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Abstract
Autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder (ADHD) are more common in children with 
cerebral palsy (CP) than in the general population, but may still be underdiagnosed. This study aimed to estimate screen-
positive ASD and ADHD in a population-based group of 264 school-aged children with CP born 1999–2006 from the CP 
register of western Sweden. Validated parent-completed questionnaires were used at a median age of 12 years 11 months 
(range 8–17 years). Three different scales were used to detect signs of ASD and ADHD, respectively. Response rate was 88% 
(232/264). In 19 children, all in the most disabled group, the screening procedure was not feasible due to too few question-
naire items completed, leaving 213 for analyses. One third (74/213) of the children screened positive for ASD and half of 
the children (106/213) for ADHD, which was about twice as often as ASD/ADHD diagnoses had been clinically identified. 
Children with intellectual disability, epilepsy and/or impaired speech ability more often screened positive for ASD as well 
as ADHD. Severe motor impairment was more frequently associated with screen-positive ASD, but not ADHD. Neither 
sex nor CP type was associated with screen-positive ASD/ADHD. In conclusion, school-aged children with CP very often 
screened positive for ASD and/or ADHD. The prevalence of ASD and ADHD is most likely underestimated in children with 
CP. These screening findings require further investigations.

Keywords Cerebral palsy · Autism · ADHD · Children · Screening

Introduction

Cerebral palsy (CP) is the most common cause of motor dis-
ability in childhood, affecting about 2 per 1000 live births 
[1, 2]. CP is an umbrella term of conditions, heterogene-
ous in causation and manifestations, of non-progressive 

disturbances affecting the immature brain. Children with CP 
often have other functional disabilities and activity restric-
tions than the motor disability. In the most recent definition 
[3] problems relating to cognition, communication, behav-
iour, and sensation are mentioned. Several studies have 
described how the accompanying disabilities can be more 
disabling than the motor disability per se [4–7].

There is growing evidence that neuropsychiatric dis-
orders, primarily autism spectrum disorder (ASD) and 
attention-deficit/hyperactivity disorder (ADHD), are more 
prevalent in children with CP than in the general popula-
tion [8–16]. A recent systematic review does confirm this, 
but there are few population-based studies of children with 
CP [17].

A previous study by our group, where medical records 
of children in a population-based group with CP were 
scrutinised regarding identified neuropsychiatric disor-
ders, supported these findings. ASD was diagnosed in 18% 
and ADHD in 21% [18]. These record-based numbers are 
most likely underestimations, and registered diagnosis rates 
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depend on the documentation of neuropsychiatric diagnoses 
or descriptions of certain behaviours [15]. We also found a 
pattern of ASD and ADHD registered rates decreasing with 
increasing motor impairment, in contrast to the distribution 
of other impairments like intellectual disability (ID) and epi-
lepsy, also suggesting underestimation of ASD and ADHD 
in more severe CP.

ASD screening studies in CP are scarce, often small 
and not population-based [9, 11]. A Norwegian screening 
study on psychiatric disorders in 7-year-old children with 
CP, showed 42% screened positive for ADHD [14]. To our 
knowledge, there has previously not been any population-
based study that has actively assessed children with CP 
focusing on ASD and ADHD. The need for screening for 
ASD and ADHD with adequate tools is also emphasised by 
Craig et al. [17].

The first aim of this study was to estimate the preva-
lence of ASD and ADHD screen positivity in a well-defined 
population-based group of children with CP from the CP 
register of western Sweden, and compare with already identi-
fied diagnoses of ASD and ADHD. The second aim was to 
describe if and how screening positive for ASD and ADHD 
was associated with sex, gestational age, CP type, gross 
motor function, intellectual level, epilepsy and speech ability.

Methods

Participants

The study population, derived from the CP register of west-
ern Sweden, comprised eight birth-year cohorts of children 
and adolescents with CP born between 1999 and 2006 [1, 2], 
in the county of Västra Götaland, a region with 1.6 million 
inhabitants. This population-based group consisted of 264 
children, 141 boys and 123 girls.

CP types were classified according to the Surveillance 
of Cerebral Palsy in Europe (SCPE); into unilateral spastic 
CP (USCP), bilateral spastic CP (BSCP), dyskinetic CP and 
ataxic CP [19]. Gross motor function was classified with the 
Gross Motor Function Classification System (GMFCS) [20].

Gestational-age groups were considered: extremely pre-
term (birth occurring at less than 28 completed gestational 
weeks), very preterm (28–31 weeks), moderately preterm 
(32–36 weeks) and term (37 completed weeks or more).

Intellectual level was defined as normal if IQ was ≥ 85, 
and borderline intellectual functioning if IQ was 70–84. 
Intellectual disability (ID, term according to Diagnostic 
and Statistical Manual of Mental Disorders (DSM)-5) [21] 
was defined according to International Classification of Dis-
eases and Related Health Problems—Tenth Revision (ICD-
10) [22]; mild (IQ 50–69), moderate (IQ 35–49), severe (IQ 
20–34) and profound (IQ < 20).

Visual impairment was defined as an acuity of not more 
than 0.3 in the best eye with correction, and severe visual 
impairment was defined as an acuity of not more than 0.1 
in the best eye with correction or the presence of functional 
blindness. Hearing impairment included sensorineural 
impairment or deafness, unilateral or bilateral. Epilepsy 
was defined as epilepsy under treatment according to the 
medical records. Speech was classified with the Viking 
Speech Scale (VSS) [23]; level I not affected speech, II 
imprecise speech, III unclear speech and IV no understand-
able speech.

Neuropsychiatric disorders in this study included ASD 
and ADHD. These diagnoses were derived from the medi-
cal records and had been coded according to ICD-10. Three 
autism spectrum diagnoses were found: autistic disorder, 
atypical autism and Asperger syndrome. ASD is used here 
for all three categories.

Procedure

Between January 2013 and December 2016 all parents of the 
264 children with CP were invited to participate by complet-
ing a comprehensive combined questionnaire. The parents of 
101 children were asked at a visit to the Regional Rehabili-
tation Centre, 156 were contacted through telephone, while 
the parents of seven children were not possible to reach in 
person or by phone. The latter received only a written invita-
tion. The parents of eight children declined to participate. 
Thus, 256 questionnaires were sent out. The parents of 232 
children responded either directly (n = 169) or after one or 
two reminders (n = 63). Twenty-four questionnaires were not 
returned despite reminders (Fig. 1).

The 232 received questionnaires were completed by 
either the mother (n = 131), the father (n = 31), both par-
ents (n = 69), or the foster mother (n = 1). The median 
age at screening was 12 years 11 months (range 8 years 
4 months—17 years 10 months).

Assessments

The combined questionnaire consisted of validated screening 
tools used in the Bergen Child Study [24]—SDQ (Strengths 
and Difficulties Questionnaire), ASSQ (Autism Spectrum 
Screening Questionnaire), SNAP-IV (Swanson, Nolan and 
Pelham) and 21 extra items—with addition of two instru-
ments covering questions pertaining to children with ID: 
DBC (Developmental Behaviour Checklist) and ABC 
(Autism Behavior Checklist), altogether 282 items (Table 1). 
All items were possible to score on a 3-point scale (0 = not 
true, 1 = somewhat true and 2 = certainly true), except for 
ABC where items were judged not true/true. As a principle, 
the lowest established cut-off levels have been used to ensure 
high sensitivity and to compensate for single items, most 
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commonly pertaining to motor function or speech, not pos-
sible to evaluate for some parents of some children.

The SDQ is a brief emotional and behavioural screening 
questionnaire for children and adolescents [25]. The version 
for parents of 4–17 year olds was used. The hyperactivity/
inattention subscale consisting of 5 items was used with 6 as 
a cut-off level for screen positivity for ADHD [26].

The ASSQ is a widely used autism spectrum screening 
instrument and consists of 27 items [27]. Also, the 18 items 
in the extended version (ASSQ-REV) [28] were included in 
the questionnaires, but not reported in this paper due to lack 
of a validated cut-off level. For ASSQ a cut-off level of 15 
(of a possible maximum of 54) was used [29].

The SNAP-IV includes the diagnostic symptoms for 
ADHD and oppositional defiant disorder (ODD) [30]. We 
defined the cut-off as 6/9 items scored as “somewhat true” 
or “certainly true” in the two sub-scales of inattention and 
hyperactivity/impulsivity, respectively [26].

The DBC is a suite of instruments for the assessment of 
behavioural and emotional problems in developmental and 
intellectual disabilities [31]. The DBC Autism Screening 
Algorithm (DBC-ASA) is a 29-item subscale with a cut-off 
level of 17 [32]. The DBC Hyperactivity Index (DBC-HI) is 
a 6-item subscale for hyperactivity described in a pilot study 
[33], and we decided to use 7 as a cut-off level for ADHD.

The ABC was developed to measure levels of autistic 
behaviour in individuals with severe disabilities [34]. The 
57 items were weighted as originally between 1 and 4 points, 
and a total score of 45 was used as cut-off level [9].

In summary three scales were used to define ASD screen 
positivity (ASSQ, DBC-ASA and ABC) and three scales 
were used to define screen positivity for ADHD (SDQ 
hyperactivity/impulsivity, SNAP-IV and DBC-HI) (Table 1). 
Since the scales are targeting children at different intellec-
tual levels, a child was considered screen-positive if at least 
one out of three scales for ASD and ADHD, respectively, 

Fig. 1  Flowchart of the study participants. The population-based 
group consisted of 264 children with cerebral palsy (CP) from the CP 
register of western Sweden. Screening questionnaires were obtained 
for 232 children, but 19 questionnaires were not possible to evaluate 
leaving the 213 study participants. (GMFCS Gross Motor Function 
Classification System)

Table 1  Screening instruments of the questionnaire

The instruments used in the screening for autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder (ADHD), respectively, are 
marked
a Instruments assessing ASD
b Instruments assessing ADHD

Instrument Items Cut-off Scores

SDQ (Strengths and Difficulties Questionnaire) 25 Not true 0/somewhat true 1/certainly true 2
including SDQ subscale hyperactivity-inattentionb (5) 6 Not true 0/somewhat true 1/certainly true 2
ASSQ (Autism Spectrum Screening Questionnaire)a 27 15 Not true 0/somewhat true 1/certainly true 2
Plus ASSQ-REV extended version 18 Not true 0/somewhat true 1/certainly true 2
SNAP-IV (Swanson, Nolan and Pelham) 30 Not true 0/somewhat true 1/certainly true 2
with subscales inattention and hyperactivity/impulsivityb (9/9) 6/9 items scored as 1 or 2 in the 

two subscales, respectively
DBC (Developmental Behaviour Checklist) 96 Not true 0/somewhat true 1/certainly true 2
including DBC-ASA (Autism Screening Algorithm)a (29) 17
including DBC-HI (Hyperactivity Index)b (6) 7
Extra items 21
ABC (Autism Behavior Checklist)a 57 45 Not true/true, scoring according to algo-

rithm (Krug et al. 1980)
SDQ function 8
Open questions (2)
Total items 282
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reached cut-off levels. A child was considered screen-neg-
ative if all three scales for ASD and ADHD, respectively, 
were below cut-off.

Not all items had been completed in all questionnaires. 
Overall, data were missing in nearly 9% of all items. The 
instruments used differed in this respect; in SNAP 11% of the 
items were not completed, in ASSQ 11%, in SDQ 9%, in DBC 
8% and in ABC 7%. For most children the questionnaire was 
applicable. In four out of five questionnaires a maximum of 
ten items out of all 282 were uncompleted. If less than three 
quarters of all items were completed in all three scales for ASD 
and ADHD, respectively, and no scale reached cut-off level, 
the questionnaire was considered not possible to evaluate.

Ethics

The study was approved by The Regional Ethical Review 
Board in Gothenburg, ref 398–12.

Statistical analysis

The aims of this study were descriptive, and statistics were 
used to compare groups. For the association between cat-
egorical variables, the χ2 test for independence was used, 
and for the comparison in a group with an ordinal scale, the 
Cochran–Armitage χ2 test for trends was used. A p value 
of < 0.05 was regarded as statistically significant.

The population-based basis is described in Table 2, where 
the original population is compared with the responders and 
the screening participants. To assess differences between 
responders and non-responders the χ2 test for independ-
ence was used. In Table 3 the results from the screening are 
compared with already identified diagnoses in the screening 
participants, for ASD and ADHD, respectively, and by dif-
ferent background factors. Main findings from Table 3 are 
also presented visually in Fig. 3.

Results

The screening response rate was 88% (232 questionnaires 
out of 264). The responders represented the whole group 
of children with CP regarding sex, gestational age, CP 
type, GMFCS level, intellectual level, visual and hearing 
impairment, epilepsy and speech ability. Overall there were 
no major differences between the responders and the non-
responders. Significant differences were seen in three sub-
groups: gestational age 28–31 weeks, dyskinetic CP and 
borderline intellectual functioning (Table 2).

The questionnaires of 19 children were not possible to 
assess due to too few completed items. They represented 
the most disabled children; 12 with dyskinetic CP and seven 
with BSCP at the most severe GMFCS levels and ID levels. 

They accounted for more than two thirds of all uncompleted 
items in the questionnaires. In the following these 19 chil-
dren are excluded, leaving 213 children.

The proportion of diagnosed ASD and ADHD in the 
screening group of 213 children did not differ from the origi-
nal group (Table 2).

Positive screening

The remaining 213 questionnaires were analysed concerning 
signs of ASD and ADHD. Positive screening was found in 
119 children (56%) for either ASD or ADHD or both. Sev-
enty-four (35%) screened positive for ASD and 106 (50%) 
for ADHD. There was an overlap of screening positive for 
both ASD and ADHD in 61 children (29%) (Fig. 2).

Of the 74 children who screened positive for ASD, 68 
children were positive on the ASSQ, 34 on the DBC-ASA, 
and 26 on the ABC. Nineteen children were positive on all 
three screening instruments, 16 on two instruments, and 39 
on only one instrument. An ASD diagnosis had been regis-
tered in 42 of the 213 children.

Of the 106 children who screened positive for ADHD, 
the SNAP-IV was positive for 91 children, the SDQ hyper-
activity/impulsivity for 58 and the DBC-HI for 28 children. 
Twenty-one children were positive on all three screening 
instruments for ADHD, 29 on two instruments, and 56 chil-
dren on only one instrument (either of the three). An ADHD 
diagnosis had been registered in 49 of the 213 children.

The screening results of ASD and ADHD and registered 
diagnoses of ASD and ADHD are shown in Table 3. Almost 
twice as many screened positive for ASD than were pre-
viously diagnosed, and more than twice as many screened 
positive for ADHD than were already diagnosed.

Of the 42 children with an ASD diagnosis, 33 screened 
positive for ASD (sensitivity 79%). Of the remaining nine 
children, five screened positive for ADHD only. Of the 49 
children with an ADHD diagnosis, 42 screened positive for 
ADHD (sensitivity 86%). The children with ASD or ADHD 
diagnoses who screened negative did not differ from the chil-
dren who screened positive regarding sex, gestational age, 
CP type, GMFCS level or other associated impairments.

Associated characteristics

For ASD, 45 of the 115 boys (39%) and 29 of the 98 girls 
(30%) screened positive, and for ADHD, 62 of the 115 boys 
(54%) and 44 of the 98 girls (45%) (Table 3). These dif-
ferences in sex distribution were not significant. Children 
born extremely preterm were more likely to have been diag-
nosed with ASD than children born from 28 gestational 
weeks (χ2 = 8.91; p = 0.003), but screening for ASD showed 
no significant differences between gestational age groups 
(Table 3).
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Table 2  The distribution of sex, 
gestational age, cerebral palsy 
(CP) type, gross motor function 
and associated impairments 
of the total population group 
of children with CP, of the 
responders, and of the study 
participants

The three subgroups with significant differences between responders and non-responders are marked. 
(GMFCS Gross Motor Function Classification System; ID Intellectual Disability; ASD Autism Spectrum 
Disorder; ADHD Attention-Deficit/Hyperactivity Disorder)
a Significantly higher proportion in the non-responder group of 32 children (p = 0.046)
b Significantly lower proportion in the non-responder group of 32 children (p = 0.025)
c Significantly higher proportion in the non-responder group of 32 children (p = 0.015)

Population Responders Screening participants
n = 264 n = 232 n = 213

n (%) n (%) n (%)

Sex
Male 141 (53) 126 (54) 115 (54)
Female 123 (47) 106 (46) 98 (46)
Gestational age
Week 23–27 26 (10) 21 (9) 20 (10)
Week 28–31 30 (11) 23 (10)a 22 (10)
Week 32–36 45 (17) 40 (17) 37 (17)
Week 37–42 163 (62) 148 (64) 134 (63)
CP type
Unilateral spastic CP 103 (39) 89 (38) 89 (42)
Bilateral spastic CP 98 (37) 83 (36) 76 (36)
Dyskinetic CP 45 (17) 44 (19)b 32 (15)
Ataxic CP 18 (7) 16 (7) 16 (7)
GMFCS
I 127 (48) 110 (48) 110 (52)
II 40 (15) 33 (14) 33 (15)
III 20 (8) 19 (8) 19 (9)
IV 35 (13) 31 (13) 30 (14)
V 42 (16) 39 (17) 21 (10)
Visual impairment (VI)
No VI 213 (81) 189 (82) 183 (86)
VI not severe 18 (7) 15 (6) 15 (7)
Severe VI 33 (12) 28 (12) 15 (7)
Hearing impairment
No 243 (92) 214 (92) 198 (93)
Sensorineural 21 (8) 18 (8) 15 (7)
Intellectual level
Normal 98 (37) 90 (39) 90 (42)
Borderline 26 (10) 19 (8)c 19 (9)
Mild ID 57 (22) 47 (20) 47 (22)
Moderate ID 19 (7) 19 (8) 19 (9)
Severe ID 32 (12) 29 (13) 26 (12)
Profound ID 32 (12) 28 (12) 12 (6)
Epilepsy
No 137 (52) 118 (51) 117 (55)
Previous 18 (7) 15 (6) 15 (7)
Active 109 (41) 99 (43) 81 (38)
Viking Speech Scale (VSS)
I 122 (46) 104 (45) 104 (49)
II 58 (22) 51 (22) 51 (24)
III 17 (7) 17 (7) 17 (8)
IV 67 (25) 60 (26) 41 (19)
ASD diagnoses 47 (18) 42 (18) 42 (20)
ADHD diagnoses 55 (21) 49 (21) 49 (23)
Both ASD and ADHD diagnoses 18 (7) 18 (8) 18 (8)
No diagnosed-associated impairment 65 (25) 57 (25) 57 (27)
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Table 3  Results of screening 
for autism spectrum disorder 
(ASD) and attention-deficit/
hyperactivity disorder (ADHD) 
and identified diagnoses of ASD 
and ADHD in the same 213 
children in a population-based 
group with cerebral palsy (CP)

The results are shown in relation to sex, gestational age, CP type, gross motor function and associated 
impairments. Percentages describes the proportion of the subgroups. (GMFCS Gross Motor Function Clas-
sification System; ID Intellectual Disability)

Screening Diagnosis Screening Diagnosis Screening
positive ASD ASD positive ADHD ADHD negative 

ASD and 
ADHD

n (%) n (%) n (%) n (%) n (%)

Total 213 74 (35) 42 (20) 106 (50) 49 (23) 94 (44)
Sex
Male 115 45 (39) 27 (23) 62 (54) 25 (22) 46 (40)
Female 98 29 (30) 15 (15) 44 (45) 24 (24) 48 (49)
Gestational age
Week 23–27 20 10 (50) 9 (45) 13 (65) 6 (30) 7 (35)
Week 28–31 22 9 (41) 4 (18) 7 (32) 4 (18) 12 (55)
Week 32–36 37 10 (27) 5 (14) 10 (27) 7 (19) 21 (57)
Week 37–42 134 45 (34) 24 (18) 76 (57) 32 (24) 54 (40)
CP type
Unilateral spastic CP 89 23 (26) 15 (17) 45 (51) 24 (27) 41 (46)
Bilateral spastic CP 76 29 (38) 19 (25) 35 (46) 11 (14) 36 (47)
Dyskinetic CP 32 13 (41) 3 (9) 14 (44) 7 (22) 14 (44)
Ataxic CP 16 9 (56) 5 (31) 12 (75) 7 (44) 3 (19)
GMFCS
I 110 26 (24) 15 (14) 51 (46) 27 (25) 54 (49)
II 33 15 (45) 13 (39) 19 (58) 11 (33) 14 (42)
III 19 8 (42) 5 (26) 11 (58) 4 (21) 7 (37)
IV 30 16 (53) 7 (23) 17 (57) 5 (17) 10 (33)
V 21 9 (43) 2 (10) 8 (38) 2 (10) 9 (43)
Visual impairment (VI)
No VI 183 59 (32) 32 (17) 95 (52) 48 (26) 79 (43)
VI not severe 15 8 (53) 5 (33) 4 (27) 1 (7) 7 (47)
Severe VI 15 7 (47) 5 (33) 7 (47) 0 (0) 8 (53)
Hearing impairment
No 198 67 (34) 40 (20) 95 (48) 45 (23) 90 (45)
Sensorineural 15 7 (47) 2 (13) 11 (73) 4 (27) 4 (27)
Intellectual level
Normal 90 10 (11) 6 (7) 30 (33) 14 (16) 56 (62)
Borderline 19 7 (37) 5 (26) 9 (47) 8 (42) 10 (53)
Mild ID 47 24 (51) 12 (26) 32 (68) 18 (38) 12 (26)
Moderate ID 19 10 (53) 7 (37) 13 (68) 6 (32) 4 (21)
Severe ID 26 18 (69) 9 (35) 19 (73) 3 (12) 6 (23)
Profound ID 12 5 (42) 3 (25) 3 (25) 0 (0) 6 (50)
Epilepsy
No 117 28 (24) 12 (10) 48 (41) 26 (22) 62 (53)
Previous 15 6 (40) 4 (27) 6 (40) 2 (13) 8 (53)
Active 81 40 (49) 26 (32) 52 (64) 21 (26) 24 (30)
Viking Speech Scale (VSS)
I 104 24 (23) 18 (17) 45 (43) 23 (22) 53 (51)
II 51 20 (39) 11 (22) 25 (49) 16 (31) 24 (47)
III 17 6 (35) 2 (12) 10 (59) 5 (29) 7 (41)
IV 41 24 (59) 11 (27) 26 (63) 5 (12) 10 (24)
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Positive screening for ASD and ADHD was common in 
all CP types (Fig. 3a, Table 3). There was an increasing 
occurrence of ASD screening positivity with more severe 
GMFCS levels (χ2

trend = 9.91; p = 0.003), while no asso-
ciation was seen between ADHD screening positivity and 
GMFCS levels (Fig. 3b, Table 3). In contrast, identified 
diagnoses of both ASD and ADHD decreased from GMFCS 
level II to V.

Excluding children with profound ID, children with 
more severe ID screened positive more often both for ASD 
(χ2

trend = 41.79; p < 0.001) and ADHD (χ2
trend = 21.56; 

p < 0.001) (Fig. 3c, Table 3). This association was similar 
in already identified ASD diagnoses. In contrast, identified 
ADHD diagnoses were more prevalent towards less severe 
ID.

Children with epilepsy screened positive more often than 
children without epilepsy, for ASD (χ2 = 12.36; p < 0.001) 
as well as ADHD (χ2 = 10.89; p = 0.001) (Table 3). Chil-
dren with less speech ability more often screened posi-
tive for ASD (χ2

trend = 15.59; p < 0.001) as well as ADHD 
(χ2

trend = 5.33; p = 0.021), although no associations between 
diagnosed ASD and/or ADHD and speech ability were seen 
(Table 3).

Discussion

In this population-based screening study, we found that a 
very large proportion of children with CP screened posi-
tive for ASD or ADHD or both. One third of the children 
screened positive for ASD and half of the children for 
ADHD. The rates were higher than expected; about double 
of already identified diagnoses in the same group of children.

This screening study was designed to have high sensitiv-
ity, but with stricter cut-off levels the proportion screen-
ing positive would still have been high. For example, if an 

ASSQ cut-off of 17 rather than 15 had been used, the ASD 
screen positivity rate would still be 32%, instead of 35%. 
Nevertheless, the questionnaire did not identify all children 
diagnosed with ASD and/or ADHD. For ADHD, three of 
the nine children with a registered diagnosis who screened 
negative were on treatment with stimulants, which may have 
led to a considerable decrease in ADHD symptoms.

The DBC-HI has been evaluated in a pilot study resulting 
in suggestions for two different cut-off levels used for differ-
ent purposes [33], and we decided to use 7 which was said 
to represent the clinically significant range. Had we used 
the lower suggested cut-off of 5, the ADHD screen posi-
tivity rate would have been 52%, instead of 50%. Gargaro 
et al. also emphasise that children with ASD only often show 
high, but sub-clinical, levels of hyperactivity symptoms 
[33]. In our study we found a considerable overlap between 
ASD and ADHD screening positivity of 29%, and only 6% 
screened positive for ASD only, i.e. the majority of children 
screened positive for ASD also screened positive for ADHD.

One important finding was that the instruments used were 
not appropriate for the most severely disabled children, i.e. 
children at GMFCS level V and profound ID. In 19 children 
the questionnaires were impossible to evaluate, due to too 
few completed items. Children with very severe impairments 
may not have enough abilities or expressions for the ques-
tionnaires to be feasible. In the remaining questionnaires 
regarding the children at GMFCS level V, fewer screened 
positive than in the less disabled children. In the study by 
Bjørgaas et al. [14], the same problem was encountered, 
therefore all with GMFCS level V were excluded. There 
is a need for finding other solutions to evaluate this group.

ASD as well as ADHD screen positivity increased the 
more severe other impairments; ID, impaired speech abil-
ity and epilepsy. ASD screen positivity also increased with 
more severe motor impairment, while this association was 
not seen for ADHD. The comparison with already identified 

Fig. 2  Screening outcome in a 
population-based group of chil-
dren with cerebral palsy (CP). 
Results from the 213 analysed 
questionnaires showed one 
third, 74/213, screened positive 
for autism spectrum disorder 
(ASD) and half, 106/213, 
screened positive for attention-
deficit/hyperactivity disorder 
(ADHD). There was a consider-
able overlap of 61/213, resulting 
in 119/213 screened positive for 
ASD or ADHD or both
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Fig. 3  Results of screening for 
autism spectrum disorder (ASD) 
and attention-deficit/hyper-
activity disorder (ADHD) in 
relation to identified diagnoses 
of ASD and ADHD in the same 
213 children in a population-
based group of children with 
cerebral palsy (CP). The darker 
parts of the staples represent 
the proportion diagnosed ASD 
and ADHD, respectively, and 
the lighter parts represent the 
proportion screened positive 
above the proportion with 
diagnoses, and are shown for a 
CP type, b gross motor function 
(GMFCS level) and c intel-
lectual level. (GMFCS Gross 
Motor Function Classification 
System; ID Intellectual Disabil-
ity). a Positive screening and 
identified diagnoses of ASD and 
ADHD in relation to CP type. b 
Positive screening and identified 
diagnoses of ASD and ADHD 
in relation to gross motor 
function (GMFCS level). c 
Positive screening and identified 
diagnoses of ASD and ADHD 
in relation to intellectual level

a

b

c
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diagnoses of ASD and ADHD revealed a clear difference 
since diagnoses most often decreased with increasing other 
impairments. The gap between screening positivity and iden-
tified diagnoses was bigger the more severe other impair-
ments, which may reflect diagnostic difficulties in children 
with several impairments.

There was no significant male preponderance for either 
ASD or ADHD in this study, in contrast to the screening 
findings of the Bergen Child Study [26, 29].

Strengths and limitations

Participants in this study all belonged to a well-defined pop-
ulation-based group of children with CP, from the CP reg-
ister of western Sweden [1, 2]. The response rate was high, 
88% of all children, representative regarding sex distribution, 
CP types, GMFCS levels and associated impairments. This 
argues in favour of the results being generalisable. Another 
strength of the study is that we used three complementary 
instruments to screen for ASD and ADHD, respectively, and 
also included instruments developed for children with ID. 
This broader approach has most likely increased the possibil-
ity to capture signs of ASD and ADHD.

A limitation of the study is that information on the chil-
dren came only from one source, the parents. This source of 
information is probably sufficient for most children with CP, 
but it may be hard for some parents to accept their children’s 
impairments, seeking other explanations for their problems. 
Conversely, some parents may look for impairments that 
more “objective” assessment would not pick up on. Addi-
tional teacher ratings would have been valuable. Another 
limitation is that the DBC, apart from the other screening 
instruments, has not been validated in Swedish, although 
that has been done in nearby countries.

Another important point is that all children who screened 
positive would likely not meet full diagnostic criteria for 
ASD and/or ADHD after comprehensive clinical assess-
ment. Further investigations are needed in these children, 
but even in children where diagnostic criteria are not met, 
the symptoms could still be impairing and important to con-
sider when planning support.

Implications

Our findings support the hypothesis that the prevalence of 
neuropsychiatric impairments in children with CP is under-
estimated. Children with one neurodevelopmental disability 
are at greater risk of also having other neurodevelopmental 
disabilities [35] and should therefore be assessed for a range 
of possible problems (ESSENCE, Early Symptomatic Syn-
dromes Eliciting Neurodevelopmental Clinical Examinations) 
routinely. Early diagnosis and support have been proven to 

give a better prognosis for children with ASD [36], and chil-
dren with ADHD also benefit from early identification and 
treatment [37]. A child with combined disabilities will benefit 
from more adequate and effective treatment, hopefully lead-
ing to a better level of functioning and participation. Parents 
may also benefit from early support with less stress and more 
knowledge about how to take care of their child. From a com-
munity perspective, it is important to recognise the common 
combination of CP and neuropsychiatric impairments to pro-
vide better services [17].

Conclusion

This population-based study of children with CP indicates 
a higher prevalence of ASD and ADHD than previously 
described; one third of the children with CP may have ASD 
and half may have ADHD. These findings require further fol-
low-up investigations pertaining to identifying the most suit-
able instruments for neuropsychiatric evaluation in children 
with CP, particularly for the more severely disabled children. 
It would also be valuable to assess the screen positive children 
without diagnoses more in depth to come closer to the true 
prevalence of ASD and ADHD in children with CP.

Acknowledgements We are very grateful for all participating parents, 
completing the extensive questionnaire. This study was supported by 
grants from the Bertha and Felix Neubergh Memorial Foundation, the 
Gothenburg Society of Medicine, the Linnea and Josef Carlsson Foun-
dation, the Petter Silfverskiöld Memorial Foundation, the Queen Silvia 
Children’s Hospital Research Foundations, the Queen Silvia Jubilee 
Foundation, the RBU Research Foundation, the Sahlgrenska Univer-
sity Hospital Foundations and the Foundation Sunnerdahl Disability 
Fund. Open access funding provided by University of Gothenburg.

Compliance with ethical standards 

Conflict of interest On behalf of all authors, the corresponding author 
states that there is no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Himmelmann K, Hagberg G, Uvebrant P (2010) The changing 
panorama of cerebral palsy in Sweden. X. Prevalence and origin 
in the birth-year period 1999–2002. Acta Paediatr 99:1337–1343

http://creativecommons.org/licenses/by/4.0/


1578 European Child & Adolescent Psychiatry (2020) 29:1569–1579

1 3

 2. Himmelmann K, Uvebrant P (2014) The panorama of cerebral 
palsy in Sweden. XI. Changing patterns in the birth-year period 
2003–2006. Acta Paediatr 103:618–624

 3. Rosenbaum P, Paneth N, Leviton A, Goldstein M, Bax M (2007) 
A report: the definition and classification of cerebral palsy. Dev 
Med Child Neurol Suppl 109:8–14

 4. Himmelmann K, Beckung E, Hagberg G, Uvebrant P (2006) 
Gross and fine motor function and accompanying impairments 
in cerebral palsy. Dev Med Child Neurol 48:417–423

 5. Sigurdardottir S, Thorkelsson T, Halldorsdottir M, Thorarensen 
O, Vik T (2009) Trends in prevalence and characteristics of 
cerebral palsy among Icelandic children born 1990 to 2003. Dev 
Med Child Neurol 51:356–363

 6. Himmelmann K, Uvebrant P (2011) Function and neuroimag-
ing in cerebral palsy: a population-based study. Dev Med Child 
Neurol 53:516–521

 7. Ballester-Plané J, Laporta-Hoyos O, Macaya A, Poo P, Melen-
dez-Plumed M, Toro-Tamargo E, Gimeno F, Narberhaus A, 
Segarra D, Pueyo R (2018) Cognitive functioning in dyskinetic 
cerebral palsy: its relation to motor function, communication 
and epilepsy. Eur J Paediatric Neurol 22:102–112

 8. Goodman R, Graham P (1996) Psychiatric problems in children 
with hemiplegia: cross sectional epidemiological survey. BMJ 
312:1065–1069

 9. Nordin V, Gillberg C (1996) Autism spectrum disorders in chil-
dren with physical or mental disability or both. I: clinical and 
epidemiological aspects. Dev Med Child Neurol 38:297–313

 10. Steffenburg S, Steffenburg U, Gillberg C (2003) Autism spec-
trum disorders in children with active epilepsy and learning dis-
ability: comorbidity, pre- and perinatal background, and seizure 
characteristics. Dev Med Child Neurol 45:724–730

 11. Kilincaslan A, Mukaddes NM (2009) Pervasive developmental 
disorders in individuals with cerebral palsy. Dev Med Child 
Neurol 51:289–294

 12. Sigurdardottir S, Indredavik MS, Eiriksdottir A, Einarsdottir 
K, Gudmundsson HS, Vik T (2010) Behavioural and emotional 
symptoms of preschool children with cerebral palsy: a popula-
tion-based study. Dev Med Child Neurol 52:1056–1061

 13. Kirby RS, Wingate MS, Van Naarden Braun K, Doernberg NS, 
Arneson CL, Benedict RE, Mulvihill B, Durkin MS, Fitzgerald 
RT, Maenner MJ, Patz JA, Yeargin-Allsopp M (2011) Preva-
lence and functioning of children with cerebral palsy in four 
areas of the United States in 2006: a report from the Autism 
and Developmental Disabilities Monitoring Network. Res Dev 
Disabil 32:462–469

 14. Bjorgaas HM, Hysing M, Elgen I (2012) Psychiatric disorders 
among children with cerebral palsy at school starting age. Res 
Dev Disabil 33:1287–1293

 15. Christensen D, Van Naarden Braun K, Doernberg NS, Maenner 
MJ, Arneson CL, Durkin MS, Benedict RE, Kirby RS, Wingate 
MS, Fitzgerald R, Yeargin-Allsopp M (2014) Prevalence of cer-
ebral palsy, co-occurring autism spectrum disorders, and motor 
functioning—Autism and Developmental Disabilities Monitoring 
Network, USA, 2008. Dev Med Child Neurol 56:59–65

 16. Delobel-Ayoub M, Klapouszczak D, van Bakel MME, Horridge 
K, Sigurdardottir S, Himmelmann K, Arnaud C (2017) Prevalence 
and characteristics of autism spectrum disorders in children with 
cerebral palsy. Dev Med Child Neurol 59:738–742

 17. Craig F, Savino R, Trabacca A (2019) A systematic review of 
comorbidity between cerebral palsy, autism spectrum disorders 
and Attention Deficit Hyperactivity Disorder. Eur J Paediatric 
Neurol 23:31–42

 18. Påhlman M, Gillberg C, Himmelmann K (2019) One third of 
school-aged children with cerebral palsy have neuropsychi-
atric impairments in a population-based study. Acta Paediatr 
108:2048–2055

 19. Surveillance of cerebral palsy in Europe: a collaboration of cer-
ebral palsy surveys and registers. Surveillance of Cerebral Palsy 
in Europe (SCPE). (2000). Developmental Medicine and Child 
Neurology, 42, 816–824.

 20. Palisano RJ, Rosenbaum P, Bartlett D, Livingston MH (2008) 
Content validity of the expanded and revised gross motor func-
tion classification system. Dev Med Child Neurol 50:744–750

 21. American Psychiatric Association (2013) Diagnostic and sta-
tistical manual of mental disorders, 5th edn. Author, Arlington, 
TX

 22. World Health Organization (2007) International classification 
of diseases and health related problems, 10th edn. Genève, 
Switzerland

 23. Pennington L, Virella D, Mjøen T, da Graça Andrada M, Mur-
ray J, Colver A, Himmelmann K, Rackauskaite G, Greitane A, 
Prasauskiene A, Andersen G, de la Cruz J (2013) Development 
of The Viking Speech Scale to classify the speech of children 
with cerebral palsy. Res Dev Disabil 34:3202–3210

 24. Heiervang E, Stormark KM, Lundervold AJ, Heimann M, Good-
man R, Posserud MB, Ullebo AK, Plessen KJ, Bjelland I, Lie 
SA, Gillberg C (2007) Psychiatric disorders in Norwegian 8- 
to 10-year-olds: an epidemiological survey of prevalence, risk 
factors, and service use. J Am Acad Child Adolesc Psychiatry 
46:438–447

 25. Goodman R (1999) The extended version of the Strengths 
and Difficulties Questionnaire as a guide to child psychiatric 
caseness and consequent burden. J Child Psychol Psychiatry 
40:791–799

 26. Ullebø AK, Posserud MB, Heiervang E, Obel C, Gillberg C 
(2012) Prevalence of the ADHD phenotype in 7- to 9-year-old 
children: effects of informant, gender and non-participation. Soc 
Psychiatry Psychiatr Epidemiol 47:763–769

 27. Ehlers S, Gillberg C, Wing L (1999) A screening questionnaire for 
Asperger syndrome and other high-functioning autism spectrum 
disorders in school age children. J Autism Dev Disord 29:129–141

 28. Kopp S, Gillberg C (2011) The Autism Spectrum Screening Ques-
tionnaire (ASSQ)-Revised Extended Version (ASSQ-REV): an 
instrument for better capturing the autism phenotype in girls? A 
preliminary study involving 191 clinical cases and community 
controls. Res Dev Disabil 32:2875–2888

 29. Posserud MB, Lundervold AJ, Gillberg C (2006) Autistic fea-
tures in a total population of 7–9-year-old children assessed by 
the ASSQ (Autism Spectrum Screening Questionnaire). J Child 
Psychol Psychiatry 47:167–175

 30. Swanson JM, Kraemer HC, Hinshaw SP, Arnold LE, Conners CK, 
Abikoff HB, Clevenger W, Davies M, Elliott GR, Greenhill LL, 
Hechtman L, Hoza B, Jensen PS, March JS, Newcorn JH, Owens 
EB, Pelham WE, Schiller E, Severe JB, Simpson S, Vitiello B, 
Wells K, Wigal T, Wu M (2001) Clinical relevance of the primary 
findings of the MTA: success rates based on severity of ADHD 
and ODD symptoms at the end of treatment. J Am Acad Child 
Adolesc Psychiatry 40:168–179

 31. Einfeld SL, Tonge BJ (1995) The Developmental Behavior Check-
list: the development and validation of an instrument to assess 
behavioral and emotional disturbance in children and adolescents 
with mental retardation. J Autism Dev Disord 25:81–104

 32. Brereton AV, Tonge BJ, Mackinnon AJ, Einfeld SL (2002) Screen-
ing young people for autism with the developmental behavior 
checklist. J Am Acad Child Adolesc Psychiatry 41:1369–1375

 33. Gargaro BA, May T, Tonge BJ, Sheppard DM, Bradshaw JL, 
Rinehart NJ (2014) Using the DBC-P Hyperactivity Index to 
screen for ADHD in young people with autism and ADHD: a 
pilot study. Res Autism Spectrum Disorders 8:1008–1015

 34. Krug DA, Arick J, Almond P (1980) Behavior checklist for identi-
fying severely handicapped individuals with high levels of autistic 
behavior. J Child Psychol Psychiatry 21:221–229



1579European Child & Adolescent Psychiatry (2020) 29:1569–1579 

1 3

 35. Gillberg C (2010) The ESSENCE in child psychiatry: early Symp-
tomatic Syndromes Eliciting Neurodevelopmental Clinical Exami-
nations. Res Dev Disabil 31:1543–1551

 36. Nygren G, Cederlund M, Sandberg E, Gillstedt F, Arvidsson 
T, Gillberg IC, Westman Andersson G, Gillberg C (2012) The 
prevalence of autism spectrum disorders in toddlers: a population 

study of 2-year-old Swedish children. J Autism Dev Disord 
42:1491–1497

 37. Epstein JN, Langberg JM, Lichtenstein PK, Altaye M, Brinkman 
WB, House K, Stark LJ (2010) Attention-deficit/hyperactivity dis-
order outcomes for children treated in community-based pediatric 
settings. Arch Pediatr Adolesc Med 164:160–165



© The Author(s) 2020. This work is published under
http://creativecommons.org/licenses/by/4.0/(the “License”). Notwithstanding

the ProQuest Terms and Conditions, you may use this content in accordance
with the terms of the License.


	Autism spectrum disorder and attention-deficithyperactivity disorder in children with cerebral palsy: results from screening in a population-based group
	Abstract
	Introduction
	Methods
	Participants
	Procedure
	Assessments
	Ethics
	Statistical analysis

	Results
	Positive screening
	Associated characteristics

	Discussion
	Strengths and limitations
	Implications

	Conclusion
	Acknowledgements 
	References




