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Chapter 1

Introduction
When a child is diagnosed with the 22q11.2-deletion syndrome (22q11DS), one of the first
questions parents ask, is what they can expect about the development of their child. As every
child follows his or her own unique trajectory, no individual prognosis can be given. However,
this study aimed at gaining insight into the ‘normal’ psychological development of a child with
this particular syndrome. This is typically what most parents want to know.
In the year 2000, when our study started, the question about the development of a child
with 22q11DS was hard to answer. Cross sectional studies reported on speech problems and
developmental delay,1-3 but not much was known about the longitudinal behavioral and cognitive
trajectories in individual children.
Josien A. Heineman-de Boer,a clinical psychologist and Frits A. Beemer, clinical geneticist
in the University Medical Center Utrecht (UMCU), The Netherlands, were involved in the
clinical care for these patients. Thanks to their effort and commitment a study on the cognitive
and behavioral aspects of the syndrome was initiated in our country. In the year 2000 the first
patients were included on a national basis to systematically examine the cognitive and behavioral
functioning of children with the 22q11DS at set ages.

22q11.2-deletion syndrome
The 22q11.2-deletion syndrome is a genetic disorder caused by a deletion of the long arm of
chromosome 22, band 11, subband 22. In 1978 Shprintzen coined the term Velo-cardio-facial
syndrome (VCFS).3 Other terms such as Shprintzen syndrome or DiGeorge syndrome have also
been used. In approximately 90% of cases the syndrome is a de-novo mutation, only affecting the
child, while both parents do not have the deletion. Due to the autosomal dominant inheritance
of the deletion any person with the deletion has a 50% chance to transmit the deletion to his
or her offspring; the clinical features of the latter can differ greatly from those of the parent
with the deletion. The syndrome equally affects males and females.
Based on literature, the estimated prevalence is approximately 1 in 4000 live births.4 This
would result in 45–52 new-borns per year in The Netherlands.5 The actual occurrence may
be higher because of variable expressivity.6 The phenotype includes more than 180 structural
and functional anomalies.7 Most children have hypernasal speech as a result of a cleft palate or
velopharyngeal insufficiency (VPI) and severe delays in speech and language development are
often reported.8 About 60% of children have a congenital cardiac defect, such as tetralogy of
a

1947–2006
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Fallot, ventricular septal defect, atrial septal defect. Characteristic facial features are commonly
reported and include almond shaped eyes, small ears, low implant of the ears, protuberant ears,
anomalies of helices or ear lobes, or ear tags. Patients often have a characteristic prominent
nasal root and a bulbous nasal tip.
Besides the variable physical features, the neurocognitive profile is also highly variable between
individuals. At the start of this study in 2000, it was known from literature that the phenotype
was characterized by delays in motor development (often with hypotonia), speech and language,
and cognitive development.1,3,9-11 The level of intelligence falls in the borderline range (IQ:
70–84) for the majority of patients with 22q11DS and about one-third has mild to moderate
intellectual disability.12 More severe levels of intellectual disability are uncommon in children
and adolescents but are more frequent in adults.13
Just before the year 2000 the first articles were published on the high rates of schizophrenia in
adults with 22q11DS.14,15 In the course of the last decennium, the psychiatric phenotype became
more clear, partly as a result of the collaboration of the Brain-Behavior Consortium.b Patients
with 22q11DS are at increased risk for a variety of psychiatric problems, including disorders
of attention deficit and hyperactivity, autism spectrum and anxiety.16
To confirm a clinical diagnosis, genetic testing using fluorescence in situ hybridization (FISH),
multiplex ligation-dependent probe amplification (MLPA) or microarray is needed.17

Behavior
The majority of children with 22q11DS have learning difficulties or intellectual disabilities. As
children or adolescents with intellectual disabilities in general are at a 3–7 times higher risk of
developing emotional and behavioral problems , it is expected that children with 22q11DS -as
a group- display more behavioral problems.18-20 We studied if there is a correlation between
the cognitive level and the reported behavioral problems.
Characteristic behaviors that are considered to be linked to a syndrome are also known as
‘behavioral phenotypes’. People with Down syndrome have for example been described as
charming, affectionate, outgoing, cheerful, happy, and sociable.21,21,22 Prader-Willi syndrome
is frequently associated with an extreme and insatiable appetite and children with Angelman
syndrome show paroxysms of laughter.23,24 In this study we explore if a distinctive behavioral
phenotype can be found for children or adolescents with the 22q11DS.
b

The international brain-behavior consortium is an international group of more than 100 scientists from 22 sites
who share data on patients with 22q11DS.

9
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Research questions
Sasja Duijff published the first results of this longitudinal study in her doctoral thesis (2012)
focussing on the development of intelligence in children with 22q11DS from infancy to puberty.
Although there is an overlap between her research and the research described in this thesis,
the focus of this thesis will be more on the behavioral development of these children and
adolescents. The main research questions for this thesis are: is there a distinctive behavioral
phenotype for children with 22q11DS, does it change over time and is there a relationship
between behavior and intelligence?

Study design
The study was designed as a prospective, longitudinal study in which children were assessed at
set ages (Table 1.1). Parents and teachers were asked to fill out forms about the child’s behavior
at home or in school and the child’s cognitive development was monitored every other year at
the Pediatric Psychology Department of the Wilhelmina Children’s Hospital/UMCU in Utrecht,
The Netherlands. A close collaboration existed with the department of Child Psychiatry of the
UMCU, where the child could have a psychiatric evaluation between 9½ and 15½ years. Data
were collected between 2000 and 2011.

Table 1.1

Assessment battery

Age at assessment

Developmental test/
Intelligence test

Behavioral Checklist
parents

Behavioral Checklist
caregivers/teachers

1½ years

BSID-II-NL

CBCL 1½–5

TRF 1½–5

3½ years

BSID-II-NL

CBCL 1½–5

TRF 1½–5

5½ years

WPPSI-R/SON 2½-7

CBCL 1½–5

TRF 1½–5

7½ years

WISC-RN/WISC-III-NL

CBCL 4–18 / CBCL 6–18

TRF 4–18 / TRF 6–18

9½ years

WISC-RN/WISC-III-NL

CBCL 4–18 / CBCL 6–18

TRF 4–18 / TRF 6–18

15½ years

WISC-RN/WISC-III-NL

CBCL 4–18 / CBCL 6–18

TRF 4–18 / TRF 6–18

Recruitment
Participants were recruited through referrals from genetic counsellors, specialists at cleft
clinics and/ or pediatric cardiologists from hospitals throughout The Netherlands or through
postings on the website of the Dutch parent support group VCFS/ 22q11 (http://www.vcfs.nl).

10
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This website is freely accessible to the public. Inclusion criterion was the presence of a 22q11.2
deletion confirmed by a genetic test. The assessment protocol was approved by the Dutch
Medical Ethical Review Committee (M.E.T.C.). Written informed consent was obtained from
all parents or legal guardians.

Participants
The study included 281 children, 122 (43.4%) males and 159 (56.6%) females. For 254 patients,
information regarding parental deletion status was available. Fourteen children had a familial
deletion (5 fathers and 9 mothers were affected), while 240 had a de novo deletion.
The participants in our study showed a variety of physical characteristics. Although there was
no systematic physical evaluation, information from their medical files can be found in Tables
1.2–1.5 as it gives insight into the physical phenotype of the study group. As a result of the lack
of a systematic evaluation, the actual numbers may be higher. The information needs to be
interpreted with caution, as it was written down by a large number of medical specialists and
describes children of various ages.

Outline of the thesis
Chapter 2. In this chapter we describe the behavioral characteristics of 90 children with 22q11DS
aged between 1½–5 years. Their behavior is being compared with the behavior of children with
a cleft palate, but without a syndrome, since both groups are expected to have speech problems.
In the group of children with 22q11DS we explore the effect of having speech problems or
developmental delay on behavior.
Chapter 3. The behavioral profile of children aged 4–16 by parents and by teachers was studied.
Do parents and teachers report the same behavioral phenotype or do children with 22q11DS
act differently at school than they do at home?
Chapter 4. In the study described in this chapter, we followed the cognitive development
of 65 children from the age of 5½ to 9½ years. The developmental course of intelligence in
young children with 22q11DS is highly relevant given the increased risk of schizophrenia in
22q11DS patients and the observed premorbid decline in cognitive abilities associated with
schizophrenia in the general population. If, as literature suggests, cognitive abilities decline
with age in 22q11DS children, this implies that one or several genes within the 22q11.2 region
are possibly related to cognitive deterioration during childhood. We investigated whether any

11
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observed decrease in IQ was due to growing into deficit, or rather a result of an absolute decline
in cognitive capabilities.
Chapter 5. In this chapter the cognitive and behavioral development as children with 22q11DS
transit from childhood into adolescence was studied. Fifty-three children with 22q11DS were
assessed at age 9½ years and 15.3 years. In addition, in about a third of the children in this
group (n = 16) intelligence data obtained at age 7½ years were also available. Both subtest
scaled scores and subtest raw scores were analysed.
Chapter 6. In this chapter we looked at the modulating impact of the parental level of intelligence
on the severity of the cognitive impairment of the child.
Chapter 7. In the Summary and general discussion the findings of the various chapters of
this thesis are integrated and discussed. Also recommendations for future research on and
psychological care of patients with 22q11DS are discussed.

Table 1.2

Dysmorphic features (n = 281)

Craniofacial findings

N

%

218

78

Face

85

30

Elongated face

65

23

Micro-/retrognathia*

29

10

Eyes

109

39

Almond shaped eyes

95

34

Hypertelorism

25

9

Ears

147

52

Small ears

78

28

Low implant

51

18

Protuberant ears

52

19

Ear anomaliesa

21

8

Noseb

161

57

Limb findings

84

30

Long/tapered digits*

75

27

Polydactyly

6

2

Syndactyly

4

1

Anomalies of helices or ear lobes, ear tags.
Prominent nasal root, bulbous nasal tip.
* More often found in girls (p < 0.05).

a

b
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Chap1_Petra.indd 12

3-1-2015 14:27:21

General introduction

Table 1.3

Congenital malformations of the palate (n = 79/281)
N

a

%

Cleft lip

4

1

Cleft palate, durum

3

4

Cleft palate, molle

22

28

Cleft palate, submucosal

27

34

Uvula bifidaa

33

42

N

%

Without cleft palate.

Table 1.4

Congenital heart defects (n = 281)

Ventricular septal defect

78

28

Tetralogy of Fallot

39

14

Atrial septal defect

37

13

Pulmonary atresia

32

11

Right sided descending aorta

26

9

Patent ductus arteriosis

22

8

Interrupted aortic arch type B

20

7

Truncus arteriosis

11

4

Aortic valve anomalies

10

4

Other anomalies

a

Normal

30

11

117

42

Double aortic arch, coarctation of the aorta, aberrant subclavian arteries, congenital heart disease not
otherwise specified.

a

Table 1.5

Skeletal anomalies (n = 94/281)

Scoliosis

N

%

38

40

Scapular deformation

5

5

Talipes equinovarus

38

40

Pes planus

17

18

Hammer toes

9

10

Hyperextensible joints

20

21

13
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ABSTRACT
Children with the 22q11.2 deletion syndrome (22q11DS) are at an increased risk of psychiatric
problems from pre-adolescence; little is known, however, about behavioral problems at a
preschool age and the relationship between speech and behavior in this group. Parents of
90 children (aged 1.42–5.99 years) with 22q11DS filled out the Child Behavior Checklist
(CBCL), documenting behaviors including speech problems. Their profiles were compared
with those of a comparison group consisting of 33 children with nonsyndromic orofacial clefts
without 22q11DS, since both children with 22q11DS and children with clefts are expected to
have speech problems. In the 22q11DS group, data on intelligence was acquired by means of
formal tests. Parents of children with 22q11DS reported significantly higher mean scores on
withdrawn behavior, affective problems and pervasive developmental problems compared to
children with non-syndromic clefts. Approximately 30% of children with 22q11DS had a score
above the 97th percentile on at least one of the behavior subscales, indicating psychopathology.
In children with 22q11DS the reported behavioral problems were not associated with speech
problems. Behavioral problems were found in 30% of young children with 22q11DS and were
unlikely to be caused by speech problems. Within the 22q11DS group, behavioral problems
were not related to the degree of cognitive impairment. This shows that many children with
22q11DS, known to be at an increased risk of psychiatric problems from pre-adolescence,
already show behavioral problems before the age of six years.

18
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INTRODUCTION
The 22q11.2 deletion syndrome (22q11DS) is caused by a deletion on the long arm of
chromosome 22 and affects approximately 1:4,000 live births.1 The phenotype is variable and
includes more than 180 structural and functional anomalies,2 such as palatal abnormalities,
cardiac defects, hypocalcaemia, growth delay, and characteristic facies.3,4 In addition, learning
difficulties,5,6 severe delays in speech and language development,7 and a variety of behavioral8,9
and psychiatric problems have been reported.10-13
Observational studies suggest behavioral problems may already be manifest in young children
with 22q11DS and include noncompliance and self-directed behavior with poor social skills.14
A small scale study of preschool children with 22q11DS15 described highly active, impulsive,
emotional, and disorganized behavior in some of the children. A number of additional studies
using standardized instruments to describe behavior in children and adolescents with 22q11DS
are difficult to use comparatively because of the wide range of ages studied and small study
groups.16-18
One could hypothesize that the behavioral problems in children with 22q11DS are caused
by their difficulties with expressing their thoughts and emotions as a result of their speech
problems and intellectual disabilities. The influence of speech or intellectual disability on
behavior has been studied in older children and adolescents with 22q11DS. No correlations
showed up between intelligence and problem behavior as measured with the Child Behavior
Checklist (CBCL).19,20 Jansen et al.8 found no significant correlation between intelligence and
behavioral problems when comparing their behavior with an IQ-matched group of children
with craniofacial anomalies. There are no studies on the possible relation between speech
problems and behavioral disturbances in preschool 22q11DS children, and such studies in
speech impaired children from the general population are inconclusive.21-24
As far as we know no study has focused exclusively on the relationship between behavior,
speech and intelligence in children with 22q11DS of preschool age (< 6 years). Therefore, we
have undertaken a large scale, prospective study of behavior in preschool age children with
22q11DS. Their behavior has been compared with that of a comparison group of children with
orofacial clefts in whom probable known genetic/syndromic causes were excluded (hereafter
referred to as nonsyndromic). In both young children with 22q11 as well as children with
clefts speech problems are common. Regarding speech problems the cleft group seems to be an
adequate comparison group. Thus, using this particular comparison group we aim to examine
the 22q11DS related behavioral phenotype while adequately controlling for speech problems.

19
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methods
Study participants
The group of children with 22q11DS (n = 90) consisted of 36 boys and 54 girls. Their ages
varied from 1.42 to 5.99 years (mean = 3.47; SD = 1.31). The 22q11.2 deletion was confirmed
in all children using fluorescence in situ hybridization (FISH) or multiplex ligation-dependent
probe amplification (MLPA).25 In 79 children, the deletion was a de novo deletion, eight children
had an inherited deletion (six girls had an affected father, two boys had an affected mother).
In three children, it was unknown if the deletion was de novo or inherited.
In the 22q11DS group 53/90 children were diagnosed with a congenital heart defect (CHD).
The comparison group (n = 33) consisted of 23 boys and 10 girls with non-syndromic orofacial
clefts. Of these children, 6 had a cleft palate, 16 had a unilateral cleft lip and palate, and 11 had
a bilateral cleft lip and palate. As part of the standard protocol, all children with clefts in the
University Medical Center Utrecht (UMCU) are examined by an experienced clinical geneticist.
None of the children were diagnosed with a known genetic syndrome. Their ages varied from
1.42 to 5.88 years (mean = 3.81; SD = 1.27). Most children had undergone multiple surgeries
because of their cleft and/or otitis media.

Study procedure
Children with 22q11DS participating in this study were referred by one of the eight Dutch
clinical genetics centers. These centers were asked to refer all diagnosed children with
confirmed 22q11DS aged 0–18 years. Others were recruited through publicity on the website
of the Dutch Parent 22q11DS support group (www.vcfs.nl) and their newsletter. This website
is freely accessible to the public. By recruiting through these channels an ascertainment bias
was minimized.
Children with nonsyndromic cleft were ascertained through the cleft clinic at the UMCU.
Parents of all children participating in this study were asked to fill out the CBCL for children
aged 1½–5.19 This assessment protocol is part of an ongoing study on intelligence and behavior
in children with 22q11DS and has been approved by the Dutch Medical Ethical Review
Commission (METC). Written informed consent was obtained from all parents or guardians.

20
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Measures of behavior, speech and intelligence
The Dutch version of the CBCL for ages 1½–5 was completed by the children’s parents. The
CBCL is a widely used questionnaire used to describe behavior in children from the parent’s
point of view. The 99 items on the checklist reveal information about seven empirically based
scales: emotionally reactive behavior, anxious/depressed, somatic complaints and withdrawn
behavior (internalizing), attention problems and aggressive behavior (externalizing), and
sleeping problems. The 99 questions also target five DSM-IV oriented scales: affective problems,
anxiety problems, pervasive developmental problems, attention deficit hyperactivity problems,
and oppositional problems. The total problems scale is the sum of all 99 items. Results are
expressed as T-scores, based on the norms for the particular age and gender. The mean of the
T-scores is 50 (SD = 10) for the general population. A T-score of 70 or higher on one of the
empirically based scales or a score of 64 or higher on the internalizing, externalizing, or total
problems scales is classified as being in the “clinical range”, indicating psychopathology. In the
general population, 10% of children score in the clinical range on the internalizing, externalizing
or total Problem Scale of the CBCL. About 2% of the general population score in the clinical
range on the empirically based or DSM-IV oriented scales.
In the questionnaire, parents are also asked if their child has speech problems, and to specify the
problem, such as “delay in speech”, “articulation problems”, “hyper nasal speech”, or “problems
with the pronunciation of some sounds”.
Age appropriate developmental or intelligence tests were used. The Bayley Scales of Infant
Development26 and its former version, Bayley Developmental Scales 2–30,27 the Wechsler
Preschool and Primary Scale of Intelligence-Revised,28 the Snijders-Oomen Nonverbal
Intelligence Test29 and the Groninger Developmental Scales30 were used for this study. All tests
have a mean of 100 and a standard deviation of 15. The measures were chosen because of their
validity, reliability and the relatively high inter-correlations26,29 making it possible to combine
results for further analyses.
The Bayley Scales, Snijders-Oomen Nonverbal Intelligence test and the Groninger Developmental Scales do not provide information on verbal and performance IQ. It was therefore decided
to only use the mental developmental index and Full Scale Intelligence Quotient (FSIQ-score)
in further analyses.

21
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Data analysis
First, problem behavior as measured by the CBCL was compared between the 22q11DS and
the cleft group. Then, the behavior(s) that were significantly different between the two groups
were further analyzed, in particular with respect to the potential impact of speech pathology
and cognitive level.
To compare the children with 22q11DS with children with a cleft for potential confounders
(gender, age) a Pearson’s chi-square test and a T-test for independent samples were used. Because
not all CBCL scales were normally distributed, nonparametric Mann-Whitney’s U-statistics
were used to compare scores on the CBCL scales between the 22q11DS group and the cleft
group. Since this test was used 15 times in our analysis, a Bonferroni correction for multiple
testing was applied to correct the significant threshold to an alpha of 0.003.
Because gender distribution differed between the two groups, Mann-Whitney’s U-statistics
were used to compare boys’ and girls’ behavior within the 22q11DS group and within the cleft
group, additionally analysis of variance has been carried out to look at possible interaction effects
between group and gender and the effect of gender on the total problem score. A Pearson’s
Chi-square test was used to assess whether the two groups were comparable with regard to
the occurrence of speech problems.
Within the 22q11DS group, correlation between the FSIQ-score and the T-score of the
total problem scale was examined using Pearson’s correlation coefficient. The correlations
between speech problems and the raw scores of the adjusted total problem scale, adjusted
internalizing scale and the externalizing scale were also examined using Pearson’s correlation
coefficient. Comparison of behavior in children with and without intellectual disability/
developmental delay and children with and without CHD were done using MannWhitney’s U-statistics. Fathers’ and mothers’ CBCLs were compared using Wilcoxon’s
signed-rank tests. All tests were two-tailed. Statistical analyses were conducted using SPSS
version 15.0.

RESULTS
Clinically significant behavioral problems
The results of the CBCL surveys from the 90 parents of children with 22q11DS and from
the 33 parents of children with clefts expressed in T-scores are described in Table 2.1, with
nominal p-values for each test, while the significance threshold corrected for multiple testing
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CBCL 22q11DS and cleft

53.0
60.0
50.0
52.0
57.0
51.0
56.0
51.0
59.0
52.0
51.5

Somatic complaints

Withdrawn

Sleep problems

Externalizing

Attention problems

Aggressive behavior

Affective problems

Anxiety problems

Pervasive developmental problems

Attention deficit hyperactivity problems

Oppositional defiant problems

54.37

55.44

61.50

55.13

57.91

54.00

58.03

51.23

54.48

59.24

57.76

54.10

5

10

12

7

8

7

16

15

6

12

12

6

12

16

16

IQR

6.50a

4.85a

1.05

b

a

56.21
52.58
53.52

52.0

52.70

50.0

6.70a

3.61

51.0

53.24

51.0

a

56.0

53.27

53.15

50.0

51.0

53.76

51.0

6.29a

53.94

50.0

54.24

52.09

50.0

49.36

53.67

51.0

47.52

50.0

48.24

Mean

47.0

47.0

Median

4

4

10

4

6

5

7

12

5

8

8

1

9

12

14

IQR

Cleft group (N = 33)

48.0

2.61a

-0.34

9.04a

2.30a

4.73a

5.73a

2.22a

-0.63

-0.59

Skew

> │1.96│ = not normally distributed due to skewness.
> Uncorrected, nominal p-values are provided.
* Significant after correction for multiple testing (corrected significance threshold: p < .003).

51.5

Anxious/depressed

57.19

55.26

56.0
55.0

Internalizing

53.96

55.5

Mean

22q11DS group (N = 90)
Median

Emotionally reactive

Total problems

CBCL: T-scores

Table 2.1

6.03a

6.77a

2.63a

5.32a

2.68

a

6.76a

5.99a

2.06a

4.20 a

1.87a

3.69a

5.83a

2.87a

0.36

0.14

Skew

.231

.001*
1429.5

.746

.030

900.0
1116.5

.028

.001*

.401

1121.0

886.5

1344.0

.017

1275.5
1074.5

.699

<.001*

.011

.005

.008

<.001*

.006

pb

1422.0

760.5

1053.0

1017.5

1028.0

863.0

1005.0

U

22q11 vs cleft
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is provided below the table. The percentages of children who scored in the clinical range,
indicating psychopathology are presented in Table 2.2.
Based on parental report, children with 22q11DS showed significantly more internalizing
behavior than children with clefts. Specifically, children with 22q11DS were described as
showing more withdrawn behavior. For the DSM-IV oriented scales, children with 22q11DS
showed significantly more affective problems and pervasive developmental problems than
children with clefts.
On the empirically based scales (Table 2.2), 28.9 % of children with 22q11DS scored in the
clinical range on at least one scale compared to 6.1 % in the cleft group (χ² = 7.157, df = 1, p =
.007). On the DSM-IV scales (Table 2.2), 30% of children with 22q11DS scored in the clinical
range on one of the scales compared to 12.1% in the cleft group (χ² = 4.094, df = 1, p = .043).
In our study group eight children had an familial deletion and of three children it was unknown
if a parent was affected. As parents with 22q11DS might have difficulty in identifying behavioral
problems in their children post-hoc analyses were performed, excluding these cases. When

Table 2.2

Percentage of children that score within the clinical range (> 97th percentile)

CBCL

22q11DS group
(N = 90)

Cleft group
(N = 33)

Percentage

n

Percentage

n

Total problems

23.3

21

3.0

1

Internalizing

21.1

19

6.1

2

Emotionally reactive

6.7

6

0

0

Anxious/depressed

1.1

1

0

0

Somatic complaints

15.6

14

Withdrawn

6.7

Sleep problems

3.0

1

6

0

0

7.8

7

0

0

Externalizing

11.1

10

6.1

2

Attention problems

12.2

11

3.0

1

Aggressive behavior

1.1

1

3.0

1

Affective problems

13.3

12

0

0

6.7

6

3.0

1

20.0

18

6.1

2

Attention deficit hyperactivity problems

6.7

6

3.0

1

Oppositional defiant problems

3.3

3

3.0

1

Empirically based scales ≥ 1 scale in clinical range

28.9

26

6.1

2

DSM-IV based scales ≥ 1 scale in clinical range

30.0

27

12.1

4

Anxiety problems
Pervasive developmental problems
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comparing the behavioral problems of 79 children in the de-novo group to the cleft group, the
same behavioral problems were found. Since results were similar, it was decided not to exclude
children with an inherited deletion in further analyses.
Within the 22q11DS group no significant differences in behavioral problems were found on any
of the scales between the children who had a CHD and those without CHD (See Supplemental
Data, Table S2.1).
A significant difference in gender distribution between the cleft group and the 22q11DS group
was found (χ² = 8.532, p = .003). To determine whether gender had an effect on behavioral
problems, the various scales within the 22q11DS group and within the cleft group were
compared between boys and girls, showing no significant effect on any of the scales. There was
no interaction effect of gender and group on the total impairment score (F [1, 119] = 0.760, p
= .385) and also no main effect of gender (F [1, 120] = 0.03, p = .853).
The mean ages of both groups did not differ significantly (t = -1.305, df = 121, p = .194).

Speech problems
Despite the fact that several children with 22q11DS as well as all children with nonsyndromic
orofacial clefts had undergone surgery aimed at improving or normalizing their speech, in
both groups speech problems were reported (85.6% of the 22q11DS group and 81.5% of the
cleft group (χ² = 0.258, df = 1, p = .611).

Relationship between behavior problems and speech problems within
the 22q11DS sample
To exclude the possibility of high CBCL scores as a direct result of positive scores on speechrelated items, the raw scores of the reported behavioral problems were adjusted excluding these
questions (item 23: doesn’t answer when people talk to him/her, item 76: speech problems,
item 97: whining). The last item is excluded because in Dutch “whining” assumes a verbal
component. Several parents of children with 22q11DS remarked: “question not applicable.
Can’t whine, is not verbal yet.”
Within the 22q11DS group no significant correlations between speech problems and the
adjusted internalizing scale (r = 0.002, p = .982), the adjusted withdrawn scale (r = .247, p =
.019), the affective problems scale (r = 0.073, p = .492) or adjusted pervasive developmental
problem scale (r = 0.066, p = .535) were found after Bonferroni correction for multiple testing
(α < 0.0125).
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Developmental abilities and intelligence
Information on developmental abilities was available for 84 of the 90 children with 22q11DS and
varied between < 50 and 107. The mean developmental index/FSIQ for the group of children
with 22q11DS was 72.52 (SD = 14.12). The mean FSIQ-score derived from 34 boys was slightly
lower (mean = 69.71; SD = 13.57) than the mean FSIQ-score measured in 50 girls (mean =
74.44; SD = 14.30). This difference was not statistically significant (t = -1.520, df = 82, p = .132).

Relationship between behavior problems and intelligence within the
22q11DS sample
Since several instruments were used to measure developmental abilities, correlations were
reported for each instrument, as well as for the overall measure of development (Table 2.3).
The BOS (N = 1) and GOS (N = 7) were excluded for separate analyses due to low numbers.
No significant correlations were found between developmental abilities and the reported
behavioral problems.
To control for a floor-effect as 17 children scored < 50, two groups were created based on FSIQscore. When comparing behavior of 48 22q11DS children with a FSIQ-score ≥ 70 to 36 22q11DS
children with a FSIQ-score < 70, no significant difference between the two groups was found
on the internalizing behavior (mean rank FSIQ-score ≥ 70 = 43.51, mean rank FSIQ-score <
70 = 41.15, U = 815.5, p = .661, r = -.05), withdrawn behavior (mean rank FSIQ-score ≥ 70 =
43.95, mean rank FSIQ-score < 70 = 40.57, U = 794.5, p = .524, r = -0.07), affective problems
(mean rank FSIQ-score ≥ 70 = 44.81, mean rank FSIQ-score < 70 = 39.42, U = 753.0, p = .311,
r = -0.11) or pervasive developmental problems (mean rank FSIQ-score ≥ 70 = 44.59, mean
rank FSIQ-score < 70 = 39.71, U = 763.5, p = .361, r = -0.10).
Table 2.3

Correlation between FSIQ and reported behavioral problems
Developmental abilities/FSIQ
Overall
N = 84
r

a

pa

BSID-II
N = 35
r

SON 2½–7
N = 19
pa

r

pa

WPPSI-R
N = 22
r

pa

Internalizing behavior

0.009

0.934

-0.185

0.288

0.012

0.961

0.132

0.557

Withdrawn behavior

0.011

0.920

-0.037

0.833

-0.144

0.556

-0.023

0.919

Affective problems

0.168

0.127

-0.103

0.558

0.483

0.036

0.322

0.144

Pervasive developmental
problems

0.096

0.384

-0.046

0.794

-0.079

0.747

0.175

0.436

> Uncorrected, nominal p-values are provided.
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DISCUSSION AND CONCLUSION
This study was performed to examine whether the behavioral problems reported in young
22q11DS children are associated with the high rate of speech problems, their lower level of
intellectual functioning or rather, should be considered as an independent clinical phenomenon.
To this purpose, the relationship between behavioral problems, speech problems and intelligence in
22q11DS was analyzed by comparing behavior in a large group of preschool children with 22q11DS
with a group of children with nonsyndromic orofacial clefts with similar speech problems.
We tried to minimize ascertainment bias by asking genetic centers to refer all patients with
22q11DS. They diagnose not only children with behavioral problems, but all children in whom
22q11DS is suspected. Unfortunately only those children displaying enough medical, speech,
cognitive of psychiatric problems will be referred for genetic screening of 22q11DS. Children
who have only very mild characteristics might not be referred to a genetic center for testing in
the first place. To get a realistic view on the phenotype of all children with 22q11DS, we would
like to see 22q11DS added to the newborn screening programs.31
In this study, results were based on one informant, in most cases the biological mother. However,
in 69/90 cases both parents of a child with 22q11DS filled out the CBCL. No significant
differences were found between mothers’ and fathers’ median scale scores (See Supplemental
Data, Table S2.2).
Of the 90 children with 22q11DS studied, 21 (23.3%) were reported to have serious behavioral
problems by their parents, and scored within the clinical range on the total problem scale on the
CBCL, which indicates psychopathology. Comparatively, only 1 of 33 controls (3%) with nonsyndromic orofacial clefts scored in the clinical range of the total problem scale on the CBCL.
The behavioral problems that were significantly more severe in children with 22q11DS than
in children with nonsyndromic cleft were internalizing problems in general, and specifically
withdrawn behavior. Children with 22q11DS also scored significantly higher than controls in
the DSM-IV categories of affective problems and pervasive developmental problems. This is
consistent with several clinical studies in 22q11DS in which high rates of major depression32,33
and autism spectrum disorders13,34-36 are reported.
Twenty percent of preschoolers with 22q11DS score within the clinical range on the scale
pervasive developmental problems of the CBCL 1½–5. When looking more in-depth at
this scale, problems in the social interaction and communication domain were found, while
stereotyped behavior was not reported. This can be suggestive of a unique type of ASD, as found
in earlier studies.10,37 Profiles of the individual behavioral questionnaires were always reported
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and discussed with parents. If their child’s behavior raised concerns, a child psychiatrist was
available for further consultation.
The results of this study suggest that these behavioral problems cannot be attributed to the
commonly occurring speech problems in 22q11DS children. In our study we have looked at
speech problems in general, based on parental reports. In future research it would be interesting
to use standardized methods to look at the several components of speech problems like receptive
or expressive language problems and hypernasality. By doing this the specific components of
speech problems that might be related with behavioral problems could be analyzed.
While with regard to speech problems the cleft group is an adequate comparison group, it does
not provide an adequate control for cognitive development since children with non-syndromic
clefts generally have normal intelligence,38,39 whereas the majority of children with 22q11DS
have learning problems or a mild intellectual disability.40 However, to date several studies
have demonstrated that the behavioral or psychiatric problems that occur in older 22q11DS
children are not correlated with cognitive level.8,13,41 Findings of our within group analysis
confirm the absence of an effect of cognitive level on the occurrence of behavioral problems
in young children with 22q11DS.
Prior small studies of young children with 22q11DS that have used the CBCL to describe
behavior have various results. Briegel et al.16 reported no more problems than the normative
sample. Swillen et al.42 found more withdrawn behavior and higher, but not significant results
on internalizing behavior, attention problems and pervasive developmental problems. Our
study also found withdrawn behavior, internalizing behavior and pervasive developmental
problems in preschool children with 22q11DS, and similar results on attention problems. The
affective problems found in our study were not found in earlier studies. A possible explanation
for these slightly different findings is the larger sample size in our study, increasing the statistical
power and thereby capturing more subtle characteristics. Another explanation is the different
comparison group. In Swillens’ study children with 22q11DS were compared with children with
conotruncal heart defect, while in our study children were compared with children with clefts.
The prevalence of psychopathology in groups of older children with 22q11DS has been reported
in a number of studies. As far as we know only two small scale studies describe the prevalence
of behavioral problems as determined by total problem score on the CBCL in younger children.
Those studies found percentages of 14% (3/21)43 and 17% (1/6).17 In our group of preschoolers
with 22q11DS, 23.3% scored within the clinical range in the total problems scale of the CBCL,
indicating psychopathology. Our results show that even a higher number of young children
with 22q11DS than previously assumed has severe behavioral problems.
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We know of one study of behavior in young children with 22q11DS in which a gender difference
was reported. Briegel et al.16 found more sleeping problems in girls than in boys with 22q11DS.
In our larger scale study we did not find gender differences on any of the CBCL scales in children
with 22q11DS. Sobin et al.9 studied an older group of children with 22q11DS and found more
internalizing problems and thought problems in boys. Other studies have found no gender
differences in psychopathology prevalence rates among older children and adolescents with
22q11DS.13,32 This is remarkable since in the general population the prevalence rate of specific
behavioral problems, like pervasive developmental problems or attention deficit hyperactivity
problems is higher in boys. These results suggest that the gender specific rates of psychiatric
disorders are different in children with 22q11DS compared to the normal population. A recent
large-scale study of Oliver et al.44 on the characteristics on autism spectrum disorder in seven
genetic syndromes (Angelman, Cri du Chat, Cornelia de Lange, Fragile X, Prader-Willi, SmithMagenis and Lowe syndromes) shows consistent results. It suggests that in 22q11DS not only
the prevalence rate,6,13,34,35,45 but also the gender distribution of specific behavioral problems
can differ from idiopathic behavioral problems, like it does in other genetic syndromes.
In the current study, as well as in a sample of older children with 22q11DS,8,20,46 no correlation
was found between behavioral problems and intelligence in the sample of preschool children
with 22q11DS. This is a remarkable result since several studies in the general population have
demonstrated a negative correlation between behavioral problems and intelligence level.47-49 Our
results imply that not only children with 22q11DS + intellectual disability, but even preschoolers
with 22q11DS without developmental disabilities are at risk of developing behavioral problems
and should have their behavior evaluated at preschool age.
In conclusion this study shows that children with 22q11DS aged 1.42–5.99 display more
behavioral problems than their peers and that these behavioral problems are not correlated
with speech problems. Approximately 30% of children with 22q11DS have a score above the
97th percentile on at least one of the subscales. Within the group of children with 22q11DS, no
relationship was found between cognitive impairment and behavioral problems. Our results
suggest that all preschoolers with 22q11DS, including those without cognitive impairment,
are at risk of developing severe behavioral problems.
Psychological evaluations of behavior at a young age are therefore recommended. Our results
also caution strongly against attributing reported behavioral problems to existing speech
problems.
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Table S2.1

22q11DS with and without CHD

CBCL: T-scores

22q11DS + CHD
(N = 53)

22q11DS + CHD
vs
22q11DS - CHD

22q11DS - CHD
(N = 37)

Median

Mean

Skew

Median

Mean

Skew

pb

Total problems

56.0

54.36

-0.44

52.0

53.38

-0.40

0.740

Internalizing

55.0

55.02

0.30

56.0

55.59

-1.09

0.552

Emotionally reactive

55.0

56.96

1.86

55.0

57.51

1.35 a

0.626

Anxious/depressed

51.0

53.58

5.58 a

52.0

54.84

2.81 a

0.416

Somatic complaints

53.0

57.09

3.48 a

58.0

58.70

3.08 a

0.507

Withdrawn

60.0

59.23

2.48 a

60.0

59.27

0.04

0.823

Sleep problems

50.0

54.47

7.86 a

50.0

54.49

4.78 a

0.944

Externalizing

52.0

52.15

0.21

52.0

49.92

Attention problems

57.0

59.53

1.51

53.0

55.89

-1.16
1.97 a

0.445
0.028

Aggressive behavior

51.0

54.23

5.17 a

51.0

53.68

2.86 a

0.795

Affective problems

56.0

58.04

2.75

a

52.0

57.73

2.52

0.454

Anxiety problems

51.0

55.21

4.41 a

54.0

55.03

5.30 a

0.711

Pervasive
developmental
problems

59.0

61.08

1.20

63.0

62.11

0.24

0.517

Attention deficit
hyperactivity
problems

54.0

56.42

3.23 a

51.0

54.05

3.85 a

0.192

Oppositional defiant
problems

52.0

54.57

5.20 a

51.0

54.08

3.85 a

0.804

a

> │1.96│ = not normally distributed due to skewness.
> Uncorrected, nominal p-values are provided.
* Significant after correction for multiple testing (corrected significance threshold: p < .003).

a

b
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55.0
55.0
52.0
53.0
60.0
51.0
50.0
53.0
51.0
56.0
51.0
59.0
51.0
52.0

Internalizing

Emotionally reactive

Anxious/depressed

Somatic complaints

Withdrawn

Sleep problems

Externalizing

Attention problems

Aggressive behavior

Affective problems

Anxiety problems

Pervasive developmental problems

Attention deficit hyperactivity problems

b

a

Oppositional defiant problems

> │1.96│ = not normally distributed due to skewness.
> Uncorrected, nominal p-values are provided.
Corrected significance threshold: p < .003.

52.0

54.06

54.49

61.48

55.45

57.55

53.45

56.65

50.35

53.45

59.57

57.87

54.59

57.16

55.55

53.39

Mean

5

7

12

9

8

5

12

14

6

7

15

8

14

16

14

IQR

22q11DS group fathers
(N = 69)
Median

CBCL: T-scores fathers and mothers

Total problems

Table S2.2

6.63a

5.53a

1.08

62.16
55.23
54.32

52.0
51.0

55.20

54.0
63.0

58.52

56.0

4.53a

4.53

8.04
a

51.10

52.0

53.94

54.46

50.0

51.0

59.93

60.0

58.06

58.42

58.0

57.0

54.20

a

57.54

52.0

56.14

54.38

Mean

55.0

58.0

55.0

Median

3.53a

2.25a

5.63a

2.53a

2.20a

6.15a

3.13a

0.00

1.44

Skew

5

10

12

9

12

6

14

16

6

7

12

6

12

14

17

IQR

6.07a

4.18a

0.76

6.11a

2.84

a

6.15a

2.20a

-0.21

7.78a

2.22a

3.91a

4.89a

1.70

-0.89

-0.29

Skew

22q11DS group mothers
(N = 69)

-.930

-1.223

-.750

-.379

-.920

-1.314

-2.023

-1.170

-1.568

-.418

-1.047

-.633

-.541

-.560

-1.033

Z

pb

0.353

0.221

0.453

0.704

0.358

0.189

0.043

0.242

0.117

0.676

0.295

0.527

0.589

0.576

0.302

Fathers
vs
mothers

Behavior in preschool children with the 22q11.2 deletion syndrome
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ABSTRACT
Patients with the 22q11-deletion syndrome (22q11DS) are at an increased risk of developing
schizophrenia. Besides the effects of genetic variation, environmental factors could also
be important in modifying the risk of schizophrenia in 22q11DS patients. In particular,
previous studies have shown the importance of stress as a precipitating factor of psychosis.
An incongruence between the perceived and actual severity of behavioral and cognitive
domains could lead caregivers, and even the children themselves, to make demands that are
insufficiently adapted to the child’s abilities, causing stress and anxiety. Here, we investigate
whether such diagnostic discrepancies are indeed present by comparing parent and teacher
reports on behavioral concerns in children with 22q11DS. Behavioral questionnaires (CBCL
and TRF) were prepared for both parents and teachers of 146 children with 22q11DS. We found
that in line with previous reports, internalizing behavior was more frequently reported than
externalizing behavior. While the behavioral profiles reported by parents and teachers were
remarkably similar, the teachers’ ratings were significantly lower (Total problem score p = .002).
Age and IQ were not significantly associated with the severity of reported concerns. Our results
indicate that indeed a disparity often exists between parents’ and teachers’ perceptions of the
severity of a child’s behavioral deficits. This may result in (substantially) different demands
and expectations being placed on the child from the two fronts. We speculate that the stress
resulting from this lack of cohesion between parents and teachers could precipitate, at least in
some 22q11DS children, the emergence of psychosis.
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INTRODUCTION
The 22q11.2 deletion syndrome (22q11DS) is caused by a deletion on the long arm of chromosome
22 and affects approximately 1:4000 live births.1 The phenotype is variable and includes more
than 180 structural and functional anomalies2 such as palatal abnormalities, cardiac defects,
hypocalcaemia, growth delay, characteristic facies,3,4 developmental abnormalities of speech
and language,5-7 motor functions8,9 and cognition. Average intelligence (Full Scale IQ, FSIQ)
in children with 22q11DS typically ranges from 65 to 74,10,11 with an estimated prevalence of
intellectual disabilities (IQ<70) in about 50%.12,13
Children with 22q11DS also have an increased risk of behavioral and emotional challenges such
as social problems, attention problems and withdrawn behavior.14-17 One way of assessing these
behavioral problems is by use of questionnaires. However, because of the cognitive impairments
in patients with 22q11DS, it can be hard for them to reflect on their own behavior. Clinicians
often rely on informants such as parents or teachers to gain insight into a child’s behavior. This
can result in two problems, the first being ‘diagnostic overshadowing’.18 Informants of children
with 22q11DS, such as parents or teachers, may find it difficult to distinguish between behavioral
problems and the symptoms of cognitive impairments common to 22q11DS. This can lead to
under-reporting of behavioral deficits, as informants may attribute the problems to the cognitive
impairment of their child/pupil or regard the problems as part of the behavioral phenotype of the
syndrome. The second problem is the ‘moderate’ agreement (perceived incongruence) among
informants’ ratings of children’s mental health problems in child psychiatry.19 In most studies,
teachers tend to report less problems in their pupils than parents do.20,21 However, some studies,
for example on children with medical conditions like epilepsy,22 found no significant differences
between scores of parents and teachers on a child’s internalizing and externalizing behavior.
One study on typically developing children found only less than 10% of children had discrepant
reporters.23 These results show that studies on parent-teacher agreement are inconclusive.
Reporting congruity also appears to change as the child ages. Informants are in more agreement
regarding a child’s externalizing behavior than of their internalizing behavior. Over time,
agreement between parents and teachers increases on externalizing behavior and decreases
on internalizing behavior.20
All these factors can lead to discrepancies between the reported behavioral problems and the
actual behavior of the child and may lead to a suboptimal behavioral assessment of the child.
The possibility of incongruity between perceived and actual behavior is particularly relevant
in children with 22q11DS. Patients with 22q11DS have a 25-fold increased risk of developing
psychosis, in particular schizophrenia.24
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Inadequate insight into a child’s socio-emotional and/or cognitive capacities as a result of
suboptimal information can lead to demands and expectations that exceed the child’s actual
abilities. This mismatch may in turn lead to significant, possibly chronic stress and anxiety
in the child. In the general population associations are found between exposure to life events
and psychotic symptoms.25 In their review and meta-analysis Beards25 and colleagues describe
stress as a result of life events in adults and subsequent onset of psychotic disorder or psychotic
experiences. In light of the increased vulnerability to schizophrenia associated with 22q11DS,
stress that results from an incongruent assessment of behavior may be a precipitating factor
for psychosis.11,26-28 If this stress can be prevented, it may improve the quality of life for these
patients and possibly prevent secondary psychopathology.
Based on the above discussion we have formulated 2 hypotheses:
1. We expect parents to report more severe behavioral problems than teachers.
2. We expect that inter-informant agreement regarding internalizing and externalizing
behavior, decreases and increases, respectively, with age.
Furthermore we will take into account other factors that may influence behavior, such as
intelligence, gender and age.

Materials and methods
Participants
Children participating in this study were referred by one of the eight Dutch clinical genetics
centers or were recruited through publicity on the website of the Dutch Parent 22q11DS support
group (www.vcfs.nl) and their newsletter. This website is freely accessible to the public. The
children are participating in an ongoing study on intelligence and behavior in children with
22q11DS. The study has been approved by the Dutch Central Committee on Research involving
Human Subjects. Written informed consent was obtained from all parents or guardians.
The cross-sectional study group consisted of 146 children with 22q11DS (54 boys and 92
girls), aged 4.5 to 16.5 years (mean = 9.4; SD = 2.7). Of this group, 38 children received regular
education, while 108 received special education.
The 22q11.2 deletion was confirmed in all children using fluorescence in situ hybridization
(FISH) and/or multiplex ligation-dependent probe amplification (MLPA).29
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Behavioral tests
The children’s parents completed the Dutch version of the Child Behavior Checklist (CBCL)
6–1830 which consists of 120 items and is a questionnaire widely used to describe child behavior
from a parent’s point of view . The CBCL consists of eight clinical syndrome subscales (Anxious/
Depressed, Withdrawn/Depressed, Somatic complaints, Social problems, Thought problems,
Attention problems, Rule-breaking behavior, and Aggressive behavior), which are assigned to
three summary scales (Internalizing Problems, Externalizing Problems, and Total Problems).
The data collection started in 2000, three years before the CBCL 6–18 was published in The
Netherlands; therefore early participants (n = 71) were assessed with the former version: CBCL
4–18. The CBCL 6–18 contains six new items, of which one (item 2: I drink alcohol without my
parents’ approval) can be inferred from item 105 (alcohol and drugs) in the old questionnaire.
The other five questions were scored as ‘missing’. If less than nine questions are missing, the
forms can be included in statistical analyses, according to the manual. This allowed us to
combine data for further analysis.
The Dutch version of the Teacher’s Report Form (TRF) was used to describe the child’s behavior
from a teacher’s point of view. It also consists of 120 items and yields the same scales as the
CBCL 6–18. Again, as with the CBCL, the teachers of the 71 early participants filled out the
TRF 4–18. Between the TRF 4–18 and TRF 6-18 only three questions had changed and were
scored as missing.
The CBCL and TRF were scored using the Assessment Data Manager, version 7.2 by Achenbach
& Rescorla. The mean time that elapsed between both informants filling out the questionnaire
was 4 days.
In both questionnaires the results are expressed as T-scores, based on the norms for the
particular age and gender. The mean of the T-scores is 50 (SD = 10). Children with either a
T-score of 70 or higher on one of the empirically based scales or 64 or higher on the internalizing,
externalizing and/or total problems scales are classified as scoring in the ‘clinical range’,
indicating psychopathology.
Although the Dutch norms were not available during analysis of the data, the reliability
and validity of the American version of the CBCL and TRF were confirmed for the Dutch
translation.31,32 Both the CBCL and the TRF are widely used in studies on children with medical
conditions,22,33 intellectual disabilities34 and psychiatric problems.35,36
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Tests on intelligence
Age appropriate Wechsler Scales were used (WPPSI-R n = 13, WISC-RN n = 24, WISC-III n
= 74).37-39 The Wechsler tests consist of a verbal scale (VIQ) and a performance scale (PIQ).
The tests yield a Full Scale Intelligence Quotient (FSIQ) with a mean of 100 and a standard
deviation of 15. If children were unable to communicate verbally, the Snijders Oomen Nonverbal
intelligence test (SON-2½–7) was used (n = 15). The SON 2½–740 has good validity, reliability
and its outcome, the SON-IQ, has high inter-correlations with the WPPSI-R FSIQ (r = .75)41
making it possible to combine results for further analyses. For 20 children no recent information
of intelligence was available.

Statistics
Non-parametric tests were used since not all CBCL or TRF scales were normally distributed
(Table 3.1). To test our first hypothesis and compare scores between parents and teachers for
each syndrome subscale and the summary scales, Wilcoxon’s signed-rank tests were applied.
Whitney U tests for independent samples were used: a) to determine whether boys and girls
with 22q11DS displayed the same type of behavior, b) to compare behavior between children
with and without cognitive disabilities, and c) for a post-hoc analysis on possible reporting
differences between teachers in regular education and teachers in special education. To test
our second hypothesis repeated measures analyses were used for the summary scales with
age-group as a between factor, informant and informant x age-group as within factors. A
Bonferroni correction for multiple testing was applied to correct the significance threshold
to an alpha of .005. All tests were two-tailed. Statistical analyses were conducted using IBM
statistics SPSS 20.

RESULTS
Profile according to parents and teachers
Both the child’s parents and teacher were asked to report on the child’s behavior. Figure 3.1 shows
the behavioral profiles. Social problems, withdrawn/depressed behavior and attention problems
were reported as being the most characteristic behaviors. Rule breaking behavior was rarely
reported by either teachers or parents. A remarkable consistency in overall behavioral profiles
was found. However, in line with the overall scores (Table 3.1 and 3.2) it can be observed that
parents tended to identify more severe behavioral problems than teachers.
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61.0

Total

60.1

58.8

54.5

60.2

13.3

13.0

7.5

13.3

11.0

15.0

11.3

13.0

12.0

12.3

17.0

IQR

57.6

56.0
52.7
52.7
55.7
57.8

53.0
53.0
58.0

3.49 a
a

-3.26

6.00 a

50.0

-1.16

2.72

56.3

57.0

62.9

a

62.0

54.8

60.2

59.5
50.0

57.5
57.0

57.0
55.0

Mean

Median

1.85

1.00

1.92

3.33 a

4.56 a

-2.03 a

Skew

TRF

8.0

10.0

5.0

15.0

9.3

13.0

8.0

8.0

13.0

10.0

12.0

IQR

a

IQR = Interquartile range. Uncorrected, nominal p-values are provided.
> │1.96│ = not normally distributed due to skewness.
* Significant after correcting for multiple testing (corrected significance threshold; p <.005).

57.0

Aggressive behavior

55.8

56.0

52.0

Externalizing

59.0

Attention problems

Rule breaking behavior

60.7

58.0

Thought problems

60.0
64.7

61.0

65.0

Somatic complaints

60.7

Social problems

60.0

Withdrawn/depressed

56.9

58.3

59.0

54.0

Internalizing

Mean

Median

CBCL

Comparisons between CBCL and TRF T-scores (n = 146)

Anxious /depressed

Table 3.1

0.04

8.87 a

10.08 a

2.06 a

9.95
a

4.78 a

2.46 a

4.81 a

4.67 a

4.14 a

-0.23

Skew

-3.107

-4.351

.002

*

<.001 *

.001 *

.001 *
-3.222

-3.465

<.001 *

-4.761

<.001

.035

-4.867

<.001 *

-6.374
-2.110

*

.380

.682

.247

p

-.877

.410

-1.158

z

Wilcoxon’s
signed-rank test

.37

.42

.26

.24

.30

.29

.29

.33

.26

.33

.30

r²

<.001

*

<.001*

.002*

.003*

<.001*

<.001*

<.001*

<.001*

.002*

<.001*

<.001*

p

CBCL x TRF
22q11 a

.35

.33

.38

.36

.44

.18

.31

.15

.24

.19

.21

r²

CBCL x TRF
manual
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42.0

Total

59.7

79.0

61.3

52.9

63.9

Internalizing

Teacher

Parent

Normal

18.3

8.4

12.6

Parent

23.5

12.6

13.4

Teacher

Borderline

4–11 years
N = 119

38.7

27.7

34.5

Parent

16.8

8.4

25.2

Teacher

Clinical

44.4

85.2

44.4

Parent

51.9

81.5

51.9

Teacher

Normal

Percentages of 22q11DS children scoring in the normal, borderline or clinical range

Externalizing

Table 3.2

11.1

3.7

7.4

Parent

29.6

11.1

7.4

Teacher

Borderline

12–18 years
N = 27

44.4

11.1

48.1

Parent

18.5

7.4

40.7

Teacher

Clinical
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Parents

67

Teachers

65

Mean T-score

63
61
59
57
55
53
51

Figure 3.1

CBCL & TRF.

The only difference that was found between the behavioral profiles of boys and girls was that
teachers reported more thought problems in boys (Mdn = 57.0) than in girls (Mdn = 50.0) (U
= 1755.5, p = .002). Analyses comparing the proportion of boys and girls scoring above the 97th
percentile could not be carried out due to small numbers.
Information on intelligence was available for 126/146 children. The mean FSIQ was 69.44 (SD
= 12.35). There was no significant correlation between IQ and behavioral problems as reported
by parents and teachers.
To ensure that the lack of significant correlations was not the result of a FSIQ floor-effect (6
children scored < 50), two groups were created based on FSIQ. No significant difference was
found when comparing the behavior of 61 22q11DS children with FSIQ ≥ 70 to 65 22q11DS
children with FSIQ ≤ 69, after correcting for multiple testing (p < .005), indicating that parents
and teachers reported no behavioral differences between the higher and lower functioning
groups (Figure 3.2).
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70
CBCL

TRF

60

Median T-score

50

40

FSIQ ≤69
FSIQ≥70
FSIQ ≤69

30

FSIQ≥70

20

10

0

Figure 3.2

Internalizing

Externalizing

Internalizing

Externalizing

Behavior and intelligence.

The cross-sectional data of 146 children were studied to explore whether parents or teachers
reported more behavioral problems as children grow older. The study group was divided into
two groups (6–11 years, n = 119 and 12–18 years, n = 27) based on the CBCL-manual and the
age at which children in The Netherlands change from primary school to secondary school. No
significant correlations were found between behavioral problems and age, except for teachers
reporting significantly more anxious/depressed behavior (r (146) = 0.251; p < .05) in older
children than in younger children.
Two trends were noted: older children were more frequently evaluated as displaying internalizing
behavior in the clinical range and less frequently scored in the normal and borderline range when
compared to younger children. For externalizing behavior, the opposite pattern was observed in
both parents’ and teachers’ reports; older children were less frequently evaluated as displaying
externalizing behaviors in the clinical range and more frequently scored in the normal and
borderline range (Table 3.2). When comparing the CBCLs with the TRFs, results showed that
parents reported significantly more behavioral problems than teachers (Table 3.1), with the
exception of internalizing behavior (anxious/depressed, withdrawn/depressed).
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Informant agreement over time
For both internalizing (p = .679) and externalizing (p = .084) behavior no interaction-effect was
found between informant and age-group 4–11 years and 12–18 years. A main effect of informant
was found; parents reported more internalizing (p < .001) and externalizing (p < .001) behavior
than teachers. There was no main effect of age; for children aged 4–11 years or 12–18 years
similar internalizing (p = .131) and externalizing (p = .087) scores were found. Similar results
were found when the group was split based on median age and the 73 oldest children were
compared with the 73 youngest children (data not shown).

Discussion
The objective of this study was to examine consistencies and differences between parents’ and
teachers’ reports on the behavior of children with 22q11DS. We found that parents and teachers
described a remarkably similar pattern in the type of behavioral concerns. Looking at the severity
of these problems, this study shows that, except for anxious/depressed behavior, parents report
more severe behavioral problems than teachers on all scales. Five subscales (Somatic complaints,
Thought problems, Attention problems, Rule breaking behavior, Aggressive behavior) and two
summary scales (Externalizing, Total) were rated significantly higher by parents.
The difference between parent and teacher reports proved to be stable with age. Consistent
with previous reports,14,42 the overall phenotype in 22q11DS children is characterized by more
internalizing than externalizing behavior. As in most studies on behavior in 22q11DS, social
problems were found to be one of the most common characteristics.15,43-45 Social problems are
also frequently reported in children with other medical conditions such as epilepsy,22 spina
bifida33 and chronic fatigue syndrome,46 as well as children with intellectual disabilities.34
Moreover, autism spectrum disorders are frequently reported in studies on children with
22q11DS.11,47 The reported social problems by both parents and teachers in children with
22q11DS are therefore expected.
Children with 22q11DS are at high risk for psychiatric problems and are often facing intellectual
challenges. Studies on behavioral problems in children that were referred to mental health
services36 or those diagnosed with intellectual disabilities34 frequently report aggressive behavior,
but in our study aggressive behavior was not perceived as characteristic for children with 22q11DS.
In the general population, a negative correlation is found between intelligence and behavioral
problems; a lower level of intelligence results in more behavioral problems.34 In our study
this association was not found. Although children with 22q11DS generally have cognitive
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impairments and behavioral problems, these two characteristics of the syndrome seem to be
unrelated. The lack of correlation between intellectual impairment and behavioral problems is
consistent with earlier studies on the relation between intelligence and behavioral problems/
psychopathology in 22q11DS.16,17,48
We found similar behavioral patterns in boys and girls. This is in accordance with our previous
study on behavior in preschool children with 22q11DS.16 Earlier studies also did not find
gender differences in psychopathology prevalence among older children and adolescents with
22q11DS.11,49,50 This is remarkable given that the prevalence of specific behavioral problems
in the general population, such as rule breaking behavior or attention problems, is higher in
boys51 while depressive symptoms are more common in girls, particularly from adolescence.52-54
These results suggest that the gender specific occurrences of behavioral problems are different
in children with 22q11DS in comparison to the general population.
We found no correlation between behavioral problems and age, except for a modest positive
correlation with teachers’ reports on anxious/depressed behavior. Both parents and teachers
reported more severe internalizing problems in the older children. Although the older group
was relatively small and results should therefore be interpreted with caution, this change in
profile was also found in a previous study.45
The young age of children reported in this study precluded any analysis regarding the onset of
psychosis. However, this is a relevant question, as patients with 22q11DS have a 25-fold increased
risk of developing psychosis.24 Future research within the longitudinal trajectories of 22q11DS
is needed to determine whether behavioral questionnaires like the CBCL have a predictive
value for the development of psychiatric disorders, in particularly schizophrenia later in life.
Although the profiles described by parents and teachers are similar, teachers tend to report less
inhibited behavior than parents. Similar results were found in other studies in which parental
and teacher reports were compared, in both typically developing children55 as well as young
children with disabilities,56 children with ASD35,57 or other mental health problems.36 Most of
the children in the current study were in special education schools. It could be speculated that
special education teachers have different terms of reference than regular education teachers and
evaluate the child’s behavior as milder. To find out if teachers in special educational systems rate
their 22q11DS pupils differently than teachers in regular educational systems, we (post-hoc)
compared questionnaires filled out by regular education teachers and special education teachers.
Against our expectation, no significant differences were found (p < .005), suggesting that the
lower report of inhibited behavior is unlikely to be explained by a ‘shift-of-reference’. Another
explanation for why teachers report less inhibited behavior than parents do may simply be that
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children with 22q11DS actually display less behavioral problems in the classroom than they do
at home. To verify this, not only multi-informant, but also multi-methods studies, including
clinical observations at home and in the classroom should be carried out in future research.
The cross-informant correlation between parents’ and teachers’ (Table 3.1) ratings on the CBCL
and TRF seems relatively low, but the mean correlation in our study (.30) is comparable to the
mean correlation in the general population (.29).30
In contrast to most studies on typically developing children,20,55 the agreement between parents
and teachers on internalizing and externalizing behavior remained relatively stable with age.
We speculate that this could be the result of parents and teachers informing each other on a
regular basis about the well-being of the child, even at an older age.

Strength and limitations
A limitation of our study was the manner in which patients were recruited. It might be possible
that parents whose children displayed behavioral problems were more likely to participate.
We tried to minimize the effect of selection bias by asking all Dutch clinical genetics centers
to refer patients to our study regardless of the presence of behavioral problems and recruited
patients through a freely accessible website.
The focus of this study was to measure the amount of (dis-)agreement between parents and
teachers when reporting on the behavior of a large group of children with 22q11DS. Given the
cross-sectional design of this report, inferences regarding longitudinal profile changes in the
development should be considered with caution. It will be interesting to see whether individual
changes in profile over time can predict psychopathology later on in life, especially since these
children are at elevated for developing psychosis.

Conclusions
The findings of the current study suggest that the behavioral phenotype of children with
22q11DS aged 4.5 to 16.5 years is mostly characterized by internalizing behavior and to a
much lesser extent by externalizing behavior. Both parents and teachers mainly report social
problems, attention problems and withdrawn/depressed behavior. Although teachers’ ratings
are, on the whole, less severe, the profiles of both informants show the same distinct pattern.
In this study no association was found between behavioral problems and intelligence. There
were no significant differences between girls’ and boys’ behavior, with the exception of boys
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displaying more thought problems, according to teachers. No correlation was found between
behavioral problems and age. Parents and teachers agree more on internalizing and to a lesser
extent on externalizing behavior. The agreement between parents and teachers stays stable
with age.

Clinical implications
To our knowledge, this is the first study in which the behavioral profile of children with 22q11DS
as described by multiple informants has been examined. Results show that parents and teachers
agree on the characteristic behavioral profile of children with 22q11DS, but disagree on the
severity of these behavioral problems. Generally parents report more problems than teachers.
The discrepancies in perceived severity between informants suggests a different interpretation
of the child’s needs at home versus school. Many children with 22q11DS display internalizing
behavior. However, internalizing problems in a child with 22q11DS can easily be overlooked
as a problem.
The incongruity between informant reports may lead to difficulties in interpreting the severity
of the child’s behavioral problems in daily life. One possible consequence of this suboptimal
information could be an overestimation of the child’s capacities, which in turn could lead to
an imbalance between the child’s actual abilities and the demands that are being made by
his environment. One could speculate that the child’s stress resulting from this mismatched
assessment is especially important in the context of the genetically increased vulnerability for
psychosis that is associated with the disorder. Future studies are needed to examine whether
stress is a relevant factor with respect to the emergence of psychosis in patients with 22q11DS,
as suggested in studies by Beaton26 and Vorstman11. Health care professionals should continue
to ask both parents and teachers to report on a child’s behavior, but also involve the child in the
process, to get the most comprehensive view of a child’s well-being. Although self-reflection
may be difficult in children with 22q11DS, as mentioned in the introduction, use of objective
measures such as skin conductance or measuring the level of stress hormones might be an
alternative to measuring stress in the child. By doing this, stress as a result of a mismatch between
a child’s capabilities and an overdemanding environment, may be managed more effectively.
Behavioral problems, or the lack of behavioral problems, are an important indicator of a child’s
well-being. When informants report behavioral problems in a child with 22q11DS, we would
advise close monitoring of the child during development to make sure behavioral or emotional
problems are addressed in a timely and adequate manner.
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ABSTRACT
Background: People with 22q11.2-deletion syndrome (velo-cardio-facial syndrome) have a 30fold risk of developing schizophrenia. In the general population the schizophrenia phenotype
includes a cognitive deficit and a decline in academic performance preceding the first episode
of psychosis in a subgroup of patients. Findings of cross-sectional studies suggest that cognitive
abilities may decline over time in some children with 22q11.2 deletion syndrome. If confirmed
longitudinally, this could indicate that one or more genes within 22q11.2 are involved in
cognitive decline.
Aims: To assess longitudinally the change in IQ scores in children with 22q11.2 deletion
syndrome.
Method: Sixty-nine children with the syndrome were cognitively assessed two or three times
at set ages 5.5, 7.5 and 9.5 years.
Results: A mean significant decline of 9.7 Full Scale IQ points was found between 5.5 and
9.5 years. In addition to the overall relative decline that occurred when results were scored
according to age-specific IQ norms, in 10 out of a group of 29 children an absolute decrease
in cognitive raw scores was found between 7.5 and 9.5 years. The decline was not associated
with a change in behavioural measures.
Conclusions: The finding of cognitive decline can be only partly explained as the result of
‘growing into deficit’; about a third of 29 children showed an absolute loss of cognitive faculties.
The results underline the importance of early psychiatric screening in this population and
indicate that further study of the genes at the 22q11.2 locus may be relevant to understanding
the genetic basis of early cognitive deterioration.
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INTRODUCTION
Children with 22q11.2 deletion syndrome (22q11DS) are reported to have learning difficulties
and are at a greater risk of psychiatric disorders including autism-spectrum disorders and
attention-deficit hyperactivity disorder. During adolescence and early adulthood up to 30%
of people with the syndrome develop schizophrenia, thus suggesting that 22q11DS can be
considered the highest known genetic risk factor for schizophrenia other than having a
monozygotic twin sibling with the illness.1-5
Several cross-sectional studies have found a negative correlation between age and IQ scores in
22q11DS,6-10 suggesting that at least some of these individuals show a gradual decline in cognitive
development as they grow into adulthood. Results of two longitudinal studies, respectively
in adolescents and 22q11DS patients in late childhood/ adolescence, are consistent with this
suggestion.11,12 There may be several explanations for these observations. The normative scale
might have become more stringent with the introduction of a revised version of the scale to
compensate for the ‘Flynn effect’, an upward drift of approximately 3 points per decade in
normative performance on IQ tests.13 Alternatively, adolescents with weaknesses in the area of
abstract reasoning might ‘grow into deficit’, meaning that a decrease in IQ scores with age is not
indicative of an absolute decline in cognition, but rather parallels an inability to adapt to the gradual
increase of the level of cognitive requirements with age. Although these factors may play a part in
the presumed decline in cognitive abilities in young people with 22q11DS, the high prevalence of
schizophrenia in this syndrome strongly suggests that there might be an alternative explanation.
Research into cognitive development in schizophrenia in the general population indicates that
cognitive decline occurs in late adolescence,14 but some studies also suggest that academic or
cognitive deficits can be found as early as in the first grade of school.15-18 These findings are
in keeping with the neurodevelopmental model of schizophrenia. Against this background, a
cognitive decline in people with 22q11DS – in this study defined as a decrease in IQ scores shown
by repeated measurements – may be viewed as the first manifestation of schizophrenia. Indeed,
in a cross-sectional study of 43 children with 22q11DS, Debbané et al. reported that children
with psychotic symptoms had significantly lower verbal IQ (VIQ) scores than those without
such symptoms.19 Gothelf et al. reported that a decline in VIQ in adolescence may be associated
with an increased risk of psychotic symptoms during follow-up.11,20 In an attempt to replicate
these findings and predict psychotic symptoms in 22q11DS, Antshel et al. reported a positive
association between deterioration of several cognitive functions, in particular executive and verbal
abilities, and the development of prodromal symptoms in late childhood/ adolescence.12 In the
largest cross-sectional study to date (n = 172) a negative correlation between age and Full Scale
IQ (FSIQ) was reported, with a stronger negative correlation between verbal IQ subscales and
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age compared with performance IQ.8 The authors noted that the cross-sectional design of their
study was a limitation and suggested that in future, longitudinal studies ‘the use of raw scores,
in addition to age-normed scores, should be used to help assess cognitive change over time’.8
Given the increased risk of schizophrenia in people with 22q11DS and the observed premorbid
deficit in cognitive abilities associated with schizophrenia in the general population, the study
of cognitive development in young children with 22q11DS is highly relevant. If, as research
suggests, cognitive abilities decline with age in these children, this implies that one or several
genes within the 22q11.2 region are causally related to cognitive deterioration during childhood.
Second, this study may clarify at what age this cognitive decline can be observed, and – perhaps
more importantly – whether all children display this decline or alternatively only a subgroup.
The latter question is particularly relevant and could be a focus of subsequent studies, as only
a subgroup of children with 22q11DS go on to develop schizophrenia later in adolescence or
adulthood. The objective of this prospective longitudinal study was to assess changes in IQ
levels in children between the ages of 5.5 and 9.5 years. To investigate whether any observed
decrease in IQ score was due to insufficient cognitive development leading to an increasing
discrepancy with age-required norms (growing into deficit), or rather a result of an absolute
decline in cognitive capabilities, both subtest scaled scores (i.e. age-specific normative scores)
and subtest raw scores (absolute test scores, prior to age-normative adjustment) were analysed. It
is important to note that although we included global measures of behaviour, the study was not
designed to assess neuropsychiatric symptoms, in particular the onset of psychotic symptoms.

method
This study was part of a nationwide prospective longitudinal psychological study of IQ levels
and behaviour in children with 22q11DS. In this ongoing study, enlistment is allowed at any age
between 1 and 15 years. Participants were recruited through referrals from genetic counsellors,
cleft palate clinics and paediatric cardiologists from hospitals throughout The Netherlands
or through postings on the website of the Dutch parent support group VCFS/ 22q11. The
inclusion criterion was the presence of a 22q11.2 deletion confirmed by fluorescence in situ
hybridization analysis (FISH) or multiplex ligation-dependent probe amplification (MLPA).21
The assessment protocol was approved by the Dutch Central Committee on Research involving
Human Subjects. Written informed consent was obtained from all parents or guardians.
A total of 77 children (27 boys, 50 girls) were originally included. Of this group 8 children (1
boy, 7 girls) were estimated to have intellectual disabilities below the range of the DSM-IV
category ‘moderate mental retardation’. Data pertaining to the latter children were excluded
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from all statistical analyses because the longitudinal development of IQ levels as assessed by
the test protocol could not be monitored (see Supplement S4.1 for additional information on
this group). Of the remaining group of 69 children (26 boys, 43 girls), 41 were assessed twice
and 28 were assessed three times at the age of 5.5, 7.5 and/or 9.5 exactly (Table 4.1). Drop-out
at various measurement points are also described in Table 4.1.

Education
Parents were asked to report their highest level of education attained and were categorised
according to the International Standard Classification of Education (ISCED) designed by the
United Nations Educational, Scientific and Cultural Organization (UNESCO).22 In the general
Dutch population 27% of men and 24% of women have completed higher (tertiary) education.23
When controlling for the effects of FSIQ with level of parental education, it was found that within
the group, 31-34% of fathers and 31-40% of mothers had completed higher ‘tertiary’ education.

Assessment
At 5.5 years of age the Dutch version of the Wechsler Preschool and Primary Scale of
Intelligence-Revised (WPPSI-R) was used.24 However, 15 (of 53) children could not be assessed
with this test due to speech problems. In these cases the Snijders-Oomen non-verbal test
(SON-R 2½–7) was used. Correlations between FSIQ scores derived using the SON-R 2.5–7
and WPPSI-R are high (r = 0.75).25

Table 4.1

Distribution of assessments at 5.5, 7.5 and 9.5 years (N = 69)

Mean age (SD)

5.5 (.2)
yrs

7.5 (.2)
yrs

9.5 (.1)
yrs

Number of children assessed at:
5.5 and 7.5 years

20

20

*

7.5 and 9.5 years

**

16

16

5.5 and 9.5 years

5

***

5

5.5, 7.5 and 9.5 years

28

28

28

53

64

49

Total per age group
Total number of children assessed at least twice: 69
Total number of children assessed at 7.5 & 9.5 years with WISC-III: 29
*
**
***

2 declined further participation, 1 moved abroad, 17 did not reach age of 9.5 yet
15 not participating in study at this age, 1 with somatic health problems at this age
2 with somatic health problems, 3 not able to be tested with standard test protocol
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At 7.5 years and 9.5 years of age the children’s Full Scale IQ was assessed using the Dutch ver
sions of the Wechsler Intelligence Scale for Children – Revised (WISC-RN) and/ or the Wechsler
Intelligence Scale for Children Third Edition (WISC-III-NL).26,27 The Wechsler tests consist of 2
scales, one assessing verbal IQ (VIQ) and a scale assessing performance IQ (PIQ). The test thus
yields three scores: FSIQ, VIQ and PIQ, each with a mean of 100 and a standard deviation of 15.
The study started before the WISC-III-NL was published in The Netherlands; therefore early
participants (n = 15) have been assessed with the WISC-RN at 7.5 years and with the WISCIII-NL at 9.5 years. All other participants (n = 29) were assessed with the WISC-III-NL at both
ages. Research on the correlation between WISC-RN and WISC-III-NL suggests that the two
tests yield similar results for FSIQ (r = .88).27 Since changes in cognitive test performance can
be associated with changes in behaviour or influenced by the use of psychotropic medication,
parents were asked to fill in the Child Behaviour Checklist (CBCL 6–18) while the child was
being assessed.28 Also, use of psychotropic medication was recorded at all assessment points.

Statistical analysis
In total 69 participants were successfully assessed two or three times. Descriptive analyses were
used. In order to take missing values into account, the research design chosen was a multilevel
analysis by use of mixed models. Mixed models are used for the analysis of data measured over
time to study population-level change and individual differences in change characteristics and
allow for missing data. The sensitivity of parameter estimates to missing data assumptions can
be studied, for example, by fitting multiple models that make different assumptions about the
missing data process.
Potentially confounding variables (gender and used test) were controlled for. First, multilevel
analyses of the development of FSIQ, VIQ and PIQ scores between 5.5 and 9.5 years were
performed (N = 69). Second, given that only the WISC-RN and the WISC-III-NL allow for
analysis of the progression of the subtest scores (the WPSSI-R results in different subtest scores),
measurement at 5.5 years was discarded and a paired samples t-test was used to analyse the subtest
scaled scores at 7.5 and 9.5 years for children assessed with either WISC-RN or WISC-III-NL
(n = 44). Third, to differentiate between growing into deficit and the possibility of an absolute
decline in cognitive abilities, the results of a subgroup of children that were tested with the WISCIII-NL at both ages 7.5 years and 9.5 years (n = 29) were examined using the raw subtest scores.
An independent-samples t-test was used. Finally, a number of statistical tests were compared to
exclude the possibility of relevant test-related confounding effects on the results. To compare the
results of the various tests used at the different ages (SON-R 2.5–7 and WPPSI-R at 5.5 years;
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WISC-RN and WISC-III-NL at 7.5 years), the possibility of test related effects on the changes in
IQ scores over time was examined. This was especially important because the primary interest of
this study is the longitudinal development of cognition. To this end IQ changes were compared
between children who were tested with the WISC-III-NL at both ages (n = 29) and those tested
with WISC-RN at 7.5 and WISC-III-NL at 9.5y (n = 15), using an independent samples t-test.
Significance level was set at 5%. All statistical calculations were carried out using SPSS version
15.0.

RESULTS
Cognitive development 5.5 – 9.5 years
Table 4.2 presents the cross-sectional data and gender-specific development in IQ levels for the
sample (n = 69). Gender differences in favour of girls were found for FSIQ at 5.5 years and 7.5
years of age, for VIQ at 5.5 years and for PIQ at 7.5 years. Multilevel analyses of the cognitive

Table 4.2 Descriptive information and cross-sectional group means of 22q11 sample and results
of the comparisons of gender for FSIQ, VIQ and PIQ at three age levels (N = 69)
Age

5.5 yrs

7.5 yrs

9.5 yrs

Mean age at
assessment (SD)

5.5 (.2)

7.5 (.2)

9.5 (.1)

n

53

67

49

Gender, female (%)

35 (66)

43 (67)

29 (59)

Familial deletion (%)

4 (8)

3 (5)

3 (6)

FSIQ (SD)

78.8 (14.4)

72.6 (12.0)

69.1 (12.2)

Female/ male FSIQ (SD)

82.1 (13.8)/ 72.6 (13.6)*

75.4 (11.6)/ 67.3 (11.3)**

71.6 (11.9)/ 65.4 (11.8)

VIQ (SD)

80.1 (14.2)

76.4 (12.3)

71.4 (12.8)

Female/ male VIQ (SD)

82.8 (14.8)/ 72.2 (8.7)*

77.9 (11.9)/ 73.3 (12.6)

73.7 (12.7)/ 68.0 (12.4)

PIQ (SD)

77.0 (14.3)

75.0 (12.1)

72.3 (12.2)

Female/ male PIQ (SD)

78.9 (15.1)/ 70.4 (8.6)

77.2 (12.1)/ 70.3 (10.8)*

74.8 (11.8)/ 68.7 (12.2)

FSIQ = Full Scale IQ; VIQ = Verbal IQ; PIQ = Performance IQ; SD = standard deviation
95% CI = 95% Confidence Interval
* p < .05
** p < .01
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tests indicated that FSIQ scores declined significantly (p < 0.0001) by -2.93 IQ points per year
(SE = 0.32, 95% CI, -3.56 – -2.30).Verbal IQ also declined significantly (p < 0.0001) by -2.25
points per year (SE = 0.38, 95% CI, -3.01 – -1.50), as did PIQ (p = 0.015) by -1.07 points per
year (SE = 0.44, 95% CI, -1.96 – -0.18). There was a more severe cognitive decline in girls than
in boys for FSIQ (p = 0.02, SE = 2.85, 95% CI, 1.1 – 12.49) and PIQ (p = 0.019, SE = 2.78, 95%
CI, 1.16 – 12.26). This difference was not found for VIQ (p = 0.07; SE = 2.96; 95% CI, -0.47 –
11.4). Figure 4.1 shows the development of FSIQ, VIQ and PIQ from age 5.5 years to 9.5 years
based on the results of the multilevel analyses.
The proportion of children with a familial deletion in the group (6%) was comparable to
other published results (11%), (χ²1 = 1.65, p = 0.20)29 and showed no significant difference in
FSIQ, VIQ or PIQ at any age when compared with children with a de novo deletion. Cardiac
anomalies were found in 31 of 69 children (45%) and included tetralogy of Fallot, ventricular
septal defect and interrupted aortic arch. No significant difference in FSIQ, VIQ or PIQ score
at any age was found.

Mean FSIQ
Mean VIQ
Mean PIQ

81
80,1
78,8
78
77,0

Mean IQ

76,4
75,0

75

73,5
72,3

72

71,4

69,1

69

5.5

7.5

9.5

Figure 4.1 Mean development of IQ in children with 22q11DS from 5.5 years to 9.5 years
(based on results of mutilevelanalysis, N = 69).
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Cognitive development 7.5 - 9.5 years
Figure 4.2 presents the progression of age-normative (scaled) subtest scores per subtest from 7.5
years to 9.5 years (n = 44). Within the VIQ scale significant declines were found for the subtests
Arithmetic (p = 0.008, 95% CI, -1.77 – -.28), Vocabulary (p < 0.0001, 95% CI, -2.29 – -.97) and
Comprehension (p < 0.0001, 95% CI, -2.07 – -.77). Within the PIQ scale significant declines
were found for the subtest Block Design (p = 0.035, 95% CI, -1.48 – -.06). See Supplemental
Table 4.3.

Change in raw test scores 7.5 - 9.5 years
Among the group assessed with the and WISC-III-NL at both 7.5 years and 9.5 years of age (n
= 29) were children who obtained a lower absolute (raw) score at 9.5 years for the same series
of questions or tasks that had been presented at age 7.5 (Figure 4.3). A lower raw score implies
a decrease in performance where normally an increase would be expected due to ageing and
maturation of the child. In a substantial subgroup of 10 children (34%), this absolute decline

VIQ

PIQ

7.5 yrs

9

9.5 yrs
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Figure 4.2 Change in subtest scaled scores from 7.5 to 9.5 years (n = 44) as assessed with the
WISC-R and WISC-III-NL. * p < .05; ** p < .01; *** p < .001.
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Figure 4.3 Progression in raw (i.e. not adjusted to age-specific norms) WISC-III subtest scores
between 7.5 and 9.5 years (n = 29), expressed as the delta raw score (raw score 9.5y – raw
score 7.5y). In the area between the lines “No progress” and “Growing into deficit” subtest
raw scores indicate an absolute progress, which is however not enough to keep up with the
normatively required progress. Note that scores in this area, although improving, contribute
to a decrease in scaled subtest scores, and ultimately in total IQ score at age 9. Thus, this area
can be considered consistent with the concept of “growing into deficit”. Raw scores above this
area contribute to a stable or improved subtest score at age 9. Scores in the gray area indicate
an absolute decline; implying that the subject performed less well on the exact same subtest,
regardless of age norms.

in abilities was observed for two or more subtests (Supplemental Table S4.2). Furthermore,
Figure 4.3 shows clearly the area in which children were growing into deficit: their raw scores
were better than they were at age 7.5, but did not meet the age-related increase required and
seen in their peers without the syndrome. Some children showed enough progress in two or
more subtests to obtain the same age-specific normative score at age 9.5 years as they did at
7.5 for at least some subtests (Supplemental Table S4.2). Further analysis demonstrated that an
absolute decline in two or more subtests was significantly associated with a decreased probability
of stabilisation in the normative score in the remaining subtests (Fisher’s exact test, p = 0.04).
Comparing the subgroup of children (n = 10) with a cognitive decline in two or more subtests
with the remainder of the participants (n = 19) showed that there was no worsening in the
decline group as measured by changes in CBCL scores (p = 0.85, .36, .15 respectively for total,
internalizing and externalizing problem scores). The CBCL results are presented in more detail
in Supplemental Tables S4.3 and S4.4.
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Possible inter test effects
At age 5.5 years the SON-R 2.5–7 (n = 15) and the WPPSI-R (n = 41) FSIQ scores were not
significantly different (p = 0.45). At 7.5 years a trend towards a significant difference between
FSIQ scores measured by WISC-RN and WISC-III-NL was found (p = 0.073). This was to be
expected and is in concordance with results described in the WISC-III-NL manual.27 Indeed, a
larger (and significant) difference in VIQ (10.1 points, p = 0.006) was found, with the WISC-RN
yielding the higher scores. Performance IQ scores were not significantly different between WISCRN and WISC-III-NL (p = 0.47) at 7.5 years. However, regarding the longitudinal development of
cognitive performance, and therefore of particular relevance to the current study, no significant
differences were found for the mean change from 7.5 years and 9.5 years in FSIQ, VIQ and PIQ
scores as measured by WISC-RN and WISC-III-NL respectively (Supplemental Table S4.5).
These results suggest that the identified changes in IQ scores were not significantly affected by
the cognitive tests used. Nevertheless, to exclude any bias due to the use of different test versions,
only WISC-III-NL results were used to analyse the longitudinal course of the raw scores. Parental
level of education was not found to be a predictor of cognitive delay (data not shown).

DISCUSSION
On average, cognitive abilities as expressed by Full Scale IQ scores declined significantly by a
mean of 9.7 IQ points between the three assessments at ages 5.5 years, 7.5 years and 9.5 years
in this population. Consistent with previous reports, this decline was twice as great for verbal
IQ as it was for performance IQ. Within the VIQ scale, significant declines were found for the
subtests Vocabulary, Comprehension and Arithmetic, suggesting that the overall cognitive
decline is mainly driven by a progressive delay in verbal comprehension and expression.
Within the scale measuring PIQ a significant decline was found for the subtest Block Design.
Furthermore, an absolute decline in cognitive performance at age 9.5 years as manifested
by lower subtest raw scores for at least two subtests (when compared with the same subtests
as used at age 7.5 years) was found in 10 of the 29 children who were tested twice with the
WISC-III-NL. These results indicate that the cognitive decline cannot be fully explained by
an inability of the children to keep up with the required age-related increase of raw scores in
the cognitive test, a phenomenon also known as growing into deficit. Rather, they indicate the
possibility of cognitive deterioration.
The foremost relevance of the results of the current study is that they strongly suggest the
possibility that one or more genes at the 22q11.2 locus are contributing to an early cognitive
decline as measured by repeated standardised IQ testing. In this regard, there may be several
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plausible candidate genes, including Catechol-O-Methyl Transferase (COMT), Proline
Dehydrogenase (PRODH) Phosphatidyl-inositol-4-kinase-catalytic-a PIK4CA and T-Box 1
(TBX1).11,30-32 Comprehensive reviews of 22q11.2 genes with potential to influence cognitive
development are provided elsewhere.33,34 Hence, future genetic studies focusing on the 22q11.2
region may elucidate one of the genetic factors involved in this phenotype.

Implications of cognitive decline
Early cognitive deficits and academic decline, occurring before the onset of the first psychosis,
are frequently reported in schizophrenia and therefore considered an important potential aspect
of the schizophrenia phenotype.14,35 It could be speculated that the observed decline in this study
is likely to be the first symptom of schizophrenic disorder in 22q11DS. Interestingly, the absolute
decline does not occur in all subjects, but rather in a subgroup, parallel to the observation
that only a subgroup of people with 22q11DS will develop schizophrenia. However, in order
to answer this question a continued follow-up into adulthood is required as the participants
in our study are currently too young to be ascertained for the emergence of schizophrenia.
Our clinical test protocol ensures that all children have psychiatric assessments from the age
of 11 years (end primary school) and earlier if thought necessary by parents or professionals.
The finding of a cognitive decline, which is mainly driven by a decrease in verbal IQ, is consistent
with the findings of previous (mostly cross-sectional) studies in people with 22q11DS. Also, the
verbal and performance subscales that appear to be most affected are almost entirely consistent
with results of previous studies.8,20,36 The cross-sectional IQ data of this study shows gender
differences in favour of girls; in other words, boys are more cognitively affected than girls,
and this is already evident at the age of 5.5 years. This is consistent with some findings37,38 yet
inconsistent with others that found no gender differences.39 Our results, however, also show that
girls undergo a more severe cognitive decline than boys between the assessments at ages 5.5,
7.5 and 9.5 years. This is consistent with another recent longitudinal study in older children.12
It could be argued this finding is actually the result of a floor effect of the test: boys simply
cannot decline more severely because the test does not allow for it.
A number of children showed adequate progress in their performance on various subtests: that
is, their subtest performance improved beyond the minimum raw score required to maintain
the same age-specific normative score. In light of these findings, one could reason that the
observed absolute decline in subtest performance is the result of stochastic events rather than
being indicative of an underlying process in a subgroup of children. In that case one would
expect a random distribution of subtest raw scores showing progress and those showing an
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absolute decline in the children. However, further analysis demonstrated that an absolute decline
in two or more subtests was significantly associated with a decreased probability of progress in
the remaining subtests, thus refuting stochastic variability in performance as an explanation of
the findings. In other words, the results strongly suggest the existence of a subgroup of children
with 22q11DS who show a marked decline in cognitive abilities, including an absolute decline
in performance on two or more subtests.

Limitations of the study
The use of different cognitive tests at various ages can be considered a limitation of this study.
Two different approaches were used to overcome this problem. First, additional statistical
analyses were performed to rule out any test-specific effects of IQ scores with regard to both
the cross sectional and the longitudinal (IQ change) data. Except for a significant difference
in cross-sectional VIQ scores between the WISC-RN and the WISC-III-NL, a well-known
distinguishing characteristic of these scales, no difference was found in relation to the different
tests. More importantly, the change in IQ was not significantly affected by the use of the
different tests. In addition, the second approach to rule out test-related effects consisted of the
analysis of a subgroup of patients that were tested twice with exactly the same test (WISC-IIINL). Findings of this analysis confirmed the cognitive decline, and in addition indicated the
absolute loss of abilities in a subgroup of patients. The small size of this subgroup (n = 10) did
not provide sufficient power to examine the possibility of a distinguishing cognitive profile.
Another limitation of our study is that neuropsychiatric assessment of these young age children
was not part of the test protocol. Therefore, we cannot evaluate whether the observed changes
in IQ are correlated to psychiatric diagnoses such as attention-deficit hyperactivity disorder
and autism-spectrum disorder. However, previous studies by different groups strongly suggest
that such a correlation does not exist, or at least, is likely to be of modest strength at most.4,38,40

Clinical relevance
Apart from the relevance to the understanding of the genetic underpinnings of cognitive
deterioration, the observed decline also has clinical consequences for individuals with 22q11DS.
The results stress the importance of early screening and continuous monitoring of the cognitive
development of children with this syndrome. Over the years some of these children may be
increasingly challenged beyond their cognitive capabilities, but are expected to function at
the same academic level they were able to meet previously. A chronic situation of too much
stress is a known risk factor for a range of internalizing and externalizing psychiatric disorders.
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In conclusion, the results of this longitudinal study into the cognitive development of young
children with 22q11.2 deletion syndrome show a progressive decrease in FSIQ starting as early
as 5.5 years of age, mainly driven by a declining VIQ. The decline appears as an average group
effect, but not all children are (equally) affected. In part the results show that this decline occurs
as a result of stagnation of cognitive development relative to increasing cognitive requirements.
However, there appears to be a subgroup of children in whom this decline is characterised by
an absolute loss of cognitive faculties.

Future research
From a research perspective the 22q11.2 deletion syndrome can be viewed as a unique
experiment of nature providing a powerful model in which the same genetic variant is associated
with a highly increased risk of developing brain-related phenotypes. Elucidating these various
22q11DS related phenotypes, as well as identifying the underlying genetic mechanism that
can account for them may provide important novel insights in neuroscience. The findings
reported here suggest the possibility that one or several genes at the 22q11.2 locus contribute
to an early cognitive decline.
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SUPPLEMENT
S4.1 Excluded patients
For all the following children intelligence level was estimated to be below the range of moderate
mental retardation. Intelligence scores were not able to be derived, in some cases an age
equivalent was available. Data pertaining to these children was excluded from all statistical
analyses.
Case 7 (f)

At age 5.7y patient was unable to be tested, intelligence level was estimated to be below the range
of moderate mental retardation. Patient is also physically handicapped. At age 7.5y parents
declined assessment although they are still participating in the study.
Case 71 (f)

At 7.8y and 9.5y scores from the SON-R 2.5–7 indicated IQ levels below the range of moderate
mental retardation (age equivalent of 2.7y and 3.7y respectively were found).
Case 107 (f)

At age 7.2y and 9.6y patient was unable to be assessed by use of WISC-III-NL. No alternative
tests were used in this instance.
Case 112 (f)

At age 5.6y patient was unable to be tested. At age 7.6y IQ levels indicated levels below the
range of moderate mental retardation (age equivalent of 3.9y by use of SON-R 2.5–7). At 9.6y
patient was unable to be assessed by use of WISC-III-NL.
Case 126 (f)

At 7.11y and 9.5y scores from the SON-R 2.5–7 indicated IQ levels below the range of moderate
mental retardation (age equivalents of 3.8y and 4.2y respectively were found).
Case 131 (f)

At 7.5y and 9.6y scores from the SON-R 2.5–7 indicated IQ levels below the range of moderate
mental retardation (age equivalent of 2.5y and 2.11y respectively were found). Their daughter
is still not speaking.
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Case 145 (m)

At 7.6y scores from the SON-R 2.5–7 indicated IQ levels below the range of moderate mental
retardation (age equivalent 2.7y). At 9.5y parents declined assessment although they are still
participating in the study.
Case 153 (f)

At 5.7y and 7.6y scores from the SON-R 2.5–7 indicated IQ levels below the range of moderate
mental retardation (age equivalent of 2.6y and 3.3y respectively were found). At 9.5y parents
declined assessment for their daughter, they are still participating in the study. Their daughter
is still not speaking.
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Table S4.2 Change in subtest raw scores from 7.5 to 9.5 years per individual, sorted by amount of subtests showing a negative development.
corresponding change in FSIQ, VIQ and PIQ are presented as absolute scores (n = 29)
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Remaining group²

Decline group¹

Remaining group²

Decline group¹

¹ Absolute decline in raw scores of 2 or more subtests (n = 10)
² No decline in raw scores or in less than 2 subtests (n = 19)

Externalizing problems at 7.5y

Internalizing problems at 7.5y

Remaining group²

Decline group¹

0 (0%)

Clinical range

0 (0%)

1 (5%)

1 (5%)

2 (22%)

0 (0%)

0 (0%)

Borderline range

2 (11%)
0 (0%)

Clinical range

0 (0%)

2 (11%)

1 (5%)

0 (0%)

2 (22%)

0 (0%)

11 (58%)
0 (0%)
1 (5%)

Clinical range

0 (0%)

Clinical range
Borderline range

1 (11%)

Borderline range
Normal range

4 (44%)

Normal range

0 (0%)

0 (0%)

1 (5%)

1 (11%)

0 (0%)

1 (11%)

Externalizing problems at 9.5y

8 (42%)

0 (0%)

Clinical range
Borderline range

0 (0%)

Borderline range
Normal range

2 (22%)

Normal range

Internalizing problems at 9.5y

1 (5%)

Borderline range

0 (0%)

Clinical range
9 (47%)

0 (0%)

Borderline range
Normal range

3 (33%)

Normal range

Normal range

Total problems at 9.5y

3 (16%)

2 (11%)

1 (5%)

2 (22%)

0 (0%)

0 (0%)

4 (21%)

1 (5%)

1 (5%)

3 (33%)

0 (0%)

2 (22%)

7 (37%)

0 (0%)

0 (0%)

3 (33%)

1 (11%)

0 (0%)

Clinical range

Reported (change in) behaviour as assessed by CBCL at 7.5 and 9.5 years by subgroup (n = 29) by child and in percentages

Total problems at 7.5y

Table S4.3
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60.3 (14.3)
57.4 (10.2)

Internalizing problems

Externalizing problems

62.6 (11.6)
58.3 (9.2)

55.4 (10.1)

63.0 (10.0)

56.0 (11.1)

58.6 (11.1)

¹ Absolute decline in raw scores of 2 or more subtests (n = 10)
² No decline in raw scores or in less than 2 subtests (n = 19)

60.9 (11.9)

Total problems

Decline group (SD)

Decline group¹ (SD)

Remaining group² (SD)

9.5y

7.5y

53.7 (12.4)

58.7 (11.1)

57.8 (12.0)

Remaining group (SD)

-9.7 – 1.6

-8.8 – 3.3

-7.2 – 5.9

95% CI

Table S4.4 Change in mean CBCL scores per subgroup and corresponding Confidence Intervals (n = 29). No significant differences were
found between the two groups.
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ABSTRACT
Patients with 22q11DS are at risk of behavioral problems and cognitive impairment. Recent
studies suggest a possible intellectual decline in 22q11DS children. To date it is unknown
if cognitive development is related to the behavioral problems in 22q11DS. We studied 53
children with 22q11DS who underwent cognitive and behavioral assessments at 9.5 years (T1)
and 15.3 years (T2). In about one third, IQ data obtained at 7.5 years (T0) were also available.
Results showed that internalizing behaviors intensified while externalizing behaviors decreased.
Simultaneously, in about a third a significant decline in IQ was found, which, surprisingly, was
unrelated to the behavioral changes. It can be concluded that children with 22q11DS follow a
unique developmental trajectory. Cognitive deterioration is severe in some but does not appear
to predict behavioral problems in early adolescence.
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INTRODUCTION
The 22q11 deletion syndrome (22q11DS) is a genetic disorder affecting approximately 1 in 4000
live births.1 The cognitive phenotype of 22q11DS in children and adolescents is characterized
by a borderline range of functioning (Full Scale IQ 70-75).2,3 However, cognitive level may be
unstable in the 22q11DS population; cross-sectional studies suggest a negative correlation
between age and FSIQ3,4 and recent longitudinal studies also describe a decrease in FSIQ,
mainly driven by a decline in verbal IQ (VIQ).5,6 Duijff et al.7 report declines in FSIQ, VIQ
and PIQ starting as early as age 5 which can only be partly explained as the result of ‘growing
into deficit’; a subgroup of children showed an absolute loss of cognitive faculties as measured
by a substantial decline in raw scores over a 2 year period.
Children and adolescents with 22q11DS also display various psychiatric problems. Attention
Deficit Hyperactivity Disorder (ADHD), Autism Spectrum Disorder (ASD), psychotic disorder
and various anxiety disorders are commonly reported.4,8-16 In about one third of adults with
22q11DS a psychotic disorder has been reported; but even in childhood hallucinations and
delusions appear to be frequent and are reported in up to a quarter of children.4,10,15,16 It is
questionable whether children with 22q11DS are really at an increased risk of all these different
DSM-IV disorders. Possibly, the same behavioral manifestations are labeled differently as
a result of age at assessment, methods of examination and differences in interpretation of
observed symptoms. As an alternative to the categorical method of classification, the observed
behavioral symptoms can also be described using a more dimensional approach17 in which the
nature and intensity of behavioral symptoms are observed and recorded, regardless of whether
they meet criteria for a dichotomous classification for a specific psychiatric diagnosis. From this
perspective, there appear to be clear recurring problem areas in 22q11DS children. These domains
of symptoms include social problems, attention problems, psychotic symptoms, and anxiety
problems.3,4,6,18-23 A way of assessing these behavioral problems is by use of the Child Behavior
Checklist (CBCL),24 a questionnaire filled out by parents. In various cross-sectional studies on
children with 22q11DS in which the CBCL is used, parents report higher total impairment scores
in older children12,19,22,25,26 than those studies describing younger children.23,27,28 This suggests a
positive relationship between age and problem behavior in children with 22q11DS.
Although psychiatric problems occur in individuals with cognitive abilities across the entire IQ
range, several studies have demonstrated that within the general population a lower intelligence
is associated with a higher frequency of psychiatric /behavioral problems.29-31
In summary, thus far studies indicate that, in comparison to the general population, children
with 22q11DS: (1) have a lower mean FSIQ, (2) may show a decline of cognitive abilities with
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age and, (3) display more behavioral problems. To date it is unknown to what extent changes
in cognitive abilities in the transition from late childhood into adolescence could be used as a
predictor for the onset of behavioral/ psychiatric problems in 22q11DS. This knowledge could
increase our understanding of this complex genetic syndrome as well as improve the quality
of clinical care for these patients.
Based on the above literature discussion we formulated 3 hypotheses:
1. With respect to cognitive development, we expect a subgroup of children with 22q11DS to
show a decline in cognitive level over time as they develop into adolescence.
2. In line with cross-sectional results we hypothesize that with age, more behavioral problems
will emerge in children with 22q11DS.
3. We hypothesize that a decline in cognitive level increases the probability of behavioral
problems in children with 22q11DS.

methodS
This study is part of a nationwide prospective longitudinal psychological study on intelligence
and behavior in children with 22q11DS. In this ongoing study, enlistment is allowed at any
age between 1 and 15 years.
Participants were recruited through referrals from genetic counselors, cleft palate clinics and/
or pediatric cardiologists from hospitals throughout The Netherlands or through postings
on the website of the Dutch parent support group VCFS/ 22q11 (http://www.vcfs.nl). This
website is freely accessible to the public. Inclusion criterion was the presence of a 22q11.2
deletion confirmed by FISH analysis (fluorescence in situ hybridization) or MLPA (multiplex
ligation-dependent probe amplification).32 The assessment protocol was approved by the Dutch
Medical Ethical Review Commission (M.E.T.C.). Written informed consent was obtained from
all parents or guardians.
The current study focuses on the transition from late childhood (T1) into adolescence (T2).
Mean (SD) age at T1 was 9.5 (0.4) years and 15.3 (0.6) years at T2. Between T1 and T2 there
was a mean (SD) time of 5.8 (0.6) years. Originally a total of 62 children were assessed at T1.
Of this group 3 children could not be tested with formal IQ tests, however they were estimated
to have an intelligence level below the range of moderate mental retardation (see Supplement
S5.1). Data pertaining to these children were excluded from all statistical analyses, resulting
in 59 children at T1 (37 girls, 22 boys). From this cohort 89% (53 children, 36 girls, 17 boys)
were re-assessed at T2 (drop out of 6 children at T2 is described in Supplement S5.2). Although
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22q11DS is not gender specific, in this study significantly more girls than boys participated at
T2: χ² (1) = 6.8, p = .009, mainly caused by male dropout at T2.
Sixteen of the children reported in this study have also been described in an earlier article on
the development of children between the age of 5 and 9.7.7 Including this data in the current
study in a posthoc analysis allowed for the analysis of the development of cognitive abilities of
children with 22q11DS from the age of 7.5 (T0).
Parents were asked to report on the highest level of education attained and were categorized
according to the International Standard Classification of Education (ISCED) as designed by
UNESCO.33 In the general Dutch population 30% of men and 26% of women have completed
higher ‘tertiary’ education while 43% of both men and women completed secondary education.34
It was found that within the 22q11DS group, 29% of fathers and 31% of mothers had completed
higher ‘tertiary’ education and 39% of fathers and 43% of mothers had completed ‘secondary’
education, implying that the parent’s level of education is representative for the Dutch
population.
All assessments were administered individually by a trained mental health professional holding
at least a bachelor level degree. Most measures were administered at the University Medical
Centre Utrecht in a special assessment room in the morning. Eight children were assessed at
school at either T1 or T2. Behavioral questionnaires were filled in at home by parents.
At T1 all participants were assessed using the Wechsler Intelligence Scale for Children – Revised
(WISC-RN)35 and/ or the Wechsler Intelligence Scale for Children Third Edition (WISC-IIINL).36
The Wechsler tests consist of 2 scales, a scale assessing verbal IQ (VIQ) and a scale assessing
performance IQ (PIQ). The test yields three scores: FSIQ, VIQ and PIQ, each with a mean
norm score of 100 and a standard deviation of 15. The study started before the WISC-IIINL was
published in The Netherlands; therefore early participants (n = 22) have been assessed with
the WISC-RN at T1 and with the WISC-IIINL at T2 (WISC-RN – WISC-IIINL group). All other
participants (n = 31) were assessed with the WISC-IIINL at both ages (WISC-IIINL – WISCIIINL group). The high correlation between WISC-RN and WISC-IIINL derived scores (r = .88)
suggests that FSIQ results from both tests are comparable.36
Any observed decrease in IQ in this population could be due to insufficient cognitive development
leading to an increasing discrepancy with age-required norms (a concept referred to as ‘growing
into deficit’), or alternatively, to an absolute decline in cognitive capabilities. To investigate both
scenarios, the subtest scaled scores (i.e. age specific normative scores) as well as the subtest raw
scores (i.e. absolute test scores, prior to age-normative adjustment) were analysed.
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The Dutch version of the Child Behavior Checklist 6–18 (CBCL)24 was completed by the
children’s parents. It is a questionnaire with 120 items describing the behavior in children from
a parent’s point of view. It investigates internalizing problems (anxious/depressed, withdrawn/
depressed and somatic complaints), externalizing problems (rule breaking behavior and
aggressive behavior) and social problems, thought problems and attention problems.
The CBCL results are expressed as T-scores, based on age and gender norms. The mean T-score
is 50 (SD = 10). A T-score of either 70 or higher on one of the subscales, or 64 or higher on
the internalizing, externalizing or total problems scales is classified as ‘clinical’, indicating
psychopathology.
To evaluate if an individual child displayed more behavioral problems over time, changes in
raw scores were compared with the standard error of measurement (SEs). The manual for
the ASEBA School-age Forms & Profiles provides these SEs for each scale, based on age and
gender.24 Also, use of psychotropic medication was recorded at both time points.
First, paired t-test analyses were performed to analyse the change in cognitive level as measured
by the development of FSIQ, VIQ and PIQ between T1 and T2 (N = 53).
Secondly, to differentiate between growing into deficit and the possibility of an absolute decline
in cognitive abilities the results of a subgroup of children that were tested with exactly the same
test (WISC-IIINL) at T1 and T2 were examined (n = 31) using the raw subtest scores.
The possibility of test related effects on the changes in IQ scores over time was examined. This
was especially important, as the primary interest of this study is the longitudinal development
of cognition. To this end IQ changes were compared between children who were tested with the
WISC-IIINL at both ages (WISC-IIINL – WISC-IIINL, n = 31) and those tested with WISC-RN
at T1 and WISC-IIINL at T2 (WISC-RN – WISC-IIINL, n = 22), using an independent-samples
t-test. Also, in a posthoc analysis the FSIQ results of 16 children assessed at T0 were examined.
Change in behavior as measured by the CBCL behavioral scales was analysed between T1 and
T2 by use of paired t-test. Descriptives were used to investigate individual changes in behavioral
problems with age and if found, whether this change resulted in a different categorisation of
the behavior (e.g. from normal into borderline/clinical range).
Finally, multiple regression analysis was used to control for the effect of parental education,
gender, congenital heart defects or change in FSIQ on the change in behavioral problems.
Significance level was tested two-sided with α = 0.05. All statistical calculations were carried
out using SPSS version 19.0 statistical analysis software.
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RESULTS
Between T1 and T2 mean FSIQ declined significantly with, on average, 5.9 points (p < .0001, SE
= .95, 95% CI 3.98 – 7.79). Change in FSIQ ranged from -24 to +10 FSIQ points. See Figure 5.1
for the distribution of delta FSIQ; this figure illustrates a substantial left shift in the distribution
of FSIQ change between time points.
VIQ and PIQ both declined significantly. VIQ declined (p < .0001) with 4.75 VIQ points (SE
= 1.06; 95% CI 2.91 – 7.17), VIQ change ranged from -23 to +8. PIQ declined significantly
(p < .0001) with 5.17 IQ points (SE = 1.37; 95% CI 2.55 – 8.04), ranging from -32 to +26 PIQ
points. Verbal Comprehension and Perceptual Organization declined significantly. Processing
Speed did not decline over time. Results are presented in Table 5.1.
No gender differences were found in the longitudinal changes after correcting for multiple
testing for FSIQ, VIQ or PIQ.
At T1 no significant differences were found between the mean scores on the WISC-RN when
compared with the WISC-III. Both the WISC-RN–WISC-IIINL group (n = 22) and the WISCIIINL–WISC-IIINL group (n = 31) showed a significant decline in the mean development of
FSIQ, VIQ and PIQ from T1 to T2. FSIQ and VIQ declined more severely when children were
assessed with the WISC-RN at T1 (see Supplemental Table S5.3).

Figure 5.1

Distribution of delta FSIQ from T1 to T2 (N = 53).
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Table 5.1 Mean longitudinal change in cognition (N = 53) and behavior (N = 43) in 22q11DS
from 9.5 years (T1) to 15.3 years (T2)
T1 (SD)

T2 (SD)

T2-T1 (SD)

p

FSIQ (SD)

69.8 (12.1)

min–max

48–99

63.9 (11.5)

-5.9 (6.9)

< .0001*

45–92

-24 to 10

VIQ (SD)

72.0 (13.1)

67.1 (11.8)

-4.8 (7.5)

min–max

48–103

55–101

-23 to 8

PIQ (SD)

73.0 (12.6)

67.6 (10.6)

-5.2 (9.7)

min–max

48–96

55–96

-32 to 26

Verbal comprehension (SD)

71.5 (12.6)

68.5 (13.0)

-3.0 (6.3)

min–max

54–103

54–106

-15 to 8

Perceptual organization (SD)

73.2 (11.5)

70.0 (11.1)

-3.2 (7.1)

min–max

49–98

48–91

-17 to 14

Processing speed (SD)

79.7 (14.3)

75.7 (15.2)

-4.1 (13.5)

min–max

55–102

55–105

-28 to 33

Anxious/depressed

59.00 (8.75)

60.73 (10.22)

1.73 (9.09)

.23

Withdrawn/depressed

58.63 (7.33)

63.78 (9.40)

5.15 (9.26)

< .0001**

Somatic complaints

61.93 (7.50)

61.34 (9.40)

-.59 (10.34)

.72

Social problems

68.51 (8.47)

65.88 (6.78)

-2.63 (7.94)

.04

Thought problems

60.51 (8.06)

60.22 (7.72)

-.29 (7.28)

.80

Attention problems

57.27 (5.32)

58.68 (6.08)

1.41 (4.56)

.05

Rulebreaking behavior

52.93 (4.10)

53.59 (5.83)

.66 (6.48)

.52

Aggressive behavior

60.22 (8.18)

56.85 (6.34)

-3.37 (7.73)

.01

Internalizing

59.76 (9.36)

62.83 (9.39)

3.07 (10.17)

.06

Externalizing

55.80 (8.80)

53.07 (9.02)

-2.73 (9.01)

.06

Total problem

60.54 (9.57)

60.37 (7.94)

-.17 (8.74)

.90

< .0001*

< .0001*

.013

.017

.096

CBCL factors and subscales

* Sign. after Bonferroni correction (p < .008).
** Sign. after Bonferroni correction (p < .005).

The subtest raw scores of the children assessed with the WISC-IIINL at both T1 and T2 (n =
31) were analysed. The delta raw scores of this WISC-IIINL–WISC-IIINL group are presented in
Supplemental Table S5.4. Twelve children (38%) showed either a stagnation (delta raw score =
0) and/or decline in raw scores on one or more subtests between T1 and T2 (mean time span 5.8
years). This was mainly caused by a stagnation or decline on the bubtest symbol search (19%).
To find out what happens with FSIQ over an even longer period of tome, we analyzed the change
in both FSIQ and subtest raw scores of the group of 16 children that had also been assessed at
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7.5 years (T0) with the WISC-IIINL. Between T0 and T2, changes in mean FSIQ ranged from
-24 to +6. The results are plotted in Supplemental Figure S5.5; the raw score development is
shown in Supplemental Table S5.7. Some children showed a decline between T0 and T1 whereas
others decline between T1 and T2.
The variability in FSIQ reduced over time. At T0 FSIQ ranged from 52 to 95 (mean = 74.56;
SD = 11.73), while at T2 it ranged from 49 to 79 (mean 64.0; SD = 10.49).
Paired t-test analyses of the behavioral scales indicated that, between T1 and T2, mean scores
showed a significant increase in Withdrawn/ Depressed Behavior (p = .001), even after
Bonferroni correction for multiple testing (see Table 5.1). Figure 5.2 clearly shows a change
in behavioral profile with age, characterized by a shift in the proportion of internalizing/
externalizing behavior. At T1 the difference between the internalizing and externalizing scale
is 3.95 (p = .001, SE = 1.12; 95% CI 1.70 – 6.20), at T2 the difference is 9.76 (p < .0001, SE =
1.49; 95% CI 6.74 – 12.77). Mean total problem behavior stayed constant.
An analysis of the delta raw scores showed a 50% increase in internalizing behavior and a 37%
increase in total problem behavior. A 70% increase in withdrawn/ depressed behavior and an
increase of nearly 50% in attention problems at T2 was noted. The increase in withdrawn/
depressed behavior, led to 41.5% of children scoring above the 93rd percentile (clinical/
borderline range) at T2. On the other hand, only few children showed an increase in agressive
behavior. At T1 34.2% had an elevated score, while at T2 only 12.2% scores in the borderline/
clinical range on the aggressive behavior subscale. The internalizing behavior scale increased,
while the externalizing behavior was characterized by a decrease in behavioral problems with
age. This resulted in a slight improvement of the number of children scoring in the borderline/
clinical range at T2. The results are presented in Table 5.2.
No significant gender differences were found in behavior at T1, T2 or in longitudinal changes
after correcting for multiple testing (see Supplemental Table S5.5).
No relation was found between a change in mean FSIQ and an increase in behavioral problems
as reported by parents in the CBCL on any scale. No significant correlation was found between
change in FSIQ and change in behavioral problems. Figure 5.3 illustrates this more clearly.
Multiple regression analysis was used to control for the effect of parental education, gender,
congenital heart defects or change in FSIQ on the change in behavioral problems. Using a
forward method, no significant results were found. Even when all variables were included in the
model the variability in the outcome only accounted for 8.7% by these predictors (R2 = .087).
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Figure 5.2

Mean CBCL scores at 7.5 years (T1) and 15.3 years (T2) in children with 22q11DS.
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Table 5.2 Increase in behavioral problems as measured by the change in raw scores (n = 41)
Change in raw scores T1-T2

Normal range (%)

Increase (%)

Decrease (%)

T1

T2

Anxious/depressed

36.6

17.1

68.3

70.8

Withdrawn/depressed

70.7

19.5

75.6

58.5

Somatic complaints

36.6

41.5

73.2

73.1

Social problems

17.1

51.2

31.7

41.5

Thought problems

24.4

34.1

61

68.2

Attention problems

48.8

24.4

87.8

85.3

Rule breaking behavior

22.0

26.8

97.6

92.7

Aggressive behavior

14.6

46.3

65.8

87.8

Internalizing

51.2

31.7

48.8

41.4

Externalizing

24.4

58.5

60.9

75.6

Total problem

36.6

46.3

43.9

46.3

Figure 5.3 Change in FSIQ and change in Total Problem Score per child (a negative score is
a decline).
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Discussion and conclusion
This study focuses on the changes in IQ and behavior in the transition from childhood into
adolescence in children with 22q11DS. It was hypothesized that a subgroup of children with
22q11DS would show a decline in FSIQ over time; that with age, more behavioral problems
would emerge in children with 22q11DS and that a decline in FSIQ would be associated with
an increase in behavioral problems.
Changes in FSIQ were found, mainly characterized by a decline. In 32% of the group (N = 53) IQ
declined with ≥ 10 FSIQ points between 9.5 and 15.3 years. The average FSIQ of the remaining
68% of children stayed relatively stable. However, after incorporating the data of those children
who were also assessed at 7.5 years the picture changed. Of the children who had seemed stable
between 9.5 and 15.5 years, 31% turned out to already have declined between the age of 7.5 and
9.5. Therefore, when combining the data of these 3 time points it can be concluded that, based
on this study, in approximately 42% of 22q11DS children a significant and clinically relevant
decline in FSIQ occurs somewhere between the age of 7.5 and 15.
The variability in FSIQ declines with age and children with a relatively higher FSIQ at 7.5 years
showed a larger decline than children functioning in the lower range at that age. This could be
the result of a floor-effect; they simply can not decline further, due to the lower-bound limits
of the Wechsler test used. When analyzing the data of the group assessed with the same test at
T1 and T2 (n = 31) either a stagnation or a regression in raw subtest scores was found on one
or more subtests in approximately a third of children. The subtest Symbol Search showed the
greatest number of children with decline or stagnation (6/31). This could be a result of a lower
processing speed and accuracy at T2.
Behavior as measured by the CBCL (parental report) showed a significant shift in the behavioral
profile of children with 22q11DS although mean total problem scores remained constant. Scores on
the internalizing problem scale increased and were characterized by more withdrawn/ depressed
behavior while externalizing problem behavior decreased. However, there was no relationship
between the changes in cognitive level and behavior problems, thus refuting our third hypothesis.
The question raised by these results is: how stable is stable in 22q11DS? The negative correlation
between age and IQ is especially interesting, considering the fact that in the general population
intelligence is considered a relatively stable trait. A recent longitudinal study of 9-year-old
twin pairs and their siblings assessed with the WISC-IIINL at two time points showed a high
stability of FSIQ and VIQ over a 3 year span, and a slightly lower stability of PIQ.37 This study
excluded children with any known major medical or psychiatric history or who were attending
special education.
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Longitudinal reports on the cognitive and behavioral development in other genetic disorders
associated with intellectual disabilities are few. In one study longitudinal decreases in
IQ are reported in children with Fragile X syndrome, Williams-Beuren Syndrome and
neurofibromatosis type 1 over a 2-year period.38 Changes in FSIQ of ≥ 10 IQ points in some
children are reported, unfortunately raw scores are not provided. Also adaptive behavior
declined significantly in children with Fragile-X syndrome, but not in the other two syndromes
described. In another study no declines were found.39 Thus, available data suggests that 1)
cognitive decline during childhood may not be present in all genetic disorders associated with
mental retardation, and 2) it is uncertain to what extent an absolute decrease in IQ, such as
reported here, is common in genetic disorders other than 22q11DS. The results of the current
study replicate, in a different age group, our previous findings in younger children.7 The results
also support the suggestion that children whose IQ appears relatively stable up to their early
teens may still go on to decline in adolescence or adulthood.40
The outcome of this study may be particularly relevant in the context of the well established
increased risk of schizophrenia in patients with this genetic disorder.4,6,12,20 For instance, one
could argue that a growing discrepancy between cognitive abilities and the expectations of
school and home environment lead to increase in stress. Subsequently, enduring chronic stress
may induce in those vulnerable the emergence of psychosis.41 It could be hypothesized that
behavioral changes may precede the onset of psychosis and could therefore be a first indicator
of schizophrenia. However, against our expectations, in the transition from childhood to
adolescence cognitive decline was not associated with an increase in behavioral problems.
The CBCL contains 2 questions that enquire into visual and auditory hallucinations. Although
this questionnaire is by no means a sound measure for psychosis, we were interested to see
what parents reported. We found that parents did not report a significant increase in visual or
auditory hallucinations (question 40: hears things and question 70: sees things in the CBCL).
Although adolescents may be experiencing hallucinations, they do not necessarily disclose
these to their parents, resulting in underreporting of psychotic symptoms in this study. In
our study parents of 4/47 children experienced visual hallucinations and 5/47 had auditory
hallucinations at 15 years of age. Age at T2 precluded the possibility of taking psychosis as a
primary outcome measure in this study as many of the children without psychotic symptoms
can still be expected to develop psychosis in the coming years.
The same applies for the reported increase in withdrawn/depressed behavior. In patients
with schizophrenia, such negative symptoms might have preceded the onset of full-blown
schizophrenia. In our group of patients it remains to be seen if these behavioral characteristics
will indeed prove to be prodromal symptoms and will lead to psychosis or are perhaps related
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to other aspects of the syndrome. These negative behavioral characteristics, in combination
with positive characteristics, such as reported hallucinations, support the continuum hypothesis
between prodromal stage and full-blown psychosis within the 22q11DS-group.42 A longitudinal
follow-up of this group, as suggested by Stoddard and colleagues,43 can determine the specificity
and predictive validity of these symptoms in children with 22q11DS.
Participation in this study implied a regular monitoring of the child’s cognitive level. During
the course of the study over the years, a psychologist of the 22q11 team was available for
consultation and advice on educational adjustments in school and at home. This system of
clinical care might have lowered the potential risk of a mismatch between a child’s cognitive
abilities and environmental expectations, thereby reducing the possible development of stress.
Along with the results it is also important to note the limitations of our study. For one, the
lack of psychiatric assessments could be considered a limitation. As a result we cannot evaluate
whether any observed changes in IQ are correlated to psychiatric diagnoses such as ADHD
and ASD. However, several previous studies by different groups strongly suggest that such a
correlation does not exist, or at least, is likely to be of modest strength at most.3,15,22,44
Some children had a formal psychiatric diagnoses prior to participating in our study. To
our knowledge four children were diagnosed with ADHD of whom one boy who used
methylphenidate at T1 and T2 and one girl who used methylphenidate at T2 only. However,
we have not systematically assessed the use of stimulantia in all children. The results of the
behavioral questionnaires indicate that the severity of attention problems over all is relatively
low. Nevertheless, 13% of children score in the clinical or borderline area (>93th percentile),
which is about twice as much as in typically developing children.
Females are overrepresented in this study, but no gender differences are found in the longitudinal
change of FSIQ and behavior. In our previous study a more severe decline was found for girls
than boys, concurrent with Antshel et al.45 We suggested then that the difference found may
have been the result of a floor effect of the WISC-IIINL: boys could not decline more severely
because the test does not allow for it. For the current results the same may be true for both
genders: FSIQ is lower at this age for both boys and girls, with a greater chance of a floor effect.
This study indicates that children and adolescents with 22q11DS follow a unique developmental
trajectory unlike any other genetic disorder causing intellectual disabilities, as far as we
know. The cognitive deterioration is rapid and severe in some children and urges for a closer
investigation of the relationship with possible development of psychosis.
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SUPPLEMENT
S5.1 Excluded patients
For all the following children intelligence level was estimated to be below the range of moderate
mental retardation. Intelligence scores were not able to be derived, in some cases an age
equivalent was available. Data pertaining to these children was excluded from all statistical
analyses.
Case 71 (f)

At 7.8y and 9.5y scores from the SON-R 2.5–7 indicated IQ levels below the range of moderate
mental retardation (age equivalent of 2.7y and 3.7y respectively were found). At age 15.7 when
assessed with the WISC-III an age equivalent below 6 years was found.
Case 122 (m)

At age 5.6y patient was unable to be tested. At age 7.6y IQ levels indicated levels below the
range of moderate mental retardation (age equivalent of 3.9y by use of SON-R 2.5–7). At 9.6y
patient was unable to be assessed by use of WISC-IIINL. At age 15.7 an age equivalent of about
5 years was found when assessed with the SON-R 5.5–17.
Case 126 (f)

At 7.11y and 9.5y scores from the SON-R 2.5–7 indicated IQ levels below the range of moderate
mental retardation (age equivalents of 3.8y and 4.2y respectively were found). At age 15.5 when
assessed with the WISC-III an age equivalent below 6 years was found.
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S5.2 Drop out at T2
Case 81 (m)

At age 9.7 scores from the WISC-III indicated a FSIQ of 91 (VIQ = 95, PIQ = 87). Patient died
at the age of 10 due to his heart condition.
Case 135 (m)

At age 9.7 scores derived from the WISC-III indicated a FSIQ of 59 (VIQ < 55, PIQ = 71). At
age 15 this boy was hospitalized with a severe scoliosis and was awaiting his operation. His
mother also has 22q11DS.
Case 136 (f)

At age 9.6 scores derived from the WISC-III indicated a FSIQ of 72 (VIQ = 76, PIQ = 72).
Parents declined participation at T2.
Case 139 (m)

At age 9.6 scores derived from the WISC-III indicated a FSIQ of 62 (VIQ = 58, PIQ = 72). At
age 15 this boy had a tumour in his ear for which he was awaiting operation, parents declined
participation while he is recuperating.
Case 171 (m)

At age 9.4 scores derived from the WISC-III indicated a FSIQ of 50 (VIQ < 55, PIQ < 55). Patient
had a severe epileptic attack days before assessment. Parents declined further participation
while he is recuperating.
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Table S5.3 Comparison of the change in FSIQ scores from T1 to T2 by test for children assessed
at both age levels (n = 53)
Test used at age of
assessment

∆FSIQ

∆VIQ

∆PIQ

n

T1

T2

Mean
T1-T2 (SD)

T1-T2
p

95% CI
of difference

Test difference
p

31

WISC-III-NL

WISC-III-NL

-3.45 (5.9)

.003

-9.40 – 2.33

.002

22

WISC-RN

WISC-III-NL

-9.32 (6.7)

.000

WISC-III-NL

WISC-III-NL

-2.94 (5.3)

.005

-9.27 – -.29

.038

WISC-RN

WISC-III-NL

-7.71 (9.1)

.001

WISC-III-NL

WISC-III-NL

-3.06 (8.3)

.049

-10.59 – .14

.056

WISC-RN

WISC-III-NL

-8.29 (10.9)

.002
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Gender

f

m

f

m

m

f

f

f

f

f

f

f

f

f

f

f

f

Subject

22

167

146

180

24

25

74

232

73

116

148

174

109

15

144

147

157

-3

-3

-3

-3

-4

-6

-6

-6

-7

-10

-10

-10

-10

-11

-12

-13

-13

T1-T2

Δ FSIQ

0

0

-1

4

-11

2

-6

-3

-1

-9

-10

-14

-9

-12

-12

-7

-6

T1-T2

Δ VIQ

5

13

2

4

11

4

8

-

13

-

3

8

3

5

5

2

2

Info

6

3

5

8

8

0

3

-

14

-

7

6

6

12

5

3

8

Simi

Verbal scale

7

6

8

4

2

5

3

-

2

-

1

1

6

0

2

2

2

Arith

17

23

3

11

12

4

13

-

22

-

17

10

1

18

8

8

18

Vocab

7

8

7

11

12

10

8

-

8

-

6

5

0

5

5

-1

6

Comp

5

1

3

0

1

1

2

-

2

-

-1

1

6

1

2

1

0

DS

-7

-7

-1

-8

-11

-4

0

-9

-11

-9

-8

-6

-10

-8

-11

-12

-20

T1-T2

Δ PIQ

1

-2

3

8

1

2

9

-

1

-

3

1

0

5

4

0

2

PC

18

25

4

14

4

10

13

-

31

-

16

5

17

5

15

7

6

Sub

1

16

4

3

21

-2

6

-

17

-

8

8

20

11

6

1

8

PA

Performance scale

8

12

25

4

14

21

22

-

4

-

11

12

15

16

7

22

12

BD

-4

11

11

3

3

8

11

-

7

-

5

16

3

6

5

5

-4

OA

4

15

8

3

16

-7

0

-

9

-

12

-1

13

-2

12

14

5

SS

VIQ < 55 at T1 and T2

VIQ and PIQ < 55 at T2

VIQ < 55 at T2

Table S5.4 Change in subtest raw scores from 9.5 years (T1) to 15.3 years (T2) per child, sorted by ΔFSIQ. The corresponding change in VIQ
and PIQ are also presented as absolute scores (n = 31).
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m

f

f

m

f

f

m

f

f

f

m

m

f

m

165

205

68

92

18

21

23

28

16

176

105

254

209

115

10

7

4

4

3

1

0

0

0

0

-1

-1

-2

-2

T1-T2

-4

5

6

3

3

-1

0

-2

1

4

0

0

-1

-4

T1-T2

Δ VIQ

2

9

-

12

6

6

12

11

7

5

1

5

9

14

Info

1

7

-

7

9

7

10

2

9

2

-1

0

5

1

Simi

Verbal scale

1

5

-

3

4

1

5

9

5

2

9

4

6

1

Arith

3

26

-

21

13

28

11

11

17

14

9

0

16

14

Vocab

5

9

-

14

8

14

7

14

15

15

9

8

6

13

Comp

2

7

-

3

1

3

2

1

3

4

0

1

2

4

DS

26

10

5

1

4

2

-5

0

0

3

0

0

2

-1

T1-T2

Δ PIQ

6

10

-

2

6

7

5

3

4

4

13

6

3

9

PC

43

21

-

23

23

32

15

10

25

35

20

14

16

11

Sub

21

10

-

14

4

13

14

6

30

11

5

5

16

10

PA

Performance scale

-7

20

-

17

18

12

16

29

11

16

6

13

19

12

BD

14

11

-

6

13

8

3

3

6

9

9

9

14

12

OA

10

7

-

-5

12

12

0

-

22

11

6

7

1

5

SS

Info = Informtion; Simi = Similarities; Arith = Arithmetic; Vocab = Vocabulary; Comp = Comprehension; DS = Digit Span; PC = Picture Completion; Sub = Substitution;
PA = Picture Arrangement; BD = Block Design; OA = Object Assembly; SS = Symbol Search.
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100
95
90
85
80

Mean FSIQ

75
70
65
60
55
50
45
T0

T1

T2

Figure S5.5 Development of FSIQ from T0 (7.5y) thru T1 (9.5y) to T2 (15.3 y) in 22q11DS (n =
16) as measured by WISC-IIINL at all time points.
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Table S5.6

Development of FSIQ (complementary data to Supplemental Figure S5.5)
FSIQ

Gender

T0

T1

T2

m

52

49

49

m

60

62

66

f

61

59

62

m

63

65

52

f

68

53

50

m

72

59

57

f

74

73

60

f

75

57

51

f

76

69

66

m

76

69

59

f

79

71

71

f

82

73

73

f

82

82

76

f

87

78

75

f

91

77

78

f

95

83

79
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-18

-15

-7

-12

-13

-1

-14

-9

2

-7

-9

-8

0

-3

-2

2

144

24

109

165

22

16

147

167

15

21

18

148

23

176

105

T0T1

174

Subject

4

3

0

-6

0

0

-3

-13

-3

1

-13

-2

-4

-10

-3

-6

T1T2

ΔFSIQ

6

1

-3

-6

-8

-9

-10

-11

-12

-13

-14

-15

-16

-17

-18

-24

T0T2

4

-2

0

-1

-13

-11

-9

-4

-12

-14

-7

-13

-5

-10

-13

-15

T0T1

6

3

0

-11

-2

1

0

-7

0

-1

-6

-1

2

-9

-1

-6

T1T2

ΔVIQ

10

1

0

-12

-15

-10

-9

-11

-12

-15

-13

-14

-3

-19

-14

-21

T0T2

0

-4

-1

2

-2

-7

-3

8

-4

-12

6

-14

-18

-4

-16

-19

T0T1

1

4

0

0

3

0

-8

-12

-7

2

-20

-1

-11

-10

-1

-4

T1T2

ΔPIQ

1

0

-1

2

1

-7

-11

-4

-11

-10

-14

-15

-29

-14

-17

-23

T0T2

T1T2

6

3

1

3

4

6

0

5

0

3

5

1

5

5

3

1

12

6

11

8

5

7

4

2

13

6

2

14

11

3

2

4

Information

T0T1

T1T2

7

3

2

7

2

0

2

-1

6

6

-3

5

2

-1

3

-1

7

9

2

3

2

9

8

3

3

7

8

1

8

6

5

0

Similarities

TOT1

T1T2

7

7

2

4

5

2

3

5

1

4

6

3

5

0

0

2

3

4

9

3

2

5

4

2

6

1

2

1

2

6

8

5

Arithmetic

TOT1

T1T2

4

10

6

8

4

0

0

2

2

-4

1

3

7

5

-1

-1

21

13

11

13

14

17

11

8

23

28

18

14

12

1

3

4

Vocabulary

TOT1

T1T2

2

0

3

3

-1

1

3

5

6

0

5

-1

7

7

-1

4

14

8

14

8

15

15

11

-1

8

14

6

13

12

0

7

10

Comprehension

TOT1

VIQ raw score development per subtest
T1T2

-

4

5

2

2

2

2

-

2

2

1

1

0

0

-3

0

3

1

1

2

4

3

0

1

1

3

0

4

1

6

3

1

Digit Span

TOT1

Table S5.7 Change in subtest raw scores from 7.5 years (T0) through 9.5 years (T1) to 15.3 years (T2) per child, sorted by ΔFSIQ. The
corresponding change in VIQ and PIQ are also presented as absplute scores (n = 16).
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-18

-15

-7

-12

-13

-1

-14

-9

2

-7

-9

-8

0

-3

-2

2

144

24

109

165

22

16

147

167

15

21

18

148

23

176

105

T0T1

174

Subject

4

3

0

-6

0

0

-3

-13

-3

1

-13

-2

-4

-10

-3

-6

T1T2

ΔFSIQ

6

1

-3

-6

-8

-9

-10

-11

-12

-13

-14

-15

-16

-17

-18

-24

T0T2

4

-2

0

-1

-13

-11

-9

-4

-12

-14

-7

-13

-5

-10

-13

-15

T0T1

6

3

0

-11

-2

1

0

-7

0

-1

-6

-1

2

-9

-1

-6

T1T2

ΔVIQ

10

1

0

-12

-15

-10

-9

-11

-12

-15

-13

-14

-3

-19

-14

-21

T0T2

0

-4

-1

2

-2

-7

-3

8

-4

-12

6

-14

-18

-4

-16

-19

T0T1

1

4

0

0

3

0

-8

-12

-7

2

-20

-1

-11

-10

-1

-4

T1T2

ΔPIQ

1

0

-1

2

1

-7

-11

-4

-11

-10

-14

-15

-29

-14

-17

-23

T0T2

T1T2

1

3

4

1

3

2

1

11

4

6

2

-6

-1

3

2

-2

2

6

3

9

4

4

8

0

-2

7

2

9

1

0

3

2

Picture Compl.

TOT1

T1T2

14

5

13

7

7

7

1

9

12

3

9

8

5

-1

0

8

14

4

6

6

11

30

3

1

16

13

8

10

21

20

4

-2

Picture Arr.

TOT1

T1T2

14

22

5

3

5

28

6

-17

12

12

-2

3

10

12

4

-6

17

18

29

22

16

11

4

22

12

12

12

12

14

15

25

21

Block Design

TOT1

VIQ raw score development per subtest
T1T2

1

-3

3

8

6

-1

18

15

4

-7

14

-5

3

14

-3

3

6

13

3

11

9

6

3

5

11

8

-4

12

3

3

11

8

Object Assembly

TOT1
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ABSTRACT
The role of rare genetic variants, in particular Copy Number Variants (CNVs), in the etiology of
neurodevelopmental disorders is becoming increasingly clear. While the list of these disorderrelated CNVs continues to increase, it has also become clear that in nearly all instances the
proportion of carriers who express the associated phenotype is far from 100%. To understand
this variable penetrance of CNVs it is important to realize that even the largest CNVs represent
only a tiny fraction of the entire genome. Therefore, part of the mechanism underlying the
variable penetrance of CNVs is likely the modulatory impact of the rest of the genome. In the
present study we used the 22q11DS as a model to examine whether the observed penetrance of
intellectual impairment – one of the main phenotypes associated with 22q11DS – is modulated
by the intellectual level of their parents for which we used the highest level of education as a
proxy. Our results, based on data observed in 171 children with 22q11DS in the age range of
5-15 years, showed a significant association between the estimated parental cognitive level
and the intelligence in offspring (full scale, verbal and performance IQ) with the largest effect
size for verbal IQ. These results suggest that one possible mechanism involved in the variable
penetrance observed in CNVs may be the impact of the remainder of the genome.
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INTRODUCTION
Over the past decade the role of rare genetic variants, in particular Copy Number Variants
(CNVs), in the etiology of neurodevelopmental disorders is becoming increasingly clear.1
An intriguing observation regarding the phenotypic effects of these CNVs is their highly
variable penetrance, defined as the proportion of carriers of a genetic variant expressing a
given phenotype. This phenomenon contributes substantially to the complex relation between
genotype and phenotype and therefore has relevant ramifications for genetic counseling.
Importantly, while variable penetrance appears to be more the rule than the exception in
CNVs associated with neurodevelopmental disorders, the mechanisms behind it are not well
understood.2-5 The steep increase of the number of identified genetic variants with a confirmed
risk for neurodevelopmental disorders urges for a better understanding of the mechanisms that
regulate the expression of a neurodevelopmental phenotype given the presence of a genetic
variant.1,6,7 However, CNVs with large phenotypic effects typically occur at very low rates in
the population, which renders the study of these mechanisms very challenging.
Here, we propose that the 22q11.2 deletion syndrome (22q11DS) is a useful model to examine
these processes. This recurrent deletion affects approximately 1 in 4,000 live births and is the
most frequent CNV identified when patients with developmental abnormalities are screened for
structural genomic abnormalities.8,9 As is the case with most CNVs, the phenotype association
with 22q11DS is highly variable, including palatal abnormalities, cardiac defects, hypocalcemia,
growth delay and characteristic facial features.10,11 In addition to these somatic characteristics,
patients with 22q11DS are also at increased risk for neurodevelopmental abnormalities and
psychiatric disorders: one in four patients with 22q11DS develops schizophrenia during
adolescence or early adulthood.12,13 Already during childhood they demonstrate increased rates
of neurodevelopmental and psychiatric disorders including speech and language disorders
and disorders of attention deficit and hyperactivity, autism spectrum and anxiety suggesting
the possibility of pleiotropic effects of the 22q11.2 deletion on the brain phenotype.14-17
Of particular relevance to the study presented here is the cognitive phenotype in patients
with 22q11DS.
Intellectual disability (ID) is a categorical concept, which describes part of the population
with IQ scores below 70.18 Following this definition, approximately 40-50% of patients with
22q11DS are intellectually impaired.19,20 Thus, from this dichotomous perspective the penetrance
of 22q11DS for ID can be said to be 40-50%. However, as was recently elegantly proposed by
Moreno-de-Luca and colleagues, when intelligence is considered a continuous variable the
penetrance may be much higher.21 Indeed, within the population of 22q11DS patients, the level
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of intelligence is highly variable and follows a normal distribution which is very similar to the
IQ distribution of the general population, but shifted 30 points to the left.19 Thus, while some
patients with 22q11DS function in the range of severe intellectual disability, other patients
function within the limits of what is considered normal intelligence in the general population.
Importantly, this variability of the cognitive phenotype is typical for the majority of CNVs.22,23
An important question therefore is what mechanisms modulate the expression of the cognitive
phenotype in carriers of CNVs associated with ID.
In the general population intelligence is highly correlated with the parental level of intelligence
with evidence in support of both genetic and environmental factors.24 Interestingly, the effect
of the environment is most important during early childhood but decreases over time, whereas
the influence of heritability follows the opposite trajectory with initially modest effects, which
steadily increase towards a strong influence in adulthood.25-28 The heritability of intelligence
is likely to be driven by the cumulative effect of many common variants with individual small
effects.29 Current evidence indicates that the genetic architecture of ID is complex, consistent
with other neurodevelopmental disorders, with an important role for rare variants with large
effects.30
To understand the variable penetrance of CNVs it is important to realize that even the largest
CNVs represent only a tiny fraction of the entire genome. Therefore, part of the mechanism
underlying the variable penetrance of CNVs is likely the modulatory impact of the genetic
background, i.e. the remainder of the genome, in which the CNVs occurs.21 Based on the genetic
background certain phenotypic features can be expected (e.g. body length, vulnerability for
a disorder or intellectual level). The presence of a CNV (or any large impact genetic variant)
can digress the carrier’s phenotype from the expected phenotype. In other words, a more
accurate concept of penetrance of a genetic variant would be the extent with which the observed
phenotype deviates from what is expected based, amongst others, on the genetic background
inherited from parents.
In the current study we tested this hypothesis using 22q11DS as a model to examine the variable
penetrance of CNVs. In a large cohort of 22q11DS patients and their parents we examined
whether the observed penetrance of intellectual impairment – one of the main phenotypes
associated with 22q11DS – is modulated by the parental intellectual level.
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Materials and methods
Participants
Children participating in this study were either directly referred through one of the eight
Dutch clinical genetics centers or recruited through publicity on the web site of the Dutch
Parent 22q11DS support group (www.vcfs.nl) and their newsletter. This website is freely
accessible to the public. All subjects reported here are children with genetically confirmed
22q11.2 deletions. The study has been approved by the Dutch Central Committee on Research
involving Human Subjects. Written informed consent was obtained from all parents or
guardians.
The initial sample consisted of 181 children. Of this group 4 children were excluded because
they were raised in foster care or were adopted. Information on the biological parents’ education
was unavailable for six children, leaving 171 participants for analysis (Table 6.1).
Table 6.1

Demographics
n

n

7.9 (2.8)

5.2-15.9

70.9 (12.4)
75.4 (13.2)
71.4 (12.6)

45-127
48-125
48-124

69/102

FSIQ
VIQ
PIQ
Deletion origin
De novo
Familial
Unknown

Range

171

Age (years)
Male/Female

M (SD)

152 (88.9%)
9 (5.3%)
10 (5.8%)

Cognitive assessment
Age appropriate Wechsler Scales were used (WPPSI-R n = 73, WISC-RN n = 35, WISC-III n =
63). The Wechsler tests consist of a verbal scale (VIQ) and a performance scale (PIQ). The test
yields a Full Scale Intelligence Quotient (FSIQ) with a mean of 100 and a standard deviation
of 15 in the general population.31-33
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Parental level of education
In The Netherlands children attend primary school from age 4 to age 12. In the 8th grade,
the primary school will advise one of three branches of secondary education: preparatory
secondary vocational education, senior secondary education or pre-university education. If a
student completes pre-university education, he or she can continue their academic education
at university. We used the highest attained level of education by either parent as a proxy for
the parental level of intelligence. We used a 4-point scale with level 1 being the highest level
(completed academic education) and 4 being the lowest level (preparatory secondary vocational
education). Levels 2 and 3 are intermediate between these two extremes (see Table 6.2).
Table 6.2

Parental education and child’s IQ

Highest level of parental education

n

Mean
FSIQ

(SD)

Mean
VIQ

(SD)

Mean
PIQ

(SD)

Level 1
(academic education completed)

24

76.00

(15.86)

81.46

(16.48)

75.42

(14.22)

Level 2
(at least pre-university completed)

59

74.00

(11.46)

79.27

(11.88)

73.51

(12.57)

Level 3
(at least senior secondary education
or secondary vocational education
completed)

54

67.63

(10.87)

71.91

(12.20)

69.26

(11.79)

Level 4
(preparatory secondary vocational
education)

34

67.12

(11.51)

70.06

(10.96)

68.35

(12.02)

Statistics
All analyses were conducted using IBM SPSS statistics software version 21. The effect of the
parental level of education on the child’s VIQ, PIQ and FSIQ was measured using ANOVA.
Potentially confounding variables (gender and age at time of assessment) were taken into account.
Pearson’s correlation was used to see if age at time of assessment correlated with FSIQ. Descriptive
analyses were used to describe the origin of the deletion and the level of parental education.

RESULTS
The estimated parental intellectual level was significantly associated with the measured intelligence
level of the 22q11DS offspring; the higher the parental level of education, the higher the child’s
IQ (see Table 6.2). We found a medium effect size for verbal IQ, (F (3, 167) = 7.19, p < .01, r =
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.34) and small to medium effect sizes for PIQ (F (3, 167) = 2.62, p < .01, r = .21)) and FSIQ (F (3,
167) = 5.22, p < .01, r = .29). These findings maintained when analyses were repeated without
the 19 probands with either familial or uncertain origin of the deletion (results not shown).
Furthermore, both gender (F (1, 165) = 9.22, p < .01, r = .23) and age at time of assessment
(F (1, 165) = 8.45, p < .01, r = .22) had significant but small effects on the child’s FSIQ. Girls
(mean FSIQ = 73.37) had higher FSIQ than boys (mean FSIQ = 68.11) and younger children
had higher FSIQ than older children (r = -.232, p < .01).
Given that offspring of parents with educational levels 1 and 2 were very close (mean offspring
IQ of 76 and 74 respectively) and the same was true for offspring of parents with educational
levels 3 and 4 (mean offspring IQ of 67 in both groups), we merged the four groups into two
categories for a better visualisation: high parental educational level (groups 1 and 2) versus
low parental educational level (groups 3 and 4), see Figure 6.1.

Conclusion/Discussion
In this study we report that the parental level of intelligence modulates the effect of the 22q11.2
deletion on intellectual level. This largest effect size was found for verbal IQ. Furthermore, we
identified small effects of gender and age on intellectual outcome in 22q11DS carriers.
The strong heritability of intelligence implies that the same genetic factors that contribute to the
parental IQ level, also contribute to the IQ in their offspring. Our data shows that in the event
of a de novo 22q11.2 deletion in a child, this principle is still true. These results are consistent
with the model proposed by Moreno-De-Luca et al. implying that variable penetrance of CNVs
is likely to be explained, at least in part, by the impact of the remainder of the genome.21 The
findings of this study have important implications for genetic counselling as well as for our
general understanding of the phenomenon of variable penetrance associated with genetic
variants with large phenotypic impact.
Even though the moderate effect size observed in this study makes an immediate clinical
application of our findings in genetic counselling less likely, our findings provide an important
proof of principle regarding the importance of parental cognitive level when predicting the
effects on cognitive outcome of large impact genetic variants with variable penetrance, such
as the 22q11.2 deletion in their offspring. The present study replicates the findings reported in
a recent similar study of smaller sample size in which direct measures of parental intellectual
level were used instead of a proxy such as used in the current study.34 In addition there are some
previous studies involving genetic disorders other than 22q11DS in which findings similar to
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Figure 6.1 In the left panel the effect of parental level of education, as a proxy for their
intellectual level of function, on the intellectual level of the offspring is depicted. In the normal situation parental intellectual levels predict intellectual levels in offspring; the explained
variance may be mediated by both the effects of environment and genetic background, but
current evidence indicates the latter to be more important. In the right panel the impact of a
large impact genetic variant (in this case the 22q11.2 deletion) is depicted. The FSIQ distribution
is shifted towards the left with a mean of 70 instead of 100. However, within this left-shifted
IQ distribution the effect of parental intellectual level is still measurable with higher parental
levels associated with relatively higher intellectual levels in offspring with 22q11DS in our
dataset. (Figure adapted from Moreno-de-Luca Lancet Neurology 2013).

our results, and those of Olszewski, are reported, suggesting that our findings are likely to be
generalizable to the phenomenon of variable penetrance of intellectual impairment observed
in other genetic disorders.35-38
Moreno-de-Luca stated that when knowledge of the deleterious impact of a genetic variant
can be placed in the context of information on the parental phenotype, “it may be possible to
predict which developmental domains are likely to be more severely affected”.21 Indeed, our findings
indicate that using the knowledge of parental level of intelligence will help to better predict
the cognitive outcome that can be expected in the child with 22q11DS. By informing parents
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about this, a better prediction of the expected level of cognitive function may help to tailor
expectations and support in order to prevent situations of chronic stress due to a mismatch
between possibilities and environmental demands.
Second, the increasingly important role of copy number variants and other types of large impact
genetic (rare) variants in neurocognitive phenotypes urges for a better understanding of the
mechanisms underlying variable penetrance.1 The 22q11.2 deletion, because of its relatively
high prevalence in comparison to other CNVs, provides an appealing model to examine
these mechanisms. Here, we provide evidence for a significant modulatory effect of parental
characteristics on the penetrance of the cognitive phenotype associated with 22q11DS. A
limitation of our study is that we cannot distinguish between an environmental and a genetic
origin of the observed effect. However, there is good evidence that the impact of heritability on
intelligence is increasingly important, while the influence of environmental factors decreases
when typically developing children approach adulthood.28,39,40 Therefore, although definitive
proof cannot be provided, the most plausible explanation for our finding is the modulatory
effect of the genetic background, inherited from both parents, in which the 22q11.2 deletion
has occurred. Importantly, this mechanism may be applicable for other phenotypic features
associated with 22q11DS such as cardiac malformation or the increased risk of schizophrenia.
Indeed, consistent with this model, a previous study has reported a similar frequency of
psychotic-like experiences between children with 22q11DS and their siblings. This could
indicate that at a young age children don’t display the higher rates of psychotic experiences
yet, but such findings could also suggest that heritable factors, other than the 22q11.2 deletion
itself, can influence the penetrance of the 22q11.2 deletion.41 A growing number of studies
concerning other genetic disorders demonstrate the phenotypic influence of genetic variants
detected in addition to the “causative” mutation.42 Of note, such penetrance modulating factors
are not necessarily risk increasing but can also be acting as protective. A plausible interpretation
of the findings of our study is that inherited genetic variants associated with higher level of
intelligence mitigate the deleterious impact of the 22q11.2 deletion in 22q11DS patients.
In addition to the moderate effect of parental levels of education on the (verbal) IQ in the offspring
with 22q11DS, we also detected small effects of both gender and age. Male 22q11DS offspring
displayed, on average, a somewhat lower IQ than females. Similar results were found in some
previous studies,43,44 although not consistently.19,45 In typically developing children gender does not
appear to influence average intellectual function.46 One could speculate that the gender-related
difference in 22q11DS is due to a stronger phenotypic impact of the 22q11.2 deletion in males
than in females. This would be in keeping with previous studies suggesting that female carriers
may be more resistant to the phenotypic impact of large impact genetic variants than males.47,48
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In this study, age was negatively correlated with intellectual level. This is in keeping with
several recent studies indicating that the 22q11.2 deletion is associated with a cognitive
decline starting already early in life in some patients.43,49-52 In typically developing children the
influence of heritability on intellectual increases with age.28 In 22q11DS patients both effects
(genetic background and specific impact of the deletion) contribute to the cognitive outcome
in a complex interplay which can probably only be clarified when larger samples are studied.
In conclusion, the current study shows that the variable penetrance of the cognitive phenotype
in 22q11DS is at least partly explained by variation in the intellectual level of parents. Regarding
variable penetrance, patients with IQ-scores higher than 70 are often considered as unaffected,
which automatically implies an incomplete penetrance of 22q11DS for intellectual disability.19,20,53
In fact, our data suggest that the deletion may result in a decrease in intellectual outcome in all
22q11DS patients. Whether the intelligence level in 22q11DS patients is below or above the arbitrary
threshold of 70 is at least partly a function of the parental intellectual levels. Patients with parents
with higher intelligence are less likely to show IQ levels below the threshold for the manifestation
of intellectual disability in comparison to 22q11DS patients of parents with lower intelligence.
The implication of this finding is that the penetrance of the cognitive phenotype in 22q11DS
patients may be much higher than the 40-50% penetrance for ID in 22q11DS reported thus
far,16,19,20 provided that it is evaluated as a continuous, quantitative trait in the context of what
is expected based on the parental level of intelligence.
Although our data cannot provide definitive evidence, the most plausible explanation for the
modulatory effect of the parental level of intelligence is the genetic background, inherited from
both parents, in which the 22q11.2 deletion exists in the offspring. This mechanism may be
relevant our understanding of the penetrance of other phenotypes associated with 22q11DS as
well as for other genetic variants, including CNVs with variable penetrant associated phenotypes.
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The 22q11.2 deletion syndrome (22q11DS) is caused by a deletion on the long arm of
chromosome 22 and affects approximately 1:4,000 live births.1 The phenotype is variable and
includes more than 180 structural and functional anomalies,2 such as palatal abnormalities,
cardiac defects, hypocalcemia, growth delay, and characteristic facies.3,4 In addition, learning
difficulties,5,6 severe delays in speech and language development,7 and a variety of behavioral8,9
and psychiatric problems have been reported.10-13
The main objective of our study is to systematically describe the behavioral phenotype of children
with 22q11DS aged 1½-15½ years. Possible confounders such as intelligence, age, gender, speech
problems, congenital heart defects and the origin of the deletion are taken into account.
The research was carried out in the University Medical Center / Wilhelmina Children’s Hospital
in Utrecht, The Netherlands.

MAIN FINDINGS
1. There is a distinctive behavioral phenotype for children with 22q11DS.
We found a behavioral phenotype for children with 22q11DS (Chapter 2, 3) that was mainly
characterized by social problems and withdrawn behavior. At preschool age we included the
DSM-IV scales which showed affective problems.
School-age children with 22q11DS have attention problems. At a preschool age these problems
were also reported, but were less prominent than at an older age.
Overall the behavior of children with 22q11DS is characterized by more internalizing and less
externalizing problems. Both parents and teachers agree on the children’s behavioral phenotype,
which implies that, in spite of multiple informants and different situations, the behavioral
profile proves to be a stable trait.
2. The behavioral profile is stable over time, but the severity of the behavioral
problems changes.
We found no correlation between behavioral problems and age, except for a modest positive
correlation with teachers’ reports on anxious/depressed behavior (Chapter 3) and an increase
in withdrawn/depressed behavior between ages 9.5-15.3 years (Chapter 5).
When comparing the behavioral profile of preschoolers with older children with 22q11DS we
found that the social (Chapter 3, 5) / pervasive developmental (Chapter 2) problems are most
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Table 7.1

Behavior profile from preschool to adolescence
Chapter 2

Chapter 5

1½-5 yrs

9.5 yrs

15.3 yrs

6-18 yrs

54.10
59.24
57.76
61.48

59.00
58.63
61.93
68.51

60.73
63.78
61.34
65.88

56.9
60.7
60.0
65.0

60.22
58.68
53.59
56.85

58.0
60.7
52.0
58.8

62.83
53.07
60.37

58.3
55.8
60.1

Anxious /depressed
Withdrawn/depressed
Somatic complaints
Social problems/
Pervasive developmental problems
Thought problems
Attention problems
Rulebreaking behavior
Aggressive behavior

54.00

60.51
57.27
52.93
60.22

Internalizing
Externalizing
Total

55.26
51.23
53.96

59.76
55.80
60.54

58.03

Chapter 3

characteristic at all ages (see Table 7.1). From age 1.44 to 16.5 years we found that children
with 22q11DS displayed more internalizing than externalizing problems and this difference
increased with age.
3. There is no correlation between behavioral problems and intelligence.
In preschoolers (Chapter 2), older children (Chapter 3, 4) and adolescents (Chapter 5) we
found no correlation between behavioral problems and intelligence. Both parents and teachers
reported no behavioral differences between the higher and lower functioning groups
This is a remarkable finding, as in the general population children with learning problems or
intellectual disabilities are at risk of showing behavioral problems.14
Although children with 22q11 often face cognitive impairment and a large number of them
display behavioral problems, these two phenotypical characteristics seem to be unrelated.
The behavioral problems seem to be a direct consequence of the deletion, instead of a result
of the cognitive impairment that may come with the deletion. The higher as well as the lower
functioning children with 22q11DS have the same chance of developing behavioral problems.
Unexpectedly behavioral problems were not related to stagnation or decline in cognitive
abilities (Chapter 5). One could expect that children whose FSIQ declines struggle to keep
up with expectations of school and home environment and as a result would display more
behavioral and emotional problems. In our study we could not find such a relationship. It
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could be hypothesized that expectations were managed as a result of participating in our
study. When participating, parents would regularly get an update on their child’s intellectual
profile, making it possible to make adjustments at home or in school and thereby preventing
or limiting a mismatch between capabilities and expectations.
A second hypothesis is that initially children struggle to keep up and don’t immediately display
behavioral problems. However, as they build up stress, it could very well be that they will
have behavioral or emotional problems later in life. In the general population associations are
found between exposure to life events, stress and psychotic symptoms.15 Beards and colleagues
describe stress as a result of life events in adults and subsequent onset of psychotic disorder or
psychotic experiences. Adolescents as well as adults with the 22q11DS are at 25-fold increased
risk of developing psychosis. In light of the increased vulnerability to schizophrenia associated
with 22q11DS, stress that results from a mismatch between expected (cognitive) capacities
and actual intellectual functioning may be a precipitating factor for psychosis.11,13,16,17 It would
therefore be interesting to follow up on these patients to see if the ones whose FSIQ declines
will have an higher chance of developing psychosis later in life.
4. There is a marginal influence of confounders on behavioral problems
Possible confounders were studied, in this case speech problems (Chapter 2), gender (Chapter
2, 3), congenital heart defect (CHD) (Chapter 2, 5) and the origin of the deletion (Chapter 2, 6).
Within the group of preschoolers, no correlation was found between speech problems and
behavioral problems. This was a unexpected result, as parents as well as professionals often
attribute behavioral problems to frustration over existing speech problems. Solot and colleagues
found that 80% of 3 year olds and 30% of 4 year olds were nonverbal or just using words or
simple phrases.7 It was thought that if speech develops and children can better make themselves
understood verbally, behavioral problems would automatically decrease. From the data of our
study we now know that behavioral problems exist independently of speech problems. This
would imply that treatment of these behavioral problems could start even before these children
start communicating verbally.
In both preschoolers (Chapter 2) as well as in older children (Chapter 3) and adolescents,
no difference was found in behavioral problems between boys and girls. This is notable since
in the general population the prevalence rates of specific behavioral problems, like pervasive
developmental problems or attention deficit hyperactivity problems are higher in boys. These
results suggest that the gender specific rates of psychiatric disorders are different in children
with 22q11DS compared to the normal population.
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A large collaborative study by the International Brain Behavior Consortium on 22q11DS
found similar results. However, they found that the sex differences in the rates of several
psychiatric disorders changed as children reached puberty and hormonal changes occurred.
In late adolescence and adulthood disruptive disorders and ADHD were more frequent in
males and anxiety and mood disorders were more frequently reported in females, like they do
in the general population. Surprisingly the male predominance of autism spectrum disorders
and to a lesser extent psychotic disorders in the general population was not observed in the
22q11DS. It suggests that in 22q11DS not only the prevalence rate,6,13,18-21 but also the gender
distribution of specific behavioral problems can differ from idiopathic behavioral problems,
like it does in other genetic syndromes.22
One could assume that children with congenital heart defects (CHD) would have had an extra
stressful start in life, and that this could have had an effect on parenting and perhaps behavior.
We found no difference in behavior between children with the 22q11DS with or without CHD,
which was in concordance with the only other study on CHD and behavior in infants with
22q11DS.23 A study from the same research group on the relationship between behavioral
problems and CHD in older children in 22q11DS reported more behavioral problems in children
with a CHD compared to those without a CHD.24 However they did not correct for multiple
testing. If correction would have been applied the outcome would not have been significant.
5. In children with 22q11DS 42% shows a significant decline in FSIQ between ages
7½-15½
Between the ages of 5½ and 15½ years a mean decline in FSIQ was found of 15.6 points; 9.7
points between ages 5½ and 9½ (Chapter 4), and 5.9 points between 9½ and 15½ (Chapter 5).
This could partially be explained by the inability to keep up with the required age-related
increase in raw scores, also known as ‘growing into deficit’. However in about a third of children
an absolute decline in raw scores was found between ages 7½ and 9½. Between ages 9½ and
15½, 32% of children showed a decline in FSIQ ≥ 10 points. Of the children who remained
relatively stable between ages 9.5 and 15.3, 31% turned out to already have declined between
7½ and 9½. When combing these results, we found that 42% of patients showed a significant
and clinically relevant cognitive decline between ages 7½ and 15½. This suggests that not only
growing into deficit, but even cognitive deterioration may take place.
Our longitudinal study focused on the development of children with 22q11DS. We don’t have
data on the development of patients older than 15½ years. A study by Evers and colleagues
in adults with 22q11DS showed that the FSIQ measured at adolescent age can decline when
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patients are in their twenties, thirties or forties.25 Four out of seven patients in Evers study
fulfilled DSM-IV-TR criteria for schizophrenia. To find out if a relationship exists between
cognitive decline (at a young age) and psychotic symptoms later on in life it would be interesting
to follow up on our patients. By doing that we can retrospectively conclude if the decline in
FSIQ was indeed a premorbid marker of psychosis.
A recent collaborative study by the international brain behavior consortium on the cognitive
development of 829 patients ages 8-24 years, showed that on average children with 22q11DS
show a cognitive decline of 7 FSIQ-points or 9 VIQ-points (in press). However in the subgroup
that developed psychotic symptoms, this decline was significantly steeper. Based on VIQ
trajectories those who subsequently developed a psychotic disorder and those who did not
could be distinguished from age 11 onwards.
6. Parental education, gender and age influence intelligence
In children with 22q11DS intelligence is modulated by parental level of education (Chapter 6).
The higher the parental level of education, the higher mean FSIQ in the child. Other factors
that influence the FSIQ are gender and age. Girls score higher than boys at age 5½ and 7½
(Chapter 4, 6). Younger children have higher mean FSIQ than older children (Chapter 4, 5 & 6).

CLINICAL IMPLICATIONS AND RECOMMENDATIONS
From our study it was demonstrated that the characteristic behavior of young children with
22q11DS cannot be attributed to speech problems. In fact, when children grow up and speech
improves, the behavior doesn’t automatically improve. In most children with 22q11DS speech is
delayed and they start communicating verbally at the age of three or four years. Early treatment
of the behavioral problems is highly recommended.
Another recommendation deriving from this study is that exchange of information on a regular
basis between parents and teachers of a child with 22q11DS should also take place. Although
in our study parents and teachers agree on the behavioral profile, they don’t necessarily agree
on the severity of the behavioral and emotional problems. By keeping each other updated,
interpreting the severity of the child’s behavioral problems in daily life may be more close to
reality. This could lead to a better balance between the child’s actual abilities and the demands
that are being made by his environment, and thereby preventing stress.
Our investigations show that IQ in children with 22q11DS is not stable, as it is in the general
population. In a large number of children the FSIQ and VIQ decline as children grow up. We
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would therefore recommend that intelligence in these children is regularly assessed. Parents as
well as teachers should base their expectations of the child upon the most recent data. The same
advice is given for behavioral problems; as children grow up, internalizing behavior increases,
while externalizing behavior decreases. Usually people notice externalizing behavior more than
they do internalizing behavior. When externalizing behavior decreases, they could incorrectly
conclude that behavior improves, while in fact it is only the externalizing behavior. We would
advise to focus on the internalizing problems as well, so the wellbeing of the child is guaranteed.
Both literature and our study show that patients with 22q11DS are at increased risk for a
variety of medical and psychological problems. Because of the estimated prevalence (1 in
4,000 live births) we advise to concentrate the knowledge on this syndrome in specialized
multidisciplinary 22q11-teams who follow up on these patients as they grow up. Not only in
childhood, but ideally also later on in life, especially because of the risk of psychosis. These
teams should be aware of the ‘normal’ development of a child with 22q11DS and could give
advice when a child deviates from this. Also they could advise parents and give customized
care, taken into account all individual differences.
In the University Medical Center Utrecht / Wilhelmina Children’s Hospital a multidisciplinary
team was formed in 2007. This team involves specialists including a pediatrician, a clinical
geneticist, a plastic surgeon, an ear-nose-throat specialist, a dentist, a speech-therapist, an
orthopedist, a psychologist and a psychiatrist. Specialists in cardiology and nephrology can be
consulted when indicated. This out-patient clinic is on a monthly basis and efforts are made
to concentrate all consultations on the same day.

FUTURE RESEARCH
In this thesis we could only speculate about the future development of the patients with 22q11DS
we followed during childhood. Is the absolute cognitive decline in a subgroup of children
perhaps one of the first signs that a psychosis will develop later on in life? Or may the increase
of internalizing behavior in fact be associated with symptoms of psychosis?
These questions can only be answered by continuing this study longitudinally and follow up
on these patients as they grow up into adulthood.
The fact that one in four patients with 22q11DS develops schizophrenia during adolescence or
early adulthood, makes it an interesting study group to find out more about early predictors
of psychosis.26,27 Perhaps markers can be found, that will prove to be useful for detecting early
signs of psychosis in other high risk groups.
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On the other hand it would be interesting to see if protective factors can be found. In what way
do children that don’t develop psychosis later in life differ from children that do? It would be
very important and useful to know whether parents, teachers or patients themselves can do
anything that will decrease the risk of developing psychosis.
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22q11.2 deletiesyndroom
Het 22q11.2-deletiesyndroom (22q11DS) is een genetische aandoening die wordt veroorzaakt
door het ontbreken van band 11 subband 2 van de lange arm van chromosoom 22. Het syndroom
is ook bekend onder de namen Velo-Cardio-Faciaal Syndroom (VCFS), DiGeorge syndroom of
het syndroom van Shprintzen en komt naar schatting voor bij 1 op de 4.000 levend geborenen.1
In ongeveer 90% van de gevallen is de deletie spontaan ontstaan, terwijl in de overige 10% van
de gevallen een van de ouders een deletie van chromosoom 22q11.2 heeft. Het is een autosomaal
dominant overervende aandoening. Dit betekent dat ieder kind van een man of vrouw met
deletie 22q11.2 een kans van 50% heeft om de deletie te hebben. Bij het 22q11DS zijn meer dan
180 verschillende verschijnselen; bijna elk orgaan kan zijn aangedaan.2 Vrijwel alle kinderen
hebben een hypernasale spraak en/of een vertraagde spraak-taalontwikkeling.3-5 Ongeveer 60%
van de kinderen heeft een aangeboren hartafwijking. Veel mensen met het syndroom hebben
karakteristieke uiterlijke kenmerken, zoals amandelvormige ogen, kleine, soms laag ingeplante
oren, een brede neusbrug en een ronde neuspunt. De uiterlijke kenmerken zijn soms zo subtiel
dat ze eenvoudig gemist kunnen worden als men er onvoldoende alert op is.
Net als de uiteenlopende lichamelijke kenmerken, verschilt ook het neurocognitieve profiel van
individu tot individu. Het merendeel van de mensen met 22q11DS heeft een benedengemiddeld
IQ (70-84) en ongeveer een derde heeft een lichte tot matige verstandelijke beperking.6-8
Een ernstige verstandelijke beperking komt bij kinderen nauwelijks voor, maar wordt wel
gerapporteerd bij volwassenen met het syndroom.9 Daarnaast hebben kinderen met het
22q11DS een sterk verhoogd risico op het ontwikkelen van gedragsproblemen en psychiatrische
problematiek. Veel kinderen met 22q11DS hebben problemen met aandacht, concentratie en
hyperactiviteit, kenmerken van een stoornis in het autistisch spectrum of angsten.10 Daarnaast
maakt circa 30% van de patiënten een of meerdere psychoses door en ontwikkelt een op vier
schizofrenie.10-12

Onderzoeksopzet
Sinds 2000 wordt er onderzoek gedaan vanuit het UMC Utrecht bij kinderen en jongeren met het
22q11DS. Toen was al bekend uit eerder onderzoek van de groep van Shprintzen dat kinderen
veelal een vertraagde ontwikkeling hadden op motorisch, spraak-taal- en cognitief vlak.13-15 De
uitkomsten van die onderzoeken waren echter veelal het resultaat van cross-sectionele studies
die gedaan werden bij een kleine groep personen met een groot leeftijdsbereik. Het doel van ons
onderzoek was om de gedragsmatige en cognitieve ontwikkeling van kinderen met 22q11DS
op systematische en goed gestructureerde wijze in kaart te brengen.
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Het onderzoek heeft geleid tot twee dissertaties. Sasja Duijff is in 2012 gepromoveerd op de
cognitieve ontwikkeling van kinderen met 22q11DS,16 terwijl in het huidige proefschrift de
nadruk ligt op de gedragsmatige ontwikkeling van kinderen met 22q11DS. Hierbij zijn de
belangrijkste vragen:
•

Is er sprake van een karakteristiek gedragsfenotype voor kinderen met 22q11DS?

•

Verandert het gedragsfenotype naarmate kinderen ouder worden?

•

Bestaat er een verband tussen gedrag en intelligentie?

Via het oudernetwerk voor kinderen met 22q11DS (www.vcfs.nl), de acht klinisch-genetische
centra in Nederland en de schisisteams werden ouders op de hoogte gebracht van het
longitudinale onderzoek. In totaal hebben 281 kinderen deelgenomen. Zij kwamen met hun
ouders voor onderzoek naar de afdeling Medische Psychologie en Maatschappelijk Werk van
het Wilhelmina Kinderziekenhuis/Universitair Medisch Centrum Utrecht.
De toewijding van ouders om deel te nemen aan het onderzoek was groot en de uitval was laag.
Dit had ongetwijfeld mede te maken met de tips en adviezen die ouders bij de gelegenheid van een
test van hun kind kregen, maar ook gaven nogal wat ouders aan dat ze graag een bijdrage wilden
leveren aan de toename van de kennis over de ontwikkeling van kinderen met het 22q11DS. De
kinderen werden gezien op de leeftijden van 1½, 3½, 5½, 7½, 9½ en 15½ jaar (zie Tabel 8.1).

Hoofdstuk 2
In de literatuur waren weliswaar diverse onderzoeken bekend waarin het gedrag van kinderen
met het 22q11DS was onderzocht, maar deze onderzoeken richtten zich veelal op kinderen op
basisschoolleeftijd en in de adolescentie. Er is weinig bekend over peuters en kleuters met het
22q11DS. In ons onderzoek werd ouders van kinderen in de leeftijd van 1½ t/m 5 jaar gevraagd
om gedragsvragenlijsten in te vullen (Child Behavior Checklist [CBCL] 1½-5). De ingevulde
Tabel 8.1
Leeftijd

Onderzoeksopzet
Ontwikkelingstest/
Intelligentietest

Gedragsvragenlijst ouders

Gedragsvragenlijst
groepsleiding/leerkracht

1½ jaar

BSID-II-NL

CBCL 1½-5

TRF 1½-5

3½ jaar

BSID-II-NL

CBCL 1½-5

TRF 1½-5

5½ jaar

WPPSI-R/SON 2½-7

CBCL 1½-5

TRF 1½-5

7½ jaar

WISC-RN/WISC-III-NL

CBCL 4-18 / CBCL 6-18

TRF 4-18 / TRF 6-18

9½ jaar

WISC-RN/WISC-III-NL

CBCL 4-18 / CBCL 6-18

TRF 4-18 / TRF 6-18

15½ jaar

WISC-RN/WISC-III-NL

CBCL 4-18 / CBCL 6-18

TRF 4-18 / TRF 6-18
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vragenlijsten (n = 90) zijn vergeleken met die van kinderen die geboren zijn met een (cheilognatho-)palatoschisis, maar die zover bekend geen syndromale aandoening hadden (n = 33).
Zowel kinderen met het 22q11DS als kinderen met een palatoschisis zonder het 22q11DS hebben
een verhoogde kans op spraakproblemen en daarom leek dit een geschikte vergelijkingsgroep.
Uit de uitkomsten van de vragenlijsten bleek dat kinderen met het 22q11DS meer
gedragsproblemen vertoonden dan kinderen met een schisis zonder het 22q11DS. Ouders
rapporteerden bij hun kind meer teruggetrokken gedrag, affectieve problemen en pervasieve
ontwikkelingsproblemen. Circa 30% van de kinderen met 22q11DS behaalde op een van de
schalen een score in het zogeheten klinische gebied (>97ste percentiel).
Bij kinderen met het 22q11DS bleken de gedragsproblemen niet samen te hangen met
spraakproblemen, intelligentieniveau, geslacht of het al dan niet hebben van een aangeboren
hartafwijking.

Hoofdstuk 3
In dit hoofdstuk wordt ingegaan op het gedrag van 146 kinderen met 22q11DS in de leeftijd
van 4½-16½ jaar. Er is aan zowel ouders als aan de leerkracht gevraagd om over het gedrag
van het kind te rapporteren in een gedragsvragenlijst, omdat ouders en leerkrachten soms
anders tegen het gedrag van een kind aankijken en/of dat een kind zich thuis en op school
verschillend gedraagt. Doordat men anders aan kan kijken tegen het gedrag van een kind,
kunnen aan het kind in verschillende situaties andere eisen worden gesteld, wat kan leiden
tot overvraging en stress. Zowel kinderen als volwassenen met het 22q11DS hebben een sterk
verhoogd risico op het ontwikkelen van psychotische klachten en/of schizofrenie. Stress kan
hierbij een luxerende factor zijn.
Uit ons onderzoek bleek dat zowel ouders als leerkrachten een vergelijkbaar gedragsfenotype
beschreven dat werd gekenmerkt door sociale problemen (zoals ‘klampt zich vast aan
volwassenen of is te afhankelijk’, ‘onhandig of stuntelig’ of ‘snel jaloers’), teruggetrokken
gedrag en aandachtsproblemen. Ouders gaven echter wel aan dat de gedragsproblemen thuis
in ernstigere mate voorkwamen dan op school. De mate van overeenkomst in het door ouders
en leerkracht beschreven gedragsprofiel is niet afhankelijk van leeftijd.
Net als in de jongere groep (zie Hoofdstuk 2), is ook in deze groep geen samenhang gevonden
tussen gedragsproblemen en intelligentie. Om te onderzoeken of leeftijd van invloed is
op het gedragsfenotype, is de groep opgesplitst, waarbij opviel dat oudere kinderen meer
internaliserend en minder externaliserend gedrag vertonen.
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Gezien het feit dat uit het onderzoek naar voren komt dat de verschillende informanten
anders oordelen met betrekking tot de ernst van de gedragsproblemen, wordt geadviseerd om
naast ouders ook altijd de leerkracht te betrekken om een volledig beeld te krijgen van het
functioneren van het kind.

Hoofdstuk 4
In dit hoofdstuk wordt de cognitieve ontwikkeling van 69 kinderen met het 22q11DS in de leeftijd
van 5½-9½ jaar beschreven. Twintig kinderen zijn cognitief getest op de leeftijd van 5½ en 7½ jaar,
16 kinderen op de leeftijd van 7½ en 9½ jaar en 28 kinderen op de leeftijd van 5½, 7½ en 9½ jaar.
Gemiddeld laten kinderen tussen de leeftijd van 5½ en 9½ jaar een achteruitgang zien in het
totaal IQ van 9,7 punten. De achteruitgang op de verbale schaal is twee keer zo groot als de
achteruitgang op de performale schaal, hetgeen overeenkomt met bevindingen in de literatuur.
Deze achteruitgang kan ten dele worden verklaard door het ‘growing into deficit’ verschijnsel.
Hiermee wordt bedoeld dat kinderen zich wel verder ontwikkelen naarmate ze ouder worden,
maar dat de achterstand op hun leeftijdsgenootjes steeds groter wordt. Dit kan bijvoorbeeld het
gevolg zijn van het niet kunnen voldoen aan een hoger abstractieniveau van denken.
Opvallend is echter dat er ook een subgroep is die daadwerkelijk achteruitgaat in kennis en
vaardigheden. In het onderzoek is op de leeftijd van 7½ en 9½ jaar dezelfde test afgenomen.
Een subgroep (n = 10/29) had op de leeftijd van 9½ jaar op twee of meer subtests minder
antwoorden goed dan op 7½-jarige leeftijd.
Een achteruitgang in ruwe scores (het aantal juiste antwoorden) wordt ook beschreven bij
mensen zonder 22q11DS die een psychose ontwikkelen. Voorafgaand aan de psychose wordt
dan een daling waargenomen van de cognitieve vermogens. Adolescenten en volwassenen met
22q11DS hebben ook een sterk verhoogd risico op het ontwikkelen van psychotische klachten
en schizofrenie. Als echter wordt gekeken naar het gedrag van de kinderen die achteruitgaan
in ruwe scores en het gedrag van de overige kinderen, dan zijn er gedurende deze periode geen
verschillen in de toename of afname van gedragsproblemen. De bevinding dat er op dit moment
nog geen verschillen worden gevonden in gedrag, kan ook te maken hebben met de testleeftijd.
Gezien de gemiddelde leeftijd van de kinderen in de onderzoeksgroep en de leeftijd waarop
over het algemeen de eerste psychosen ontstaan, kan nog niet worden bevestigd of uitgesloten
dat deze achteruitgang in IQ een eerste symptoom is voor een zich ontwikkelende psychose.
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Hoofdstuk 5
In dit hoofdstuk wordt de ontwikkeling beschreven van 53 kinderen met het 22q11DS in
de leeftijd van 9,5 (T1) tot 15,3 jaar (T2). Van ongeveer een derde van de groep waren ook
gegevens beschikbaar van het meetmoment op de leeftijd van 7,5 jaar (T0). Uit het onderzoek
komt naar voren dat tussen T1 en T2 het FSIQ daalt met gemiddeld 5,.9 punten, het VIQ met
4,75 punten en het PIQ met 5,17 punten. Van de 31 kinderen die op beide testmomenten met
dezelfde IQ-test waren getest konden de ruwe scores worden vergeleken. Twaalf (38%) kinderen
van deze groep lieten op een of meerdere subtests een stilstand of achteruitgang zien, ondanks
dat ze 5,8 jaar ouder waren geworden.
Op T2 liet 71% van de jongeren meer somber en teruggetrokken gedrag zien dan voor de
puberteit. Verder viel op dat het internaliserende gedrag toeneemt, terwijl het externaliserende
gedrag afneemt. Het verschil tussen beide schalen is significant. De verandering in IQ hing
niet samen met de toe- of afname van gedragsproblemen.

Hoofdstuk 6
In dit hoofdstuk staat de vraag centraal waarom de uitkomst van Copy Number Variants
(CNV’s; verandering in het genetisch materiaal waardoor er een deletie of duplicatie ontstaat)
verschilt van persoon tot persoon. Het 22q11DS is hierin als model genomen. Waarom heeft de
ene persoon met het 22q11DS bijvoorbeeld wel een verstandelijk beperking, terwijl de andere
persoon beschikt over een vrijwel gemiddelde intelligentie? De meest voor de hand liggende
verklaring is dat de rest van het genetisch materiaal hier een rol in speelt. In dit onderzoek
is bij 171 kinderen in de leeftijd van 5-15 jaar onderzocht of er een relatie bestaat tussen het
gemeten IQ en het opleidingsniveau van hun biologische ouders. Hieruit bleek dat kinderen
van hoger opgeleide ouders over het algemeen hogere scores behalen op intelligentietests. Er
werd een verschil van bijna 10 punten gevonden tussen de kinderen van de hoogst opgeleide
ouders en kinderen van de twee laagst opgeleide groepen. Het 22q11DS zorgt voor een daling
van de intelligentie, ten opzichte van het verwachte IQ, waarbij het hoogste opleidingsniveau
van een van de ouders als het ware de ‘uitgangspositie’ bepaalt. De ‘uitgangspositie’ van kinderen
van hoog opgeleide ouders ligt hoger dan bij kinderen van laag opgeleide ouders. Hierdoor
is de kans dat door de daling van het IQ (zie Hoofdstuk 4 en 5) een kind met het 22q11DS
net onder de grens komt die wordt gesteld voor het hebben van een verstandelijke beperking
(FSIQ ≤ 70) kleiner bij kinderen van hoog opgeleide ouders.
Verder werd gevonden dat meisjes met 22q11DS gemiddeld een hogere FSIQ hebben dan
jongens (73,37 vs 68,11) en dat er een negatief verband bestaat tussen leeftijd en intelligentie.
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Conclusies en aanbevelingen
Uit het onderzoek beschreven in dit proefschrift mag worden geconcludeerd dat kinderen met
het 22q11DS een specifiek gedragsfenotype laten zien. Dit gedrag wordt gekenmerkt door sociale
problemen en teruggetrokken gedrag. Op jonge leeftijd worden tevens affectieve problemen
genoemd, terwijl kinderen in de schoolgaande leeftijd ook vaak aandachtsproblemen laten zien.
Ouders en leerkrachten beschrijven hetzelfde gedrag, maar ouders ervaren de gedragsproblemen
in ernstiger mate dan de leerkrachten. Overleg tussen ouders en leerkracht is dan ook van
essentieel belang om te zorgen dat een zo compleet mogelijk beeld ontstaat van het kind. Zo
kan het kind op het juiste niveau worden aangesproken en kan stress worden voorkomen.
Naarmate kinderen ouder worden, blijft hetzelfde soort gedrag op de voorgrond staan, maar
neemt het teruggetrokken/depressieve gedrag toe. Doordat het gedragsfenotype nog meer
verschuift in de richting van internaliserend en het externaliserende gedrag nog minder op
de voorgrond komt te staan, kan de omgeving ten onrechte denken dat het gedrag verbetert.
Immers, internaliserend gedrag valt minder op en levert minder overlast op voor de omgeving.
Het is echter niet uit te sluiten dat het meer teruggetrokken en sombere gedrag in feite
symptomen van een zich ontwikkelende psychose zijn.
De gedragsproblemen worden niet veroorzaakt door spraakproblemen, een mogelijke
aangeboren hartafwijking of een lagere intelligentie en komen even vaak voor bij jongens
als bij meisjes. De beschreven gedragsproblemen lijken dan ook rechtstreeks te worden
veroorzaakt door het syndroom en niet zozeer door bijvoorbeeld de cognitieve beperking
die vaak samengaat met het syndroom. Hoewel intelligentie niet samen lijkt te hangen met
gedragsproblemen, is er een aantal andere factoren die wel van invloed zijn op intelligentie.
Met name het opleidingsniveau van ouders is bepalend voor het IQ van het kind. Hoe hoger
opgeleid de ouders zijn, hoe hoger de gemiddelde IQ-score van het kind. Daarnaast scoren
meisjes op de leeftijd van 5½ en 7½ jaar hoger dan jongens en scoren jongere kinderen over
het algemeen beter dan oudere kinderen.
Van de kinderen met het 22q11DS laat 42% een significante cognitieve achteruitgang zien
tussen de leeftijd van 7½ en 15½ jaar. Een dergelijke achteruitgang wordt ook gezien bij mensen
(zonder het 22q11DS) voorafgaand aan een psychose. Aangezien kinderen met 22q11DS een
sterk verhoogd risico hebben op het ontwikkelen van psychotische klachten, is het de vraag
of een dergelijke achteruitgang in cognitieve mogelijkheden wellicht een eerste voorspeller is
dat zich in de toekomst een psychose zou kunnen gaan ontwikkelen.
De ontwikkelingen die kinderen op gedragsmatig en cognitief vlak doormaken, vragen om
specialistische kennis van het syndroom. Dit benadrukt de noodzaak van specialistische
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Chapter 8

22q11-teams die de ontwikkeling van kinderen, maar ook van adolescenten en volwassenen
in de gaten houden. Dergelijke teams zouden goed op de hoogte moeten zijn van de ‘normale’
ontwikkeling passend bij het 22q11DS, zodat ze advies op maat kunnen geven als kinderen
een afwijkende ontwikkeling laten zien.
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