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Key messages

e Co-morbidity of motor problems with pervasive deyghental disorder, a
hyperkinetic disorder and/or a speech, languagdeaming disability
varied between one fourth and one third of thedehit in this clinical
sample.

e Co-morbidity rates of motor problems in developnaém@nd behavioural
disorders are lower than previously reported

e Co-morbidity of motor problems with pervasive deyghental disorder, a
hyperkinetic disorder and/or a speech, languagdeaming disability
shows different patterns in boys and girls

e |t is recommended to asses motor skills in childneth developmental
disorders

Word count main text: 3167



Abstract

Background: Few co-morbidity studies have been conductedesithe Leeds
Consensus Statement on Developmental Coordinatigorder (DCD) in 2006. In
this Statement, international cut-offs and inclasioriteria were agreed and
consequently the status of DCD changed. Furthermorest existing co-
morbidity studies are small clinical studies, rattlean epidemiological studies,
resulting in a broad range of co-morbidity rate€Dhas a higher incidence for
boys in comparison with girls, questions arisehiktpreponderance remains the
same in combination with other developmental dissdTherefore, in this study
we aimed to determine co-morbidity and gender dbfiees of motor problems in
children with a pervasive developmental disorddryerkinetic disorder and/or a
speech, language or learning disability.

Methods: Profiles of 3608 children (mean age 9y 1mo) refeme rehabilitation
centres for behavioural, developmental and sensarah disorders were studied.
Results: Motor problems were reported in one fifth of theéatosample. Co-
morbidity of motor problems in specific disorderaried between almost one
fourth to more than one third. The male/femaleoratas significantly higher in
children with motor problems and 2 or more otheodiers compared to children
with motor problems and less than 2 other disorders

Conclusions: This study indicates that co-morbidity of motor lpleams with other
clinical disorders is not exceptional and developtak deviance is seldom
specific to one domain. However, current co-motidstudies tend to
overestimate the number of children with motor peots. In addition, there may
be different patterns of symptoms between the gesnddese findings stress the
importance of assessing motor skills in childrerthwvarious developmental
disorders.

Introduction

Severe motor problems without a known medical dg@mrdthat interfere
with children’s daily life are recognized as ‘Dempinental Coordination
Disorder’ (DCD) in the Diagnostic and StatisticaMial of Mental Disorders
(DSM-IV-TR) (American Psychiatric Association [APAJ000). In the World
Health Organization International Statistical Ciisation of Diseases and
Related Health Problems, iRevision (ICD-10) (World Health Organization
1992), the label ‘Specific Developmental DisordéMmtor Function’ is used to
refer to this disability. DCD appears in 1.7% of gthool-aged children and has a
gender ratio of 1.8:1 males to females (Lingeainal. 2009). Moreover, motor
problems exist as a co-morbid disability in childre@ith other developmental
disorders (Emclet al. 2009). Diagnosing motor problems is very importsinte
recent findings show the pervasive impact of magtooblems on children’s
performance in daily life or at school (Wargy al. 2009). Furthermore,
developmental disorders are relatively persistewt whereas isolated problems
are more likely to show a relatively good outcormmorbid disabilities increase
the risk of long-term difficulties (Hellgreat al. 1993, Moffitt 1990, Rasmussen
and Gillberg 2000). In this article, we will foce® motor problems in children
with pervasive developmental disorders (PDD), hketic disorders, speech
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and language disabilities and learning disabditieand we will evaluate its
prevalence as a co-morbidity in boys and girls.

PDD is a group of disabilities characterized bwldative impairments in
social interaction and in communication and byesigiped and repetitive motor
mannerisms (American Psychiatric Association [AP2)00). PDD has a
prevalence of 0.6% (Fombonne 2005) with a male @redance of about 4 to 1
(Fombonne 2009). A recent study found that 79%hefdhildren with PDD had
definite movement impairments and 10% had bordeniroblems (Greest al.
2009). The range of co-morbid motor problems in PBBmall clinical sample
studies is large, from 50% to 85% (Manjiviona andoiP 1995, Mayes and
Calhoun 2003, Miyaharet al. 1997).

Hyperkinetic disorder is characterized by a pattef inattention and/or
hyperactivity and impulsivity (World Health Orgaation 1992). In a systematic
review, the prevalence for ADHD/Hyperkinetic diserdvas 5.29% (Polanczyk
al. 2007). The ratio of boys to girls is between il 8:1 (Swansost al. 1998).
Hyperkinetic disorder is a heterogeneous conditiith frequent co-morbid
disabilities such as motor problems (Flietsal. 2008). Approximately 30% to
50% of children with hyperkinetic disorder show wotproblems affecting
equally boys and girls (Fliert al. 2008, Gaub and Carlson 1997, Gillbetal.
2004, Sergeardt al. 2006)

Children with speech and language disabilitidstéadevelop language at
a normal rate without an explanation of a physiogbairment or neurological
disease (American Psychiatric Association [APA] @00They often have
difficulties with tasks involving motor control ispeaking. Speech and language
disabilities occur in 6.3% of children with a makte approximately double in
comparison with females (Pinborough-Zimmerngral. 2007). A recent study
found that children with speech and language disabi (27.3%) had a higher
chance than children without this disability (11 )% have motor deficits (Cheng
et al. 2009). There is a large range of reported co-ndorhotor problems in
speech and language disabilities going from 20%d& (Chenget al. 2009).

There are two main learning disabilities, namelgding disabilities with
an impairment in the development of reading andlisgeskills and mathematical
learning disabilities with an impairment in matremoal skills. Reading
disabilities affect 1 to 33% of children, dependorgthe orthographic consistency
of the language (Zieglest al. 2010) with a male predominance between 1.74 and
2 (Liedermanet al. 2005). To the best of our knowledge, there ardange co-
morbidity studies on motor problems in childrenhwieading disabilities. Studies
investigating motor problems in a small clinicalhrgde revealed co-morbidity
rates ranging from 33.2 to 87.5% (Kaplanal. 1998, Miyaharaet al. 1997).
Mathematical learning disabilities frequently ocanirchildren with a prevalence
rate between 5.9 and 13.8% (Barbaretsial. 2005). Mathematical learning
disabilities have an almost similar prevalence aysband girls (Lewiset al.
1994). Sometimes boys are doing even slightly bé&eossTsuet al. 1996, von
Aster 2000). We are not aware of a study that Idokieco-morbidity of motor
problems in children with mathematical learningathifities (except the other way
around).

In summary, the debate on the prevalence and cbidity remains
unresolved. Most of the mentioned co-morbidity satee derived from small
clinical samples, rather than from epidemiologistldies, resulting in a broad
range of divergent co-morbidity rates. In this stuwee aim to determine the co-
morbidity of motor problems in a large sample, at@dance with the ICD-10
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(World Health Organization 1992) and the Leeds €osas Statement (Sugden
al. 2006). In this Statement, international cut-offgd anclusion criteria were
agreed for clinical and research purposes. Sinea, tthe double diagnoses of
PDD and DCD is encouraged when appropriate, whsch icontrast with the
DSM-IV-TR. Furthermore, a co-morbid diagnosis ofnta disability and DCD is
not longer advised, in the opposite of the ICD-b@d ¢he DSM-IV-TR in which
the motor problems must be in excess of those allgiassociated with a mental
disability. The present study is one of the fewdsta on co-morbidity of motor
problems with other disorders since the Leeds GQunse Statement on DCD in
2006. In addition, there is some controversy aloodtnorbidity patterns between
the genders. Therefore, this study attempts to aeaboth gaps.

Methods

Participants

Records of the total yearly population of 31 reli@ion centres, focusing
mostly on ambulant rehabilitation of children andvimg a diagnostic and
therapeutic task, were systematically collected amalyzed. Main target groups
of these centres are PDD, hyperkinetic disordgesech and language disabilities,
learning disabilities, mental disabilities and cociive and sensorineural hearing
loss. Centres are involved in the identificatioml &ne clarification of the nature,
type and degree of the various developmental deserdutpatient therapy can be
offered in various domains: language, speech anthumication skills, (psycho)
motor, (meta) cognitive, social-behavioural and somal-affective abilities, 2 or
3 times a week. The team consists of differentiplis@s: physicians, social
workers, psychologists, masters in educational nsei®, speech therapists,
audiologists, occupational therapists and physragbists. Rehabilitation involves
at least three different team members with a diffediscipline providing face-to-
face treatment.

The sample comprised 3608 children, includingpaltients on a yearly
basis whatever their main diagnosis. Children vibeteveen 1 and 21 years with a
mean age of 9 years 1 month (SD 2y 6mo). Childedwéen 5 and 12 years were
the most common age group (87%). The male/feméle irathe total sample was
2/1. From these children, 81.4% attended regularcatbn, 15.3% attended
special education and 3.3% was not going to school.

Design and procedure

During 1 year and starting on January 1st, 2006 Datch-speaking
rehabilitation centres in Belgium registered cligrformation including gender,
the main disability and (eventually) co-morbid digisies based on the ICD-10
classification. Whereas the index disability wadrgs as the main disability or
the most impairing disability in daily life, a coarbid disability was defined as
another important disability. Every child underwentquite similar battery of
standardized tests. Tests that were commonly uséki diagnostic protocol for
DCD were the Movement Assessment Battery for Cardf(Henderson and
Sugden 1992) and the Bruininks-Oseretsky Test afoMBroficiency (Bruininks
1978). In order to register a main or a co-morbigdalility, a score below
percentile 10 on a standardized test and the preseh the defined clinical
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features by ICD-10 (the category ‘Specific Develegmtal Disorder of Motor
Function’), were required for a clinical diagnoSiziteria described by the ICD-
10 are quite similar to those in the DSM-IV for DGBenderson and Barnett
1998). The centres received six-months trainingnanual of the registration
system and extra support if needed. ICD-10 clasdibn codes were compared
and discussed to develop a uniform applicatiorormed consents were obtained
to use data for scientific purposes. When pareitsndt give permission, data
were excluded. All processing of data was done ymonisly. The study was in
accordance with the privacy law (included in thereegnent of the clients
appealing to rehabilitation centres). All data weteaned for data validation
purposes. Data were reviewed and a post hoc rargtonple verification was
performed (including 1% of the data) to look foeratal errors. Researchers
telephonically checked if the obtained data in thgistration form were in
correspondence with the clinical diagnosis in tlentee. All telephonically
received information was consistent with the ICRle® (F80, F81, F84, FOO0 etc.)
in the database.

Analysis of data

The participants were grouped with respect to ggres of co-morbid
motor problems. The number of children with motoolpems and the gender
ratio are presented in Table 1. Frequencies wemilated and Pearson's chi-
square tests were conducted. Descriptive statistiogoared the proportion of co-
morbid motor problems with the general populatid@riy%o) (Lingamet al. 2009)
using the test based on binomial distribution.

Results

The proportion of children with motor problemsdistered with ICD-10
code F82) was 20.4% (n=735 out of the 3608 childrenmost of these cases
(79.8%), it was registered as a co-morbid disahilih 5.3% it was the only
diagnosis. All 735 children were at least of averagtelligence (IQ>70). The
male/female ratio was 2.6/1 and the age range efgelen 3 and 17 years (mean
9y 1mo, SD 2y 3mo). From the children with motooldems, a minority had no
other behavioural or developmental disorder. Theoritg had one (40.3%), two
(43.7%), or three or more (10.7%) behavioural and@velopmental disorders
(see Table 1). In addition, the proportion of bagssus girls was significantly
higher in children with motor problems and 2 or mother disorders compared to
children with motor problems and less than 2 ottiisorders(y2=6,14; df=1;
p<.01).

Insert Table 1 about here

In Table 2, an overview is outlined of the motooldems in the different
behavioural and developmental disorders with dem@gof a registration as a
main or a co-morbid disability. For each diagnostategory (e.g. PDD), all
children with this diagnosis either as a main @oamorbid disability were taken
into account. This means that one child can be tesummore than once.

Binomial analysis revealed that there were sigaiitly more co-morbid
motor problems in speech and language disabilitis80 (33.7%) as opposed to
1.7% (Lingamet al. 2009) in the general populatiop(0001). Significantly more
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motor problems have also been established in leguaisabilities or F81 (24.8%)
as opposed in the general populatipa.Q001). In addition, 25% of the children
with PDD (or F84) and 23.9% of the children witthgperkinetic disorder (or
F90) had motor problems, which is significantly mmon comparison with the
general prevalence of motor problems (qutt0001).

Insert Table 2 about here

When children with a ‘Specific developmental ddar of scholastic
skills’ (F81) were studied more in detail, mostldren (63.1%) had a ‘Mixed
disorder of scholastic skills’ (this is a disalyilin reading or spelling together
with a disability in mathematics). The other chédrhad an isolated reading
disability (18.0%), an isolated mathematical leagndisability (13.3%) or an
isolated spelling disability (5.6%). The male/femahtio in the children with a
reading disability or a spelling disability was /A&nd 1.1/1 in the mathematical
learning disability group. When co-morbid motor lpiems were taken into
account in the latter group (25.5%), the male pm&dance increased
significantly to 1.8 ¥?>=3,68; df=1;p<.05). For the children with a combined
reading disability and mathematical learning disghia gender difference of
1.5/1 was found with a significant?€4,23; df=1;p<.05) increase to 2.0/1 when
co-morbid motor problems were taken into accourd.G%). Next to a
mathematical learning disability and a combined dieg disability and
mathematical learning disability , there was alsaignificant difference in
male/female ratio whether or not motor problemsen@ported for hyperkinetic
disorders ¥2=6,85; df=1;p<.01), with an increase from 2.9/1 to 4.2/1. Thiasw
not found for the other developmental disordersnelsg PDD and speech and
language disabilities.

Discussion

The present study aimed to gather co-morbidity gentder data on motor
problems in children with PDD, hyperkinetic disarslespeech and language
disabilities and learning disabilities after theele Consensus Statement (Sugden
et al. 2006). To our knowledge, no data about the refatipp between DCD and
other developmental disorders is currently avadahce this Statement.

Co-morbidity

Our results illustrate that co-morbidity of mot@roblems in other
disabilities is not exceptional since developmedrliance is seldom specific to
one domain. The co-morbidity of motor disabilitiggh other developmental and
behavioural disorders ranges from 23.9% to 33.7% thie highest co-morbidity
in speech and language disabilities. Our resulggest that motor problems in
these disabilities exist more frequently than canelxpected by chance. It is
questionable whether these motor problems shoukbheidered as a co-morbid
disability or as another phenomenon with a differaetiology, as proposed by
different models of co-morbidity (Pennington 2088)eeet al. 2005, Willcuttet
al. 2005). Although the term co-morbidity is used Imstpaper because of its
common use in literature and in clinical practieee agree with Kaplan and
colleagues (Kaplagt al. 2006) that the term ‘co-occurrence’ is more appeate
to describe associations among developmental dismrdCo-morbidity might
assume that the underlying pathophysiological nsigof these disorders are
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independent and not causally related while co-oecwe can be used in cases
with assumptions of a shared or completely unrdlatetiology (Kaplaret al.
2006). In this study, the overlap of motor problemigh other developmental
disorders could be the result of a shared aetiology

Findings in our study could assume that co-motpidiudies in small
clinical samples tend to overestimate the numbehddiren with motor problems.
A possible explanation could be the used definibbrmotor problems. Another
possible explanation could be that the populatoour study is indeed less (PDD,
hyperkinetic disorder, learning disability) or mor@peech and language
disability) severely affected than in other co-maditly studies, because our study
population has not been recruited in the contextroéxperimental study. Indeed,
in contrast with the 79% of motor problems in PORrdenet al. 2009), only 25%
of the children with PDD in our dataset had motwhtems. The same was the
case for hyperkinetic disorder. In our dataset &8y9% of the children with
hyperkinetic disorder had motor problems, wherbeswas the case of 30 to 50%
according to the literature (Fliees al. 2008, Gillberget al. 2004). In addition,
findings in this study support 24.8% of motor pehk in children with learning
disabilities, which is much less than the co-matiicange from 33.2% to 87.5%
(Kaplanet al. 1998, Miyaharaet al. 1997). However, in our dataset we found a
slightly higher co-morbidity of motor problems inpeech and language
disabilities (33.7%) compared to the 27.3% from ithand colleagues (2009).
These findings suggest at first the need for mgmeesiological research on
prevalence and co-morbidity rates. How to explaese differences in prevalence
and co-morbidity rates? The Leeds Consensus Statesuggests to exclude
children with 1Q below 70, but in most previousdias this exclusion criterion
was already adapted. A possible explanation is i rswingent adaptation of the
criterion requiring a significant interference witie activities of daily living at
home and/or at school. The recent study of Lingawh @lleagues (2009) is in
line with this finding by reporting a lower prevate of DCD (1.7%) in
comparison with the prevalence of 6% described Hey American Psychiatric
Association (1994). This last study was also basedhe ‘stringent’ application
of the 4 DCD criteria.

Gender

Our results regarding male/female ratios in thigedint developmental
and behavioural disorders are in line with thosporeed in the literature
(Fombonne 2009, GrossTsairal. 1996, Lewiset al. 1994, Liedermaset al. 2005,
Pinborough-Zimmermast al. 2007, Swansost al. 1998).

In addition, we found a significant gender diffece in children with
motor problems regarding the number of reportedmoobid disabilities: the
male/female ratio was higher in the sample of chitdwith motor problems and
two or more co-morbid disabilities, with a signdm higher preponderance in
boys, in comparison to the male/female ratio ingample of children with motor
problems and less than two co-morbid disabilities the best of our knowledge,
this was not mentioned in literature before.

Finally, a significant difference was found in theale/female ratio
whether or not motor problems were reported for haaatical learning
disabilities, combined reading disabilities and meatatical learning disabilities
and hyperkinetic disorders but not for the otheretigpmental disorders, namely
PDD and speech and language disabilities. Thesdtgenight be explained by a
different pattern of symptoms between genders. Bajth a mathematical
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learning disability , a combined reading disabilapd mathematical learning
disability or a hyperkinetic disorder seem to henaor problems more often than
girls. This suggest a greater vulnerability of bagsmotor problems. However,
this might also be an artefact based on selecthadrreferral criteria. For example,
girls are thought to be less disruptive and areefoee underidentified and
undertreated for hyperkinetic disorder in compariseith boys. Additional
studies seem indicated.

Clinical implications

Our results indicate that co-morbidity is not eptoenal, stressing the
importance of assessing motor skills in childrethviRDD, hyperkinetic disorders,
speech and language disabilities and learning titsega The lack of correct and
complete diagnoses may negatively influence thécehaf appropriate care. Early
assessment of motor problems might have a posiinfeience on the
psychological development in individuals with PDByperkinetic disorders,
speech and language disabilities and/or learningabdities. If the motor
weaknesses are taken into account, different iatdétons and treatments may be
considered to address the problems.

Strengths and limitations

This study adds data since the Leeds Consensigsgtat on co-morbidity
and gender data on motor problems in a large sawiphildren with PDD,
hyperkinetic disorders, speech and language disabibnd learning disabilities.
Records of 3608 children in ambulatory rehabildaticentres, specialized in
behavioural and developmental disorders were nedcigvely investigated. The
results should therefore be interpreted with caneesthe data are based on
individuals who have documented disabilities irehabilitation centre based on
an ICD-10 registration. Because of the multidisogaly character of these
centres, rather higher co-morbidity rates mightelgpected and it cannot be an
explanation for the finding that current co-morbydstudies tend to overestimate
the number of children with motor problems. Reangiin these centres gave us a
more broaden view on co-morbidity by making it pblesto compare between
various developmental disorders.

Future research

The overlap of motor problems with other developtakdisorders could
be the result of an aberrant brain developmenturButsearch is necessary to find
the pathophysiological mechanisms underlying mopsoblems and other
developmental disorders. A better understandingldvinave implications for
diagnosis and treatment. Further research coutddifferentiate between various
aspects of motor functioning, like fine motor skillgross motor skills and
balance.
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Tables

Table 1: Children registered with ICD-10 code F8®d{or problems), either as a main or a co-morbégdjdosis: number of additional disabilities and gend

Prevalence
Motor problems Male/female ratio
Boys Girls

+ no other disabilities 26 13 2/1

+ 1 other disability 202 94 2.11

+ 2 other disabilities 244 77 3.2/1

+ 3 or more other disabilities 61 18 3.4/1
Total 533 202 2.7/11

Table 2: Motor problems in the different behavidanad developmental disorders (one child couldduated more than once)

Prevalence of motor
Prevalence of the Prevalence

Prevalence of motor

in thi in thi Male/female
S o P Male/ problems in this problems in this _
Disability disability of the disability female ratio disability disability ratio when
n % Boys Girls n % Boys Girls motor problems
Specific developmental disorders of
1278 35.4 859 419 2.1/1 431 33.7 297 134 2.2/1
speech and language (code F80)
Specific developmental disorders of
o 1319 36.6 823 496 1.7/1 320 24.8 216 104 2111
scholastic skills (code F81)
Pervasive developmental disorders (code
18.3 546 114 4.8/1 165 25.0 143 22 6.5/1
F84)
Hyperkinetic disorders (code F90) 949 26.3 705 244 2.9/1 225 23.9 182 43 4.2/1
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