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Aim

To comprehensively describe intellectual and executive functioning (EF) in people with
dyskinetic cerebral palsy (DCP), by comparing their performance with that of: 1) age- and sex-
matched typically developing controls (TDC); and 2) participants with spastic cerebral palsy
(SCP) matched for age, sex, term/preterm and gross motor function classification system
(GMFCS).

Method

This cross-sectional study was conducted by the University of Barcelona in collaboration with
five institutions. Participants were people with DCP (n=52; 24 females, median age 20.5y: 5mo,
interquartile range [IQR]= 13.75y: 7mo; GMFCS I-V). As comparison groups, participants with
SCP (n=20; 10 females, median age= 20.5y: 5.5mo, IQR= 13.75y 9mo; GMFCS I-V) and TDC
(n=52; 24 females, median age= 20y: 4mo, IQR= 12y 7mo) were included. Intelligence and EF
were assessed using common testsin all participants.

Results

Both CP groups had lower intelligence than TDC and performed poorer in almost all EF tasks.
Intelligence was higher in DCP than SCP (z=-2.51, p=.01). Participants with DCP aso performed
significantly better in goal-setting tasks (z=2.27, p=.03) and information processing (z=-2.54,
p=.01) than those with SCP.

Conclusion
People with DCP present lower genera intellectua functioning and poorer EF across multiple
domains than typically developing controls. People with DCP have higher general intellectual

functioning and better EF than people with SCP when levels of motor severity are similar.
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What this paper adds

This is the first study to compare general inteéllat functioning and executive function in a
relatively large sample of people with dyskinetierebral palsy (DCP) against samples of
typically developing controls (TDC) and people wstiastic cerebral palsy (SCP) who are similar
in terms of age, sex, being term/preterm and gmos®r severity. The present study contributes,
therefore, to the characterization of cognitive @anments in DCP. Participants with DCP present
poorer general intellectual functioning and exa@uitifunction than TDC in terms of
attentional control, cognitive flexibility, goal g and information processing. People with
DCP display stronger general intellectual functgniand executive function than those with
SCP. The results suggest that cognitive functioag have been underestimated and masked by
gross motor severity in people with DCP. Observatimade in SCP cannot be generalized to
dyskinetic forms. It is important to properly assegneral and specific cognitive functions in
people with cerebral palsy (CP) even in the mogtisecases.



1. INTRODUCTION

Although cerebral palsy (CP) is primarily a disardé movement and posture, it often involves
disturbances of communication and cognittamhich may have an impact on quality of Iffe
Dyskinetic cerebral palsy (DCP) is the second Ilstr@ group, with high rates among children
born at term and among children with normal birgight. It is agreed that DCP presents poorer
gross motor function than other CP typedsut there is less scientific evidence of the preseof
poorer cognitive abilities in comparison with otieP types, especially when levels of gross
motor severity are equivalent between grotip$ Dyskinetic cerebral palsy is characterized by
involuntary, uncontrolled, recurring and occasibnatereotyped movements. Primitive reflex
patterns predominate, muscle tone is varying, arskidesia is differentiated into dystonia and

choreoathetosit?

Some studies have reported that people with DCBeptehigher rates of cognitive difficulties.
Specifically, a study including 474 participantstwDCP (16% walked without aids, 24% with
aids and 59% were confined to a wheelchair) and $adticipants with bilateral spastic cerebral
palsy (SCP) (36% walked unaided, 42% unable to amlund learning disability to be more
frequent in children with DCP (52%) than in childrevith bilateral SCP (33%. Similarly,
another study reported that people with DCP halmvar intelligence quotient (IQ) than people
with SCP®. Verbal 1Q was also found to be significantly tégramong children with spastic
diplegia (n=49) and hemiplegia (n=35), and lowethose with DCP (n=11). Neither of those
studies reported the GMFCS level separately fotigaants with DCP and other CP types. Only
Himmelmann et al.reported gross motor severity by CP type. Whil@658F participants with
DCP needed wheelchair, only 2% of participants \@@P needed it. Interestingly, Pueyo €t al.
did not find differences between bilateral D@#xed CP, and SCP in nonverbal reasoning using
the same measure in all participants. Strauss.®ffaind that in a sample of people with
tetraplegic CP with severe motor dysfunction (dediras tetraplegia with no functional hand use
and inability to crawl, creep, scoot, or walk), 98¥%those with SCP had an Q<50 and only 2%
had no intellectual disability. Among the partianpg with DCP, only 40% (n=8) had an 1Q<50,
and 20% (n=4) had an ¥JO or higher. However, the authors reported in shely that “the
reliability of the cognitive assessments [was] sted”. Indeed, another studyfound that the
percentage of learning disability was higher (100&opeople with spastic tetraplegia (GMFCS
IV n=2, V n=21) than in DCP (60%; GMFCS | n=2, l&4 Il n=5, IV n=15, V n=26).
Moreover, a recent study suggested that “cognitiuetient” in tetraplegic SCP may be
significantly lower than other CP types, includib@P °. Finally, Dalvand et al. found that the
lowest IQ level was more frequent in spastic téégip than in DCP. Specifically, in this study
hypotonic, spastic tetraplegic, and hemiplegicrimitdyskinetic participants had the highest odds
to assign higher ratings in impaired 1) Overall, these studies might suggest that wheplpe

with DCP are comparable to other CP types in teofingross motor severity, they might not
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present poorer cognitive performance. Some aspécttese studies, however, preclude drawing
firm conclusions. For example, some studies havalssamples of participants with DCP, gross
motor severity by CP type is not always reported groups are not comparable in terms of
gestational age and gross motor severity in mostiest. Moreover, the different CP

classifications and the different terms used betws®Eme studies make it difficult to compare

results. Table 1 shows further details about tlmedmentioned studies.

Interestingly, a systematic review focused on cigmiin childhood dystonia has been recently
published®. Although this work is not specifically focused secondary dystonia due to CP, it
indicates that people with DCP often have mild d&fiin memory, impairments of visuospatial
functions, information processing speed, and saxghition. This review stresses that available
data is very limited and that there is a stronglrfee case-control studies assessing cognition and
using standardized neuropsychological tests, wattiqular emphasis on attention and executive
functioning skills among others. In this reviewstfurther encouraged to assess control groups

consisting of patients with other movement disasdfer

Executive function (EF) is necessary for the susfcescompletion of everyday, novel, goal-
directed activities and has been associated wittitgwf life in DCP**. Most studies of EF in
CP focus on SCP or unilateral CP, and have shoanpghople with CP perform significantly
worse than typically developing childrénin all EF domains described by AndersénBriefly,
these domains include attentional control (capatdtygelectively attend to specific stimuli, to
focus attention for a prolonged period, and impulsetrol), cognitive flexibility (ability to shift
between response sets, learn from mistakes, deltemative strategies, divide attention, apply
working memory and process multiple sources of rinfition simultaneously), goal setting
(ability to initiate an activity and devise a plam complete it) and information processing
(fluency, efficiency and speed of outpdf) Although it has been proposed that DCP may be
characterized by an executive dysfunctipthis hypothesis has still to be tested. The Hygsit

is consistent with the lesions of the basal garagtid thalamic systems which may impair focused
attention and executive functiohand are frequently described in people with BEExecutive
functions depend on the integrity of the entirerbtaut they are mainly mediated by the frontal
lobes and their connections with posterior and stttmal brain regions®*® Specifically, some
circuits in the basal ganglia originate in the prefal and limbic regions of the cortex which are
known to be involved in the executive functibh If we focus on the differences between CP
types, one stud{found that EF was the only function in which m@anformance was poorer in
DCP participants than in participants with SCP; beer, the differences were not statistically
significant, the sample was small, not all domah&F were assessed, and other variables that
may influence EF such as gestational age and gnagsr severity were not controlled. When
aiming to identify the association between spasgtdyskinesia and cognition, influential



variables other than CP type, such as gross metarity and prematurity, should be taken into

account, since they may prompt additional cogniiimpairments->.

The International Classification of Functioning, sBbility and Health considers intellectual
functions to be an essential Core Set for peoptd ®P %, and intellectual functions play an
important role in communicatio’, employment?? and quality of life'®. Nevertheless, few
studies so far have focused on cognitive function®CP or have analysed the EF profile in
depth, and the results they present are partlylicon§. Most of them have used different
measures for assessing cognition in the particgpartd the results vary depending on whether
the participants with DCP are compared with pgytiots with severe or moderate forms of SCP.
No study to date has compared cognitive functiohietyveen a relatively large sample of people
with DCP and a group of participants with SCP whe similar in terms of gross motor severity
and prematurity. To better understand the cognito@relates of different CP types,
neuropsychological studies able to differentiatevieen subtypes of the condition are requffed
The results would help to guide the design of maperopriate interventions and follow-up

programs focused on DCP.

Thus, in the present study we aim to map genetalleéctual functioning and EF in people with
DCP by comparing their performance with: 1) typigaleveloping controls (TDC) matched for
age and sex, and 2) participants with SCP matobedde, sex, gestational age and gross motor
severity. Following on from previous studies, otimyary hypothesis was that general intellectual
functioning and EF would be poorer in participamith CP compared with TDC. Our second
hypothesis was that, with similar gross motor sivém the two CP groups, general intellectual
functioning would be higher in participants with BGhan in those with SCP. This hypothesis is
in accordance with the studies mentioned abovelwkéem to preliminarily indicate that when
people with DCP are comparable to other CP typeteims of gross motor severity, their
cognitive performance tends to be as good as thidieoother CP types or better. Furthermore,
taking into account the brain lesions describeD@P and the results of the only previous study
to analyse EF differences between CP tyhese expected performance on EF to be poorer in
participants with DCP.

2. METHOD
2.1.Participants

This study recruited participants with DCP and anparison group with SCP from the main
hospitals in Barcelona that monitor people with @Re Pediatric Neurology Department
and Rehabilitation and Physical Medicine Departmantthe Hospital Vall d'Hebron and the
Neurology Departmerat Hospital Sant Joan de Déu), other institutidtending people with CP

(Health Services and Rehabilitation Servicethef ASPACECerebral Palsy Association, Centro
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Ocupacional Sinia, and Nadis). Some of them wertcjants in a previous studywho were
contacted and invited to participate in the cursgotly. Cases were also compared with a group
of TDC composed of relatives/friends of the papieits with CP and people recruited through

advertisements.

The inclusion criteria for participants with climicdiagnosis of CP with predominant dyskinetic
features were (1) age older than 6 years and {Rlyab understand instructions, as evaluated by
the Spanish Grammar Screening Test (receptive Pafxclusion criteria were (1) presence of
severe visual or auditory disability and (2) ladlan intelligible yes/no response. In case of signs
of sensory impairment, only participants in whora dreficit was corrected or/and the sensory

impairment did not prevent evaluation were included

After the recruitment of the participants with DQ#yrticipants who had a clinical diagnosis of
SCP and met the inclusion and exclusion criterscdbed above were recruited and matched by
sex (male/female) and age with participants withPDGupplemental material 1). Since the
influence of age on cognitive performance is stesnmp younger people, the age matching
criterion was more flexible with older participart®0 years old +/-2 years; 20<30 years old +/-4
years>30 years old +/-8 years. In order to control foriales other than the CP type, additional
inclusion criteria were implemented to ensure #ath participant of the SCP group matched a
participant with DCP with regards to term vs pret€r37 weeks, <37 weeks) and as ambulant vs
non-ambulant (GMFCS I-lI-lll vs IV-V). That is, therematurity and ambulation level of
participants with SCP included was driven by tharahteristics of participants with DCP.

Physicians from the institutions mentioned abowWermed their patients with DCP or SCP who
met the inclusion criteria, or their careers, abibat possibility of participating in this project.
The diagnosis of CP type was based on the neustlegilinical assessment. All physicians
agreed to define DCP as the CP type characterigedbbormal patterns of posture and/or
movement accompanied by involuntary, uncontroleturring, and occasionally stereotyped
movements. Impaired muscle tone regulation, movém@anirol, and coordination may comprise
dystonic and choreoathetotic pattefisOnly participants who clearly presented predomina
dyskinetic symptoms were included in the DCP grdegrticipants who presented spastic and
dyskinetic symptoms to the same extent were nosidered eligibleParticipants were further
contacted by phone to double-check inclusion/exafugriteria, to explain the participation
procedure, and to take part in the study; the reoent and data collection period was from 2012
to 2016.

Typically developing people without brain pathologgre matched one-to-one by age and sex
with participants with DCP. Controls were ineligibif they had been born preterm, were

diagnosed with a neurological or psychiatric digoy@r were illicit substance consumers.



All procedures performed in the study complied vitie ethical standards of the 1964 Helsinki
declaration. Ethical approval was obtained by timversity of Barcelona’s (CBUB) Institutional
Ethics Committee, Institutional Review Board (IRBO0D3099, assurance number:
FWAO00004225; http://www.ub.edu/recerca/comissiobo@ehtm) and the Hospital Universitari

Vall d'Hebron. Written informed consent was obtdifrom all participants or their careers.

2.2 Neuropsychological assessment

Tests were carefully chosen to allow most of theigipants to answer in an autonomous way
and to permit, when possible, the use of assiggeénology for communication. Participants
were encouraged to use the response techniquesioesd to their degree of disability and the
communication devices they normally used. See ®upghtal material 2 for test details and

adaptations used.

The Raven’s Coloured Progressive Matrices (RCPM) t@as used to measure general

intellectual functioning and the four EFdomains were assessed as follows:

Attentional control

-Inhibition and sustained attention components wassessed using an adapted version of the
Stop Signal Task (SST) of the Cambridge Neuropdygical Test Automated Battery
(CANTAB) %,

-Selective verbal attention was assessed usingligieforward span from either the Wechsler
intelligence scale for children (WISC-I\#§ or the Wechsler adult intelligence scale (WAIS-III

27.

-Selective visual attention was assessed usingspiaial forward span from the Wechsler
nonverbal scale of ability (WNV.

Cognitive flexibility

-Feedback utilization was assessed using the 6#-temputerized version of the Wisconsin
Card Sorting Test (WCST.

-Verbal working memory was assessed using the dagikward span from either WISC-# or
WAIS-IIl %",

-Visual working memory was assessed using the baakepatial span from the WN¥.

Goal setting ability was evaluated by means ofStexkings of Cambridge (SOC) test from the
CANTAB 2. Three scores were used: problems solved in mimimoves, mean moves in items

of two moves and mean moves in items of five moves.



Information processing was assessed only in vegubdicipants, using a lexical verbal fluency

task.
2.3 Background measures

Gross motor function was determined based on tlesgGviotor Function Classification System
(GMFCS) * while manual ability was measured by the ManuallibClassification System
(MACS) 3. The CFCS (Communication Function Classificatigst&m) was used to categorize
communicatior’®. Gestational age and epilepsy status were recdrdetdparent interviews and

medical records.

2.4 Statistical analysis

Statistical analyses were performed using R versi®B.1 (https://www.r-project.org/).

Descriptive statistics were calculated, and a dltést based on Kruskal-Wallis and Chi-squared
test was used to check differences between grompsiatching and descriptive variables.
Medians and interquartile ranges (IQR) were used tiuthe presence of skewness in the

empirical distribution of some numerical variables.

Matched pairs were not included in the analyse®lasks because only one measure was
recorded for each pair and, therefore, the bloé&céfcould not be separated from error. As a
result, global tests based on Kruskal-Wallis (Histig) were performed to analyse differences in
cognitive performance between groups. Pairwiserasty, based on the Mann-Whitney U test,
were performed in cases in which the global testd@d a significant result. The Hodges-
Lehmann estimator, as well as a 95% bootstrap-péteeconfidence interval, was estimated
in order to report the differences between grodpe p values were corrected for multiple
comparisons (for global and posteriori contrasts)} ave used an alpha level of .05 for all
statistical tests. As for the reported effect sebability of superiority was used. Given its
relationship with Cohen’s d under certain condisoprobabilities greater than .56, .64, and
.71 (or lower than .44, .36, and .29, dependinghenorder in which groups are compared)
could be regarded respectively as small, mediurd, large effects. Further details about the

statistical analysis are available in Supplemem@terial 3.

3. RESULTS
3.1.Participants

The final sample comprised 52 participants with DG age range 6-62 and median age 20.5y:
5mo, IQR= 13.75y: 7mo without visual/auditory abmatities precluding neuropsychological
assessment, able to understand instructions amehsit able to answer yes/no. Five of these 52

participants had sensorineural hearing loss (twd,mane moderate and two severe hearing loss —
8



the last three using hearing aids), 17 subject wibrrected refractive errors (myopia,
astigmatism and hypermetropia), four subjects wgittabismus (two corrected and two non-
corrected), two who showed a slight delay in sigremhismission in visual evoked potentials but
without pathological values and one with decreasswghl acuity in one eye. The remaining cases
did not report any hearing or visual problem. A gamson group of 52 age- and sex-matched
typically developing controls with an age range97amd age median age 20y: 4mo (IQR= 12y:
7mo) were recruited. The final sample for the grovth SCP comprised 20 participants (10
females), age range 7-65 and median age= 20.5y1c6(8QR= 13.75y: 9mo). The recruitment
process is described in Figure 1. Due to absenamiotelligible speech and motor severity or
comprehension difficulties, some participants warable to complete some of the cognitive tests

used. These missing values are indicated in thedt® of Table 3.

Given the difficulty of finding participants withG3® who met the matching criteria and due to the
completion of the research project, a one-to-ontinirgg was not possible. The range of age and
GMFCS of participants were similar in both CP greupror detailed information on the
matching, see Supplemental material 1. There weraignificant differences in age and sex
between the three groups, as regards the ratesrmaf preterm and very preterm participants
(x?=2.67, p=.26) or GMFCS between CP groups. Demodgaghd clinical data for the three
groups are shown in Table 2.

3.2.General intellectual functioning differences betwée three groups

Both CP groups had significantly lower scores tR&C (Table 3, Figure 2), and participants
with DCP had significantly higher scores than pgpants with SCP. The differences were large
for DCP and SCP vs TDC and medium for DCP vs SCP.

3.3.Executive function differences between the threeigs

Attentional control: Inhibition/sustained attentiomeasured by the SST did not differ
significantly between the three groups. Both selectverbal and visual attention were

significantly poorer in DCP and SCP than TDC; theeze no differences between CP groups.

Cognitive flexibility: Feedback utilization as wedls verbal and visual working memory were
significantly poorer in DCP and SCP than TDC. Theexe no significant differences between

CP groups in any cognitive flexibility domain.

Goal setting: The mean number of moves in probldrascan be solved in two moves did not
differ significantly between the three groups. Thean number of moves in problems that can be
solved in five moves was significantly lower in TD&hd DCP than in SCP. There were no
significant differences between DCP and TDC. Both g¢oups had significantly worse global
scores (problems solved in the minimum number ofespthan TDC. There were no significant

differences between CP groups in problems solvéldeminimum number of moves.
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Information processing: Both CP groups showed 8ggmtly poorer verbal fluency than TDC.
Verbal fluency was significantly higher in DCP tharSCP.

Interestingly, in the variables in which both CRups performed worse than TDC but did not
differ from each other, mean scores were alwaysdrigthough not significantly) in participants
with DCP (Table 3, Figure 2).

4. DISCUSSION

The present study contributes to the characteoizatf cognitive impairments in DCP. To our
knowledge, it is the first study to compare genaradllectual functioning and performance in all
EF domains in a relatively large sample of peopkh WCP against samples of TDC and people

with SCP who are similar in terms of age, sex,aestal age and gross motor severity.

As expected, the comparison between TDC and Chpgrsluwowed that people with CP had lower
general intellectual functioning and poorer exagifunction across all the domains described by
Anderson'®. Differences between CP and TDC in all EF domainge previously been reported
in unilateral CP™. In the present study, performance did not diffignificantly between TDC
and CP groups for inhibition/sustained attentiod f&m the easiest items of goal setting. The lack
of differences between CP and TDC on the easiesnsitof goal setting shows that CP
performance may be similar that of TDC in very bgdanning tasks. The lack of differences in
inhibition/sustained attention is possibly due tee tfact that SST may overestimate the
performance of some of the CP participants on “stigs” (25% of the total score used), as

motor slowness precludes inhibition errors.

Our results corroborate those of previous studigsiwhave indicated that learning or intellectual
disability is more common in spastic tetraplegiantin DCP>®*. Although our results seem to be
at odds with those of Sigurdardottir et®lwhen those authors took into accaopautticipants with
DCP who could not be assessed by the same tekeaedt of the sample (and were therefore
assessed by different measures) the highest propat children with intellectual impairment
was found in the group with spastic tetraplegiafadct, the authors themselves concluded that
cognitive skills might be masked by limitationsrabtor control®. Our results, are also at odds
with those of other studié$"’. The differences with regard to two of these statil may be due

to the small size of the sample of participanthdlCP. Himmelmann et &, however, studied a
large sample of DCP participants; the differencesvben our study and theirs might be due to
the fact that they did not control for GMFCS ancermpaturity, and that general intellectual
functioning was reported dichotomously using ancl@-off point of 50. It has been suggested
that the more severe the motor impairments, thednithe percentage of cognitive impairmént

and so DCP has often been associated with poogmitoe outcomes. However, our results
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show that, at similar levels of gross motor seyedtyskinetic forms may present higher general
intellectual functioning than spastic forms. Acdagly, some studies suggest that intellectual
disability, rather than the degree of motor invahent, is a predictor of verbal comprehension
abilities?>*34 Overall, these findings seem to support the hygsis that people with DCP, even

if they often present poorer gross motor functignihan people with SCP, do not necessarily
present poorer cognitive functioning. It is wortbfynote that similar mismatches have previously

been found between motor impairment and commumicatbilities in DCP®.

Participants with DCP performed significantly betier goal setting and information processing
than participants with SCP. Better performanceadal getting was observed for the most difficult
items; that is, both CP groups performed similaryrelatively easy items, but people with DCP
performed significantly better when more complexanpiing is required. In fact, their
performance on the most difficult items was closethe performance of TDC, since no
significant differences were found. Given that mf@tion processing was assessed with a verbal
fluency task, the conclusions about the betteroperdnce observed in DCP than SCP must be
limited to verbal participants. This fact may hdrased information processing scoring toward a
better performance in both CP groups. Informaficocessing is inherently temporal, so clinical
testing of this process is affected by a particijsaability to form a response. In the authors’
opinion, comparing performance against people withilar motor difficulties as we have done
by comparing DCP and SCP groups is a promising twayntrol this limitation. Further studies
should focus on developing tasks that control #ffect at the maximum level possible but,
presently, this is a limitation difficult to ovent® when researching performance in this kind of

tasks in people with CP.

Overall, our results show that people with DCP qenf worse than TDC and better than SCP in
both general intellectual functioning and EF indiiog a general tendency, rather than a specific
dysexecutive deficit. The performance of peopldnidCP tends to be closer to TDC on EF than
on general intellectual functioning. At this poibthas to be noted that the measure used to
estimate general intellectual functioning (Raveo®oured progressive matrices) is a matrix
reasoning task. Although the Raven’s progressivdrioes is regarded as a quintessential
measure of fluid intelligenc®, it aims to measure the ability to deduct relahips®’; other
crystallized intelligence are not considered. Mesxp it has been suggested that the Raven’s
coloured progressive matrices gives comprehensi@emation on cognitive performance and it
is sensitive to the structural state of the braidCP*%. The executive function results comparing
DCP and SCP groups do not confirm DCP as a CPdyeeifically characterized by an executive
dysfunction. Further research including neuropsiagioal assessment of other cognitive

domains is needed to conclusively reject the hygmthof a dysexecutive deficit in DCP.

11



The strengths of this study include the recruitma&ng large sample of participants with DCP
taking into account that this CP type is relativedye; a wide assessment using reliable and
common measures in all participants and the lacldifierences in age, sex, GMFCS and
prematurity between groups. The limitations incldkde absence of measurement of dyskinesia
and speech production using a quantitative sdagewtde age range of the sample and the lack of
a wider description of the functioning and disapibf the participants according the International
Classification of Functioning, Disability and HdaltMoreover, neuro-ophthalmological disorders
are among the main symptoms in &Rand their interaction with manual ability may heae
effect on cognitive performance. To control thifeef, the execution time was not considered
when scoring performance, but SST and verbal fiyeme influenced by execution time. In this
regard, it is interesting that there were no sigaiit differences in manual ability between DCP
and SCP groups (z= 0.16, p=.88dditionally, considering neuroimaging as a furtimeatching
variable between groups would provideaningful information and further strength theutessof

our study. Finally, participants with SCP includadthe present study are not representative of
the entire SCP population and the sample is s@alltion is therefore required when interpreting
the results referring to this group. This is du¢hi fact that participants with SCP were included
a posteriorj based on prematurity, ambulation, age and seractaistics of participants with
DCP.

In conclusion, the present study identifdifficulties across multiple executive function daims
compared with TDC and a better cognitive functignin people with DCP than SCP. Although
performance observed in our sample cannot be deregtdo the broad population of DCP (we
have included only participants with enough compredion, an intelligible yes/no response and
without severe visual or auditory disabilities)e thtudy of specific cognitive functions is only
possible in subsamples of DCP such as thEse.results are clinically relevant as they suggest
that cognitive functions may have been underesichand masked by gross motor severity in
people with DCP. The present study highlights thpartance of properly assessing general and
specific cognitive functions in CP, even in the trgesvere cases. Our study may help to broaden
the understanding of the clinical consequencesyskidesia for cognitive function and, by
extension, the interaction between cognitive fuorgtimuscle tone, and specific brain damage in
early childhood. Once again, the results indicétat tobservations made in SCP cannot be
generalized to dyskinetic forms. A comprehensivéaustanding of cognitive functioning in each
CP type would contribute to improving the accuradyprognosis and also to the design of
educational approaches. Although this study ine@gasir current knowledge about DCP, further
studies are needed. Harmonizing nomenclature agditoce measures between studies is also
important, as this would allow researchers to campasults, perform meta-analyses and

multicentre studies, as well as to pool data fergake of achieving larger sample sizes.
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Table 1.Studies comparing/reporting percentages of general general intellectual functioning in dyskinetic and spastic cerebral palsy

Motor assessment/
n Age range Motor severity by CP type  CP type (n) IQ assessment Results
Stadskleiv et 70  5yAm-17y:7m GMFCS/ - (GMFCS range DCP (8) Cognitive quotient measured by one of théSignificantly lower
al., 2018 of the whole sample I-V) . following options: cognitive quotient
SCP tetraplegia (9) AN i oAbt dont in the tetraplegic
SCP hemiplegia (35) ) Cognitive Ability Quotient: SCP group
SCP diplegia (18) Verbal comprehension Dep
Test for Reception of grammar 75% 1Q>85
Vocabulary score (British Picture_ SCP tetraplegia
Vocabulary Scale and/or Receptive 33% 1Q>85
Vocabulary)
; SCP hemiplegia
Perceptual reasoning 86% 10>85
WPPSI-III/WISC-IV (substituting Block o
Design with Picture Completion for SCP diplegia
children with severe fine motor 78% 1Q>85
impairments) Mixed CP
2) Developmental Quotient 76% 1Q>85
BSID-Ill/Receptive Vocabulary
Dalvand etal.,, 662 3y-14y GMFCS DCP (53) WPPSI, WISC-R DCP
10 .
2012 SCP tetraplegia (218) 26% 1Q285;
9% IQ 71-84;
SCP hemiplegia (57) 19% 1Q 50-70;
SCP diplegia (223) 45% 1Q<50
Mixed CP (63) SCP tetraplegia
: 8% 1Q>85;
Ataxic CP (18) 5% IQ 71-84;
Hypotonic (30) 10% IQ 50-70;
77% 1Q<50
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SCP hemiplegia
25% 1Q>85;
21% 1Q 71-84;
28% 1Q 50-70;
26% Q<50

SCP diplegia
24% 1Q>85;
18% IQ 71-84;
22% 1Q 50-70;
35% IQ<50

Mixed CP
33% 1Q>85;
21% 1Q 71-84;
13% 1Q 50-70;

33% IQ<50
Sigurdardottir 111 4y.6y GMFCS /- (GMFCS range DCP (11) n=29 BSID-II Verbal IQ was lower
etal, 2011 of the whole sample |-V) - g tetraplegia (10)  n=4 Reynell Zinkin Developmental Scales N DCP than SCP

SCP hemiplegia (35) n=9 Columbia Mental Maturity Scale

SCP diplegia (49) n=4 The Leiter International Performance

Ataxic CP (6) Scale
Himmelmann 5220 Years of birth Severe: needing a wheelchaiDCP (474) Measure not specified DCP
etal., 2009 1991-1996 Moderate: ambulation with SCP bilateral (4746)  Categorized into IQ above / below 50 52%1Q<50

aids SCP bilateral

0,
Mild: ambulation without 33% 1Q<50

aids /

DCP: 16% mild, 24%
moderate, 59% severe

SCP bilateral: 36% mild, 2%
severe
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Sigurdard;ttir 118 4y-6y: 6mM GMFCS /- (GMFCS range DCP (14) 50% WPPSI Median IQ was lower
etal, 200 of the whole sample 1-V) SCP tetraplegia (28)  26% WPPSI in combination with the other i DCP than SCP
SCP hemiplegia (31) developmental scales DCP
0, - .
SCP diplegia (45) 270 BSIDI 20 IS,
10% BSID-Il in combination with other 61Q/DQ 700 84;
developmental scales gézj’ :8;38 ig (;0 69;
0
n=4 Reynell Zinkin Scales SCP tetraplegia
n=5 Columbia Mental Maturity Scale 50% IQ/DQ>85;
n=1 Leiter International Performance 14% 1Q/DQ 70 to 84;
Scale-Revised in com- bination with 21% 1Q/DQ 50 to 69;
TONI-2 14% 1Q/DQ <50
SCP hemiplegia
61% |Q/DQ>85;
19% 1Q/DQ 70 to 84;
13% IQ/DQ 50 to 69;
6% 1Q/DQ <50
SCP diplegia
53% IQ/DQ>85;
18% 1Q/DQ 70 to 84;
22% 1Q/DQ 50 to 69;
7% 1Q/DQ <50
Himmelmann 70 4y-8y GMFCS/ DCP (50) WPPSI-R, WISC-IlI, Griffith scales or DCP
etal.,, 20068 DCP (GMECS I n=2, Il n=4, SCP tetraplegia (20) estimated from clinical observation 40% IQ>70;
Il n=5, IV n=15, VV n=26) ﬁﬁf :8 5&'?(570;
(0] <
SCP (GMFCS IV n=2, V )
SCP tetraplegia

n=21)

100% 1Q<50
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Straussetal., 446 - Severe: tetraplegia with no  DCP (20) Measure not specified DCP
52005 func_u_onal hand use and SCP (426) 20% IQ>70;
<sup>5</sup> inability to crawl, creep, 40% 1Q<50
<sup>5</sup> scoot, or walk / All (profound mental
<sup>5</sup> participants with severe retardatior)
motor dysfunction
SCP
2% 1Q>70;
95% 1Q<50 severe
mental retardation
(75% profound)
Pueyo et al., 19 16y-38y DCP tetraplegia (2) RCPM No statistically
2003* . o significant
-/ All bilateral DCP diplegia (2) differences between
DCP triplegia (2) DCP and SCP
SCP tetraplegia (5)
SCP diplegia (6)
SCP triplegia (2)

-, data not provided; + The term used is the saraeahthors use; CP: cerebral palsy; BSID, Baylegle3cof Infant Development; DCP: dyskinetic cerepedsy; DQ:

developmental quotient; GMFCS: Gross Motor Functdassification System; ICD10: International Stated Classification of Diseases and Related Heithblems 10th

Revision; 1Q: intelligence quotient; m, months, RCFRaven’s coloured progressive matrices; SCP:tepasrebral palsy; TONI-2: Test of Nonverbal Ihgg#nce, 2nd

Edition; WIPPSI: Wechsler Preschool and Primaryi&oalintelligence; WISC: Wechsler Intelligence cfor Children; y, years.
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Table 2. Participants’ characteristics

Matching variables DCP SCP TDC Differences:
Statistic (p-
value)”
Age
Md years: months (IQR years: months) 20.5:5 20.5:55 20: 4 H=0.01 (p=.99)
(13.75: 7) (13.75:9) (12:7)
Sex 24/28 10/10 24/28 *=0.02 (p=.99)
n (female/male)
Gestational age 4/6/42 4/1/15 - ¥*=2.67 (p=.26)
n (<32 weeks/32-36weeks37 weeks)
Gestational age participants born 10/34(6.5) 5/28(4.5) - 7E48 (p=.12)
preterm n / Md weeks (IQR weeks)
Gross motor function (GMFCS) (n) I (15) I (5) - z=0.14 (p=.89)
I1(8) I1(3)
[l (6) I (4)
IV (11) IV (5)
V (12) V (3)
Other participants’ characteristics
Motor distribution 44/8 16/4
n (bilateral/unilateral)
Manual ability (MACS) (n) I (5) I (1) - z=0.16 (p=.88)
11 (10) I1(5)
I (17) I (5)
IV (10) IV (4)
V (10) V (4)
Communication (CFCS) (n) 1 (17) | (6) - z=0 (p=1)
I1(23) II (10)
Il (6) I (2)
IV (6) IV (2)
Epilepsy statug 30/16/6 11/4/5 - x*=0.93 (p=.63)
n (no epilepsy/
active/resolved)
Aetiology? ¥'=7.47 (11)
HIE 22 6 -
Intra-cranial 9 7 -

haemorrhage, infarction
or hydrocephalus

Infection 2 2 -
Kernicterus 2 0 -
Unclassifiable 17 5 -
Main communication systeni 37/5/3/5/2 17/1/2/0/0 -

n (Speech/Speech+gestures,

communication board and other tools/

gaze, facial expressions and gestures/

communication board/alphabetic

communication board)
tThe International League Against Epilepsy critasiare used to determine epilepsy status; *The level
significance was set at@value < .05 ang values were corrected for multiple comparisons fiobal and
posteriori contrasts); -, not applical{leote that all typically developing controls werrib at term)*Here there
are presented the main communication system usdtein daily life but most of participants used @th
complementary systems depending on the contextature of the content they want to communicdte;
Aetiology classification was based on clinical erid complemented by the information from available
neuroimaging, and HIE criteria were based on Hinmaein et al.*®, CFCS, Communication function
classification system; DCP, dyskinetic cerebralspalGMFCS, Gross motor function classification epst
HIE, hypoxic-ischemic encephalopathy; IQR, intentjlearange; MACS, Manual ability classificationstgm;
SCP, spastic cerebral palsy; TDC, typically devigigpcontrols; -, not applicable?, Pearson’s Chi-squared
test; z, transformed score from Mann-Whitney U.test
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Table 3. Descriptive statistics and comparisonsoghitive scores between participants with

dyskinetic cerebral palsy, typically developing tots and spastic cerebral palsy

z Effect size
n/Md (IQR) General Posteriori (adjustedp !_”‘ (probability
contrasts estimator
DCP TDC SCP  H(pvaluey contrasts value) (95% Cl) of
superiority)
GENERAL INTELLECTUAL FUNCTIONING
52/ 52/ 20/ 55.49 TDC-DCP  5.96p<.01) 7 (3;-9) 0.79
275(11) 35(2) 24.5(9.75) (p<0.01) SCP-DCP  -2.51pt.01) -5 (-9;-1) 0.24
SCP-TDC  -6.220<.01) -11 (-15;-9) 0.02
EXECUTIVE FUNCTIONING

Attentional control
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Inhibition and 49 / 52/ 18/ 2.02 p=0.36) TDC - DCP -
sustained attentian 283 (17) 283 291.5 SCP - DCP -
(13.25)  (18.75) SCP - TDC - ‘
. 47| 52/ 19/ 24.76 p<0.01) TDC-DCP  4.61pk.01) 1(1;2) 0.6
Se'zt‘t:gxﬁo"ﬁerba' 52) 62 5(2) SCP-DCP  0.00pE1) 0 (-1;1) 0.38
SCP-TDC  -3.36(<.01) -1 (-2;-1) 0.16
Selettive visual 47| 52/ 19/ 46.21 p<0.01) TDC-DCP  5.79k.00) 2 (1;2) 0.68
attentio 5(2) 6 (1) 4 (1) SCP-DCP  -1.64pt.10) -1 (-1;0) 0.38
SCP-TDC  -5.290<.00) -2 (-3;-2) 0.16
Cognitive flexibility
Feedback 50/ 52/ 18/ 7.44 0=0.03) TDC-DCP -2.21pE.04) -2 (-4,0) 0.3%
utilization ™ 95() 7.5(4) 10 (16.25) SCP-DCP  0.88p.38) 1 (-2;6) 0.55
SCP-TDC  2.194=.04) 3(0;9) 0.6%
Verbal working 47| 52/ 19/ 37.06 p<0.01) TDC-DCP  4.83(§<.01) 2 (1;2) 0.71
memory?° 4 (2) 5(2) 3(1) SCP-DCP  0.00p.20) 0 (-1;0) 0.28
SCP-TDC  -5.241<.01) -2 (-3;-1) 0.03
Visual working 47| 52/ 18/ 50.55 p<0.01) TDC-DCP  5.85(§<.01) 2 (1;2) 0.75
memory*© 5(25) 6(0.25) @ 4(1) SCP-DCP  -1.54pE.12) -1 (-1;0) 0.28
SCP-TDC  -5.96(<.01) -2 (-3;-2) 0.02
Goal setting
Mean moves intests 48/ 52/ 17/ 5.57 p<0.07) TDC - DCP -
of two move&® 2 (0) 2 (0) 2 (0) SCP - DCP -
SCP - TDC -
Mean moves irétests 46 / 52/ 17/ 13.79 p<0.01) TDC-DCP  -1.80pk.07) -0.50 (-1,0) 0.36
of five moves*® 6.62 6.5 7.75 2.27 =.03) 1.12
2.44)  (L75)  (L.75) SGR &P 025175 067
3.68 (<.01) 1.50
SCP - TDC (0.75-2.25) 0.77
Problems solved in 48 / 52/ 18/ 24.69 <0.01) TDC - DCP 3.48pk.01) 2(1;2) 0.62
minimum move$ 8 (3) 9 (2.25) 7(3) SCP -DCP  -1.91pF.06) -1 (-3;0) 0.29
SCP-TDC  -4.55p<.01) -3 (-4:-2) 0.10
Information processing
Lexical verbal 371/ 52/ 18/ 36.21 p<0.01) TDC-DCP  4.32(<.01) 13 (7;19) 0-76
fluency 30(23) 395 12.5 SCP-DCP  -2.54p£.01) -11 (-20;-2) 0.27
(14.75)  (11.5) SCP-TDC  -5.15¢<.01) -25 (-31;-18) 0.09

*The level of significance was set apaalue < 0.05 and p values were corrected for midtcomparisons
(for global and posteriori contrasts);Higher scores indicate worse performance; -, mlieable; Cl,
Bootrap-percentile confidence interval based o®d@ bootstrap samples; DCP, dyskinetic cerebrialypé#,

Kruskal-Wallis statistic; HL, Hodges-Lehmann estioralQR, interquartile range; Md, median; SCP,stjga
cerebral palsy; TDC, typically developing contrats;transformed score from Mann-Whitney U-test. Soes
for missing data (handled with pairwise deletidapsence or inenteligible speech and motor sev&itysence
or inenteligible speeciNo comprehension of test instructiofs;large effect size", medium effect size?,

small effect size.
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DCP SCP

Potentially eligible (Potentially dligible
participants (Accomplishing
(accomplishing S matching and
~ | inclusion criteria) inclusion criteria) |
Not located n=9 n=101 ) \ n=45 ) ; Not located n=10 ;
\_participate =26 | N\ participaten=8
~ | Contacted by phone | - | Contacted by phone| -
n=66 -~ SCP n=27
Substance use f‘ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1 m\;ai/ﬁ?]ed 4
n=2 % enrolled
Underwent DCP Underwent
comprehension participants, | comprehension
assessment — assessment

"Not understanding n=64 n=2r "Not understanding
‘simpleinstructions «————— l [ » simpleingtructions
n=7 L 4 v } n=7 }
| Enrolledinthe Enrolledinthe |
study D study
n=57 n=20

g"ﬁﬂVWithdrew from'%\"‘;
- follow-up 1

participation -
n=5 /| Final sample Final sample
n=52 n=20

Figure 1. Flowchart showing requitement process for dyskinetic and spastic cerebral palsy
participants. DCP, Dyskinetic cerebral palsy; SCP, Spastic cerebral palsy
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Figure 2. Boxplots showing raw scores (y axis) byugs (x axis) of intellectual functioning, goatts® (mean moves in tests of five moves)
and information processing. Only boxplots showimgniicant differences between participants wittskipetic and spastic cerebral palsy in table 3
are presented. *p < .05; **p <.01Higher scores indicate poorer performance intés&; DCP, Dyskinetic cerebral palsy; IQR, intemgji&range;
Md, median; SCP, Spastic cerebral palsy; TDC, glpicdeveloping controls.



Highlights

- Generd intellectua functioning is higher in DCP than in SCP.
- People with DCP display stronger executive function than those with SCP.

- People with DCP present poorer executive and general intellectual functioning than
controls.
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