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ABSTRACT
Objectives: Examine the prevalence and type of Autism Spectrum Disorder (ASD) and Attention-

Methods: 

-

with parent(s), an evaluation of the individual including psychiatric assessment, physical examination, 

Questionnaire, the Conners Brief Parent Rating Scale, the Child Behavior Checklist, and the Five 
-

chiatrist according to the DSM-IV taking the results of the various examinations (interview, medical 

Results: 

-

-

Discussion and conclusions: 
-

-
ropsychiatric assessment, including neuropsychological testing, should be performed in all cases of 
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Introduction

INTRODUCTION

-

-

Historical background   

syndromes, namely DiGeorges Syndrome (DGS), Velo-Cardio-Facial Syndrome 

-

The genetics of 22q11DS
-
-

have the deletion meaning that there are some individuals where the deletion is not 

de novo

-

-

The “physical phenotype” of 22q11DS 

-

-

D



Introduction

) -

-

very common features of the syndrome and is found in patients with or without 

-

appearance and is characterised by a prominent nose, a broad nasal bridge, bul-

The “behavioural phenotype” of 22q11DS
-

tern, including cognitive processes and social interaction style, consistently asso-

Finegan suggests that knowledge gained in research in behavioural phenotypes 
can play a critical role in syndrome delineation, illuminating intrasyndrome vari-
ability, understanding intersyndrome similarities and differences, understanding 
brain-behaviour relationships and the genetic bases of behaviour, and informing 

-
-

characteristic behavioural phenotype regarding intelligence, language, behaviour, 

-
ing from shyness and social withdrawal on the one hand to and impulsivity and 

-

be social relationship problems (especially problems in relation with peers), with-

of children with learning disability and speech-language impairment, the only dif-

Neuropsychiatric disorders 

researched neuropsychiatric disorders are Autism Spectrum Disorder (ASD) and 
.
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DSM-IV 
Autistic disorder 

(1) qualitative impairment in social interaction
(a) marked impairment in the use of multiple nonverbal behaviours such 

regulate social interaction
(b) failure to develop peer relationships appropriate to developmental 
level

(d) lack of social and emotional reciprocity

(2) qualitative impairments in communication
(a) delay in, or total lack of, the development of spoken language (not 
accompanied by an attempt to compensate through alternative modes of 
communication such as     gesture or mime)

to initiate or sustain a conversation with others
(c) stereotyped and repetitive use of language or idiosyncratic language
(d) lack of varied, spontaneous make-believe play or social imitative play 
appropriate to developmental level

(3) restricted repetitive and stereotyped patterns of behaviour, inter-
ests, and activities
(a) encompassing preoccupation with one or more stereotyped  and re-
stricted patterns of interest that is abnormal either in intensity or focus

and rituals
-

ping or twisting, or complex whole-body movements)

DSM-IV criteria 
for PDD-NOS

-
pairment in the development of reciprocal social interaction or verbal and 
nonverbal communication skills, or when stereotyped behaviour, inter-

-

criteria for atypical 
autism

Autistic disorder’s social interaction criterion met plus a total of at least 4 
symptoms but not full criteria for Autistic disorder or Gillberg’s Asperg-
er syndrome met

Table 1. Diagnostic criteria for DSM-IV autistic disorder, DSM-IV PDD-NOS, 
and Gillberg ś atypical autism

ASD
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-

Asperger syndrome is instead diagnosed according to criteria formulated by Gill-

Table 2. Diagnostic criteria for Gillberg’s Asperger syndrome 

Asperger syndrome 
criteria

the following) 
-inability to interact with peers 
-lack of desire to interact with peers 
-lack of appreciation of social cues 
-socially and emotionally inappropriate behaviour 

-exclusion of other activities     
-repetitive adherence more rote than meaning 

-on self, in aspects of life 
-on others 

-
layed development 

-formal, pedantic language 
-odd prosody, peculiar voice characteristics

implied meanings 

-limited use of gestures 

-limited facial expression -inappropriate expression 

-poor performance on neuro-developmental examination
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AD/HD
-

-

Table 3. Diagnostic criteria for DSM-IV AD/HD

Inattention
(six or more)

Hyperactivity /Impulsivity  
(six or more)

often fails to give close attention to details 
or makes careless mistakes in schoolwork, 
work, or other activities

in seat 

tasks or play activities
often leaves seat in classroom or in other 
situations in which remaining seated is ex-
pected

often does not seem to listen when spoken 
to directly 

often runs about or climbs excessively in 
situations in which it is inappropriate (in 
adolescents or adults, may be limited to sub-

often does not follow through on instruc-

or duties in the workplace
-

tivities 
is often "on the go" or often acts as if "driven 
by a motor"

often avoids, dislikes, or is reluctant to en-

effort (such as schoolwork or homework) 

often talks excessively

often loses things necessary for tasks or ac-
-

cils, books, or tools) 
have been completed *

is often easily distracted by extraneous 
stimuli 
is often forgetful in daily activities 

butts into conversations or games) *

-
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Learning Disability
-

ASD in 22q11DS

initiating and maintaining social interactions, and limited facial expressions, are 

met criteria for ASD, but only one individual met criteria for autistic disorder 

be considered to be main elements in the behavioural phenotype of children with 

-
lowed by ADI-R (Autism Diagnostic Interview-Revised) assessment in those with 

-

the whole group) a diagnosis of autistic disorder was considered appropriate (Fine 

-

AD/HD in 22q11DS 

-

and performance) and had similar average degree of severity of facial dysmor-
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-

Other psychiatric diagnoses in 22q11DS
Psychiatric disorders have been reported as co-occurring to ASD but have also 

-
-

-

criteria for bipolar spectrum disorders with full syndromal onset in late childhood 
-

-

-
went a baseline evaluation and after 5 years they underwent a follow-up evaluation 

-

baseline sub threshold psychotic symptoms interacted with baseline symptoms of 

-

by their parent as more anxious-depressed and withdrawn, with reduced adaptive 

-

thought and conduct problems) compared with only one (conduct problem) in the 
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The neuropsychology of 22q11DS
Assessing intellectual and developmental levels

and the WAIS separate statistical factors can be derived as suggested by Kauf-

Comprehension and Similarities), Perceptual Organisation (Picture Completion, 
 Dis-

group developmental scales have to be used for assessment of overall function-

 

-

visual-perceptual abilities have not been highlighted in the same way so far, even 

-
-
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cient visuospatial skills, poor visual attention and problems with processing of new 

compared with controls, on test of visual attentional orienting, visual enumeration 

Intellectual level in relation to gender and age in 22q11DS

-

Developmental aspects in 22q11DS

including speech and language, cognition and motor skills have been found (Gerdes 

more impaired than receptive language even after controlling for general intellec-

and could not be explained by physical anomalies or therapeutic interventions such 

-

Visuomotor integration skills

boards, block construction, geometric designs, bilateral integration and tactile dis-

-

Executive functions
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Areas included in executive function are planning, generation of strategies for 
-

Planning ability

-

-

Attention ability

-

duration of an individuals response to a task stimulus; 2) focus-execute attention, 
-

tion is the ability to change focus in an adaptive manner; and 4) encode attention, 
-
-

Social and empathy skills

reported to have problems with communication, social interaction initiation and de-

22q11DS in Sweden

Many aspects of the syndrome have been covered, including neuropsychiatric, 
neurologic, neurodevelopmental, cardiologic, immunologic, speech and language 



Introduction

-





Aims

AIMS OF THE PRESENT THESIS

· investigate executive functions, with a particular focus on attention  and 
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Methods

METHODS 

-
-

Subjects

One hundred individuals were included in each of two of the substudies (II and 

Table 4. Cases examined in each of the four substudies (I-IV)

Substudy I
“Preliminary”

II
“Neuro-
psychiatry”

III
“Attention”

VI
“Neuro-
psychology”

-

Neuro-

Neuro-
psycholgical 

Learning 
Disability and 
Behaviour 
Problems in 

Children with 
psychology 

A Clinical 

n examined

Age range years
s

Paper I (Preliminary)
n=20

Paper III (Attention) n=30  

Paper II (Neuropsychiatry)
and IV  (Neuropsychology)
n=100

20 80 100

Figure 1. Participants in paper I-IV
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Substudy I

-

Substudy II and IV

-

Various aspects of the syndrome were covered, including neurospychiatric, neu-
rologic, neurodevelopmental, cardiologic, immunologic, speech and language, ear 

Age and gender

                                      

Background information regarding the substudy groups II and IV
-

Table 5. Age range and gender of 100 individuals with 22q11DS

Age range years All
n=100

Female
n=58

Male
n=42

22

22
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Methods

-
within  the 

-

Substudy III

Methods 

and a psychologist worked closely together in order to make this evaluation as 

the neuropsychological evaluation or together with the parents (in cases of young 
-

viewed the parents separately and examined the child alone or together with the 

saw the parents and their child together (or - in the case of adult patients - the adults 

diagnostic process all information from different examinations was considered 
important in the clinical evaluation of the individual, although neither the neuro-

-

Methods used in all substudies (I-IV)

two senior, experienced CNC clinicians (Christopher Gillberg and Peder Rasmus-

Neuropsychiatric assessment
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heredity; medical factors pertaining to pregnancy, parturition, and the neonatal 
period; child’s early psychomotor and speech-language development and adapta-
tion; physical health problems; behaviour; sustained attention and impulse control; 

-

child or adult affected included psychiatric assessment, a general thorough physi-

Questionnaires used 

ASSQ

-

Conners BPRS 

 

CBCL 

-
matic complaints, anxious, social problems, thought problems, attention problems, 

-

related to behavioural or developmental problems, yields a range of possible mean 
-
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Neuropsychological assessment
-

-

A semistructured behavioural observation of all participants was performed dur-
-

tention, activity level and impulse control, social interaction, cooperation, emo-

-
-

-

-

Verbal Comprehension (comprising the subtests Information, Vocabulary, Com-
prehension and Similarities), Perceptual Organisation (Picture Completion, Pic-

Distract-
ibility (Arithmetic and Digit Span), and Processing Speed on WISC-III (Coding 

In two cases FSIQ could not be established due to severe medical problems in 
-

ate and severe mental retardation, respectively), parts of the Vineland Adaptive 

Visuomotor integration skill
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Methods used in some substudies
Executive function 

 (III)
Four of the WISC-III subtests are considered to measure the focus and encode 

(included in the Kaufman factor Freedom from Distractibility) and Coding and 

 (III)
Attention, with special focus on the ability to sustain attention, was measured by 

-

conditions (visual and auditory) and in both conditions reaction times, omissions 

 (IV)

Planning ability (I and IV)

pierced coloured beads from an initial position on two upright sticks to a new set of 

-

  (I and II)

-
cluded children performed the Baron-Cohen Picture arrangement test and one the 
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performed  the Strange Stories and three, due to low mental age, the Baron Cohen 

these performed Non-mental and Mental Cartoons and one was given the Strange 

Neuropsychiatric diagnostic process 
ASD and AD/HD diagnoses

taking the results of the various examinations (interview, medical examinations, 
-

stereotyped behaviour) and had a total symptom score for autistic disorder of 4 or 

given that these manuals do not supply an exact symptom algorithm, we felt the 

LD/MR diagnosis
and func-

IQ

Ethics
-

Statistical methods 



Methods

(III) For variables where age norms are available raw scores have been trans-

(IV) For variables where age norms are available raw scores were transformed into 
-



Results

RESULTS

Neuropsychiatric and neuropsychologic aspects in the preliminary 
study (I)
As can be seen under the results reported for substudies II and IV, it is clear that the 

st century 

ASD/AD/HD and other psychiatric diagnoses

Behaviour according to questionnaires

problem scores were found in the clusters Attention problems, Aggressive behav-

Intellectual ability
IQ

Correlations between FSIQ and neuropsychiatric diagnoses, age and gender

-
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Visuomotor integration skill

III there were three children who had a marked discrepancy (lower VMI-result), 

Schooling

children needed at least part-time support by an assistant or to attend a small group 

“Theory of Mind” test
-

Figure 2. Distribution with regard to difference between Verbal IQ (VIQ) and 
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Autism, AD/HD and LD in the larger 100 cohort: “neuropsychiatry” (II)
Overall prevalence of ASD and AD/HD and overlap of ASD/AD/HD
Sixty-seven individuals had either ASD, AD/HD, LD or a combination of these 
diagnoses while the remainder (33 individuals) did not meet criteria for any of 
these diagnoses. There were 23 individuals with LD without ASD/AD/HD mean-
ing that 44 individuals met criteria for ASD, AD/HD or a combination of the two 
with or without LD. Thirty individuals met criteria for AD/HD, 23 for ASD and 9 
individuals had a combination of those two diagnoses. In the group with AD/HD 
16 individuals had AD/HD the inattentive subtype while 14 individuals had the 
combined type. Five children had autistic disorder, 17 autistic-like condition and 
one Asperger syndrome of the group with ASD. In the ASD group two individuals 
with Autistic disorder and 7 with autistic-like condition also had AD/HD. In the 
group of 9 individuals with ASD+AD/HD 8 had AD/HD combined type and only 

or hearing impairment.

Fifty-one individuals had LD. The majority had mild LD, 8 moderate LD, and 1 
severe LD (IQ<35). Mean IQ, for the 82 individuals assessed with the Wechsler 
scales, was 71 (SD 15).

ADHD+ASD
n=9

ADHD
only
n=21 ASD

only
n=14

ADHD/AD

n=15
n=1

ADHD/HD

n=6
n=8

Autistic
disorder

n=3
n=2

Autistic-like
condition

n=10
n=7

Asperger
syndrome

n=1
n=0

Figure 3. ASD, AD/HD and the overlap of these diagnoses

All shaded areas indicate AD/HD in combination with ASD. 
AD/HD/AD=AD/HD inattentive subtype
AD/HD/HD=AD/HD combined subtype
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ASD diagnosis related to referral source
20 -

ASD, AD/HD, and LD related to age

ASD/AD/HD and LD in relation to gender
3

-

Other  psychiatric/neurodevelopmental diagnoses related to age
-

adult met criteria for depression but another 4 had a history of medication treated 

Diagnosis All

n=100

Age range

n=22

Age range
6-11 years
n=40

Age range
12-16 years
n=22

Age range

n=16
2 4

4 4
2 5

Autistic disorder 5
Autistic-Like Condition 4 4
Asperger syndrome
Mild MR 42 8
Moderate MR 8 2 5
Severe MR

Table 6. ASD, AD/HD, and LD related to age 
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DSM-IV triad domains (Autistic disorder) in 23 individuals with ASD 

DSM-IV symptom cluster domains (AD/HD) in 30 individuals with AD/HD 
) were much more commonly endorsed 

Overall clinical impression
-

Questionnarie results

ASSQ

-

-

Conners BPRS
). Forty-four individuals 



CBCL

FTF

Figure 4. CBCL

-
-



Figure 5.

Questionnaire results in relation to ASD/AD/HD and gender

the ASSQ, Conners BPRS, or CBCL

ASD, AD/HD and/or LD

individuals had ASD, one child autistic disorder and 7 autistic-like condition (of 

-



Intellectual ability and its relation to diagnostic subgroups in the Attention 

-

Attention functions
Focus-encode attention

 and .

Sustain attention

-
groups

Factor AD/HD

n=9

AD/HD
+ASD
n=4

ASD

n=4

MR

n=3

ND*

n=10

All

n=30
FSIQ   

VIQ

PIQ

Kaufman factors
Verbal 
Comprehension

Perceptual
Organisation

Freedom
from 
Distractibility
Processing 
Speed



T -

-

Behaviour according to questionnaires
CBCL

th centile for the 
-

Table 8. Becker test results in 30 children with 22q11 deletion syndrome 

Fac-
tor

AD/HD
“only”

AD/HD
+ASD
n=3

ASD
“only”
n=4 (3)*

MR

n=3

ND

n=10

All

n=29 (26)*

ns ns ns ns 2

Omiss - - - - -
Comm ns

2 ns ns ns 2

Omis     -
Comm

2 ns ns ns ns 2

Omiss
Comm

2 ns ns ns ns 2

Omiss - (-)
Comm

rank sum test)
( ) 2 ns
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Conners BPRS

The neuropsychology of 22q11DS (IV)

General intellectual/developmental ability

,

Variable n mean 95% CI
Developmental Quotient
   Females 8
   Males
Motor 85
Personal-Social

67 3
85 9

Performance
Practical Reasoning 66.8



The Wechsler scales

Intelligence and gender
-
-

lar gender differences were found for all subtests within the factors Verbal Com-
prehension and Processing Speed, for one subtest within Perceptual Organisation 

-

For the whole group the Perceptual Organisation factor yielded uniformly poor 

better than those on the Perceptual Organisation factor and the Freedom from Dis-

group (including in all the subgroups), the highest and lowest results were found 
for Vocabulary and Information, respectively (both these subtests are included in 

-

22q11

20 40 60 80 100 120 140

Total FSIQ

Expected
normal

Figure 6. -
pected normal
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Table 10. Wechsler scales results and gender effects for the whole group of 
tested individuals (n=84)

Variable All 
mean*        (n)

Females
mean*          (n)

Males
mean*         (n)

Females:
Males
p-value

FSIQ            (82) 64.6
68 9

VIQ           (82) 80.3

PIQ 69.8           (84)              (48) 65.0

Verbal Comprehension

    Vocabulary
    Similarities
    Comprehension
    Information

6.8
6.0 .7

5.9
5.1

83.3

5.8

5.8
5.0
5.0
4.3

Perceptual Organization

    Picture Completion

    Block Design
    Picture Arrangement

5.9
5.6
5.1
5.0

5.8
5.8
5.8
5.0

4.5
3.8
4.2
4.9

Freedom from
Distractibility
    Digit Span
    Arithmetic   

6.1
5.5

6.8
5.9

5.2

Processing Speed

    Symbol Search
    Coding

           (54)

6.0

81.5 68.8             (25)

4.6
3.6
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Table 11. Wechsler scale results by ASD/ADHD and LD in 84 cases with 
22q11DS tested

Variable ASD/ADHD
-LD        
mean*             (n)
n=16

No ASD/ADHD
-LD 
mean*             (n) 
n=33 

ASD/ADHD
+ LD
mean*             (n)         
 n=28

No ASD/ADHD
+LD 
mean*            (n)                   
n=23

FSIQ 84.0              (27) 60.1 56.5

VIQ 88.9               (27)      66.1 62.4

PIQ 81.9               (27) 60.8               (22)

Verbal 
Comprehension
Vocabulary
Similarities
Comprehension
Information

8.5

8.3
6.9

89.6

9.3

8.3

69.9

5.2
4.6
4.1
3.8

4.1
3.6
3.5
2.5

Perceptual 
Organization
Picture Completion

Block Design
Picture Arrangement

80.0

6.1

6.9
6.3

83.5
9 9

8.1
6.9

3.5
2.9
3.3
3.4

61.3

3.0
2.5
3.3

Freedom from 
Distractibility
Digit Span
Arithmetic   

80.6

6.9
6.1

86.3
90 5

69.1
2

5.6
3.9

4.1
3.6

Processing Speed

Symbol Search
Coding

84.1

6.6

86.3

8.3
6.9

63.9

4.2
2.3

65.9

3.5
3.1



FSIQ and age
Lower FSIQ was found for those with higher age (WAIS-R-tested) compared to 
those of lower age (WPPSI-tested) (p

the Wechsler test groups and found that it was only in  the WISC-III-tested group 

Visuomotor integration skill

-

in the group No 

Executive function – children
Planning ability 

-

Attention function

For the whole group of 27 children who were in the age range for the normative 

Table 12.  FSIQ by type of Wechsler test and in correlation to age

Test N Mean SD 95% CI Correlation 
age-FSIQ

p-value

WPPSI-R
WISC-III 54
WAIS-R
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Executive function – adults

Attention function

Planning ability

those of the following 80 individuals reported as part of the larger 
cohort of 100 (II, IV)

-

-

One contributing factor to this result could be that 4 of the 8 individuals referred 

-

problem scores in the clusters Attention problems, Aggressive behaviour and So-
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-



Discussion

DISCUSSION

-

was a wide variety of behaviour problems (regardless of diagnostic category), and 

-

had higher FSIQ than males, and there was a negative correlation between age 

of visual stimuli, non-verbal reasoning, visuospatial and visuomotor skills), and 
the best result was demonstrated for the Verbal Comprehension factor (mainly 

-

-

-
-

subgroup of 8 were referred directly to the Child Neuropsychiatric Clinic (CNC) 
-

tidisciplinary team referrals) is probably as close to a general population sample 



Discussion

included which would argue in favour of these results being representative for 

Another explanation for bias in the Preliminary study could be that when starting 
-

Prevalence and type of ASD and AD/HD 
-

pared with the rate of about one in a hundred in the general population (Wing, 

.
-

.

study was lower than the rate that we found and much lower in comparison with 

by Antshel was much higher than the one we found and higher than the rates found 

all three studies the diagnosis of ASD was made according to the results of ADI-R 

-
-
-
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the rate of classic autism in our study was extremely low, given the high prevalence 
-

-

-

-
tive ability and speech and language impairment showed similar problems with 
respect to problematic social interaction (as well poor attention and anxiety) as 

-

-

-
tion ability and lead to problems in understanding other people’s non-verbal com-

and socially outgoing, even though a small subgroup in this genetic syndrome 

-
ter reduction in the cerebellum, and white matter reductions in the frontal lobe, 
cerebellum and internal capsula were found in a recent study using advanced MRI 
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-

rate found in our group was about the same that has been reported in these other 

-

intellectual ability in the low normal range, which, in combination with different 
-

-

-

Behaviour according to questionnaires and clinical observation (II)

-

expression and speech problems, which we have suggested might have a nega-

clinically observed behaviours including withdrawal, shyness, person-dependence 

-

for aggressive behaviour given that the impression at clinical consultation often is 



Discussion

-

Interestingly, unlike the situation in the general population of children, we did not 

Neuropsychological functioning 
General intellectual/developmental ability and profile and visuomotor 
integration skills (IV)

In the preschool years delayed speech and language development are well docu-

were analysed according to the Kaufman statistically derived factors the highest 

when analysing the subtest results within the Verbal Comprehension factor we 

the result of this factor less solid and the result must therefore be interpreted with 

In contrast to our results, Moss found the highest score on the subtests Informa-
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-
cits in the integration of visual stimuli, non-verbal reasoning, visual-spatial and 

In the study by Bearden the impairment in visual-spatial information processing 

as in earlier studies, the reading and spelling ability exceed the mathematic ability 
-

-
ated the academic achievements but from our clinical experience we have found 

Executive functions (I, III, IV)
Attention ability and planning ability 

they can focus on important stimuli while suppressing awareness of distracting 

The impact of ASD, AD/HD and age on neuropsychological functions 
-
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-

better than males, were found and in accordance with the gender differences found 

-

Gender aspects
-

have a higher threshold than boys for the level of liability needed to manifest cog-

-

a negative correlation between age and FSIQ for both females and males in the 

-

First, of course, the females were slightly overrepresented among individuals with 
-



Discussion

age (if this had been the reason for the overrepresentation at low ages) would - logi-

this explanation, and, if anything, girls are underrepresented or even ignored by 

better intellectual level of functioning in females, it is even more surprising that 

overrepresentation of males that is to be expected in these diagnostic categories 

general population where such diagnoses are extremely overrepresented among 

-
-

group was more irritable and dependent and less emotionally stable than the oth-

showed high rates of social problems, attention problems, aggressive behaviour 

done, including a neuropsychological assessment, need to be performed in groups 

Strengths and limitations

perform neuropsychological and neuropsychiatric evaluations in a large group of 

and also that the same psychologist (LN) made the neuropsychological assess-
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have been validated and normed both internationally and in the context of young 

as the ADI or the ADOS (both of which have been validated against the clinical 

and, therefore, any conclusions drawn regarding adults on the basis of the present 

Research implications

-

-

-

-

what type of dysfunctions - if any - found in children might be precursor symp-

LD diagnosed in childhood and the rate and type of psychiatric illness appearing 
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I also found that within the group of school-aged children lower FSIQ was pres-

would not be appropriate at this stage to conclude that IQ declines with age during 

need for research regarding older adolescents and adults with the syndrome so that 

-
-

cal implications for awareness of the phenotype and for the ongoing care and for 

One important study that needs to be done is the follow-up of the individuals in-

Clinical implications
I found a large variability regarding behavioural, psychiatric, and cognitive pro-

-
bination of these diagnoses, even though the rate of classic autism was relatively 

-

range of intellectual functioning resulting in learning problems and need for edu-

of behavioural problems indicates the need for individualised support in school, 
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