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  Abstract
  BackgroundPeople with 22q11.2 deletion syndrome (velo-cardio-facial syndrome) have
a 30-fold 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.

AimsTo assess longitudinally the change in IQ scores in children with 22q11.2
deletion syndrome.

MethodSixty-nine children with the syndrome were cognitively assessed two or
three times at set ages 5.5 years, 7.5 years and 9.5 years.

ResultsA mean significant decline of 9.7 Full Scale IQ points was found between
ages 5.5 years 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 ages 7.5 years and 9.5 years. The
decline was not associated with a change in behavioural measures.

ConclusionsThe 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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 Children with 22q11.2 deletion syndrome 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 the 22q11.2 deletion can be considered the highest known genetic
risk factor for schizophrenia other than having a monozygotic twin sibling with
the illness.
Reference Gothelf1–Reference Gothelf, Frisch, Munitz, Rockah, Laufer and Mozes5
 Several cross-sectional studies have found a negative correlation between
age and IQ scores in 22q11.2 deletion syndrome,
Reference Golding-Kushner, Weller and Shprintzen6–Reference Shprintzen10
 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 in patients with 22q11.2 deletion
syndrome in late childhood/adolescence, are consistent with this suggestion.
Reference Gothelf, Eliez, Thompson, Hinard, Penniman and Feinstein11,Reference Antshel, Shprintzen, Fremont, Higgins, Faraone and Kates12
 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.
Reference Flynn13
 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 in 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 the 22q11.2 deletion, 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,
Reference Woodberry, Giuliano and Seidman14
 but some studies also suggest that academic or cognitive deficits can be
found as early as in the first grade of school.
Reference Bilder, Reiter, Bates, Lencz, Szeszko and Goldman15–Reference Monte, Goulding and Compton18
 These findings are in keeping with the neurodevelopmental model of
schizophrenia. Against this background, a cognitive decline in people with 22q11.2
deletion syndrome – 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 22q11.2 deletion syndrome,
Debbané et al reported that children with psychotic symptoms had
significantly lower verbal IQ (VIQ) scores than those without such symptoms.
Reference Debbané, Glaser, David, Feinstein and Eliez19
 Gothelf et al reported that a decline in VIQ in
adolescence may be associated with an increased risk of psychotic symptoms during follow-up.
Reference Gothelf, Eliez, Thompson, Hinard, Penniman and Feinstein11,Reference Gothelf, Feinstein, Thompson, Gu, Penniman and Van Stone20
 In an attempt to replicate these findings and predict psychotic symptoms in
22q11.2 deletion syndrome, 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.
Reference Antshel, Shprintzen, Fremont, Higgins, Faraone and Kates12
 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 VIQ subscales and age compared with
performance IQ (PIQ).
Reference Green, Gothelf, Glaser, Debbane, Frisch and Kotler8
 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’.
Reference Green, Gothelf, Glaser, Debbane, Frisch and Kotler8



 Given the increased risk of schizophrenia in people with 22q11.2 deletion syndrome
and the observed premorbid deficit in cognitive abilities associated with
schizophrenia in the general population, the study of cognitive development in
young children with the 22q11.2 deletion 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 the deletion syndrome 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 years 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

 The study was part of a nationwide prospective longitudinal psychological study
of IQ levels and behaviour in children with 22q11.2 deletion syndrome. In this
ongoing study, enlistment is allowed at any age between 1 year 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 (www.vcfs.nl). The inclusion criterion was the presence of a 22q11.2
deletion confirmed by fluorescence in situ hybridisation (FISH) analysis or
multiplex ligation-dependent probe amplification.
Reference Vorstman, Jalali, Rappaport, Hacker, Scott and Emanuel21
 The assessment protocol was approved by the Dutch Medical-Ethical Review
Commission. Written informed consent was obtained from all parents or
guardians.

 A total of 77 children (27 boys and 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’.
22
 Data pertaining to the latter children were excluded from all
statistical analyses because the longitudinal development of IQ levels as
assessed by the test protocol could not be monitored (see the online supplement
for additional information on this group). Of the remaining group 


TABLE 1 Distribution of assessments at ages 5.5, 7.5 and 9.5 years
(n = 69)
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		Number of
children assessed, n

		Mean age
5.5 years (s.d. =0.2)	Mean age
7.5 years (s.d. = 0.2)	Mean age
9.5 years (s.d. = 0.1)
	Assessments			
	    5.5 and
7.5 years	20	20	0
a


	    7.5 and
9.5 years	0
b

	16	16
	    5.5 and
9.5 years	5	0
c

	5
	    5.5, 7.5
and 9.5 years	28	28	28
	
	Total per age
group	53	64	49




a No assessments: 2 children declined further participation, 1 moved
abroad, 17 not yet aged 9.5 years.




b No assessments: 15 children not participating in study at this age,
1 with somatic health problems at this age.




c No assessments: 2 children with somatic health problems, 3 not able
to be tested with standard test protocol.






 of 69 children (26 boys, 43 girls), 41 were assessed twice, and
28 were assessed three times at the ages of 5.5 years, 7.5 years and 9.5 years
exactly (Table 1). Drop-out rates at
various measurement points are also described in Table 1.


 Education

 Parents were asked to report their highest level of education attained and
were categorised according to the International Standard Classification of
Education designed by the United Nations Educational, Scientific and
Cultural Organization (UNESCO).
23
 In the general Dutch population, 27% of men and 24% of women have
completed higher (tertiary) education.
24
 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 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.
Reference Vander Steene and Bos25
 However, 15 (of 53) children could not be assessed with this test
owing to speech problems; in these cases the revised Snijders–Oomen
Non-verbal test for ages 2.5–7 years (SON-R 2.5–7) was used.
Reference Tellegen, Winkel, Wijnberg-Williams and Laros26
 Correlations between FSIQ scores derived using the SON-R 2.5–7 and
WPPSI-R are high (r = 0.75).
Reference Tellegen, Winkel, Wijnberg-Williams and Laros26



 At 7.5 years and 9.5 years of age the children’s FSIQ was assessed using the
Dutch versions of the Wechsler Intelligence Scale for Children – Revised
(WISC-RN) and/or the Wechsler Intelligence Scale for Children Third Edition (WISC-III-NL).
Reference Vander Steene, van Haassen, de Bruyn, Coetsier, Pijl and Poortinga27,Reference Wechsler, Kort, Schittekatte, Dekker, Verhaege and Compaan28
 The Wechsler tests consist of two scales, one assessing VIQ and the
other 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) were assessed with the WISC-RN at 7.5 years and
with the WISC-III-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 = 0.88).
Reference Wechsler, Kort, Schittekatte, Dekker, Verhaege and Compaan28
 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 Behavior Checklist for Ages 6–18
(CBCL 6–18) while the child was being assessed.
Reference Achenbach and Rescorla29
 Also, use of psychotropic medication was recorded at both assessment
points.




 Statistical analysis

 In total, 69 participants were successfully assessed two or three times.
Descriptive analyses were used. 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 test used) were controlled
for. First, multilevel analyses of the development of FSIQ, VIQ and PIQ
scores between 5.5 years 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 years and 9.5 years for children assessed with either
the 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 who were tested with the WISC-III-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; 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 tested with the WISC-III-NL at both ages
(n = 29) and those tested with the WISC-RN at 7.5 years
and WISC-III-NL at 9.5 years (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 for
Windows.






 Results


 Cognitive development 5.5–9.5 years


Table 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 scores at 5.5 years and 7.5 years of age, for VIQ scores at
5.5 years and for PIQ scores at 7.5 years. Multilevel analyses of the
cognitive tests 


TABLE 2 Descriptive information and cross-sectional group means at three
age levels (n = 69)
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		Age
level
		5.5
years	7.5
years	9.5
years
	Age at
assessment, years: mean (s.d.)	5.5
(0.2)	7.5
(0.2)	9.5
(0.1)
	
	
n
	53	64	49
	
	Female,
n (%)	35
(66)	43
(67)	29
(59)
	
	Familial
deletion, n (%)	4(8)	3
(5)	3
(6)
	
	
IQ scores, mean (s.d.)
			
	Full Scale
IQ	78.8
(14.4)	73.5
(11.5)	69.1
(12.2)
	    Girls	82.1
(13.8)	75.4
(11.6)	71.6
(11.9)
	    Boys	72.6 (13.6)
a
*

	67.3 (11.3)
a
**

	65.4
(11.8)
	Verbal
IQ	80.1
(14.2)	76.4
(12.3)	71.4
(12.8)
	    Girls	82.8
(14.8)	77.9
(11.9)	73.7
(12.7)
	    Boys	72.2 (8.7)
a
*

	73.3
(12.6)	68.0
(12.4)
	Performance IQ	77.0
(14.3)	75.0
(12.1)	72.3
(12.2)
	    Girls	78.9
(15.1)	77.2
(12.1)	74.8
(11.8)
	    Boys	70.4
(8.6)	70.3
(10.8)a
*
	68.7
(12.2)




a Asterisks indicate significance of gender comparison for age
group.




*
P<0.05




**
P<0.01.






 indicated that FSIQ scores declined significantly
(P<0.0001) by –2.9 IQ points per year (s.e. = 0.32,
95% CI –3.56 to –2.30). Verbal IQ also declined significantly
(P<0.0001) by –2.3 points per year (s.e. = 0.38, 95%
CI –3.01 to –1.50), as did PIQ (P = 0.015) by –1.1 points
per year (s.e. = 0.44, 95% CI –1.96 to –0.18). There was a more severe
cognitive decline in girls than in boys for FSIQ (P = 0.02,
s.e. = 2.85, 95% CI 1.1 to 12.49) and PIQ (P = 0.019, s.e.
= 2.78, 95% CI 1.16 to 12.26). This difference was not found for VIQ
(P = 0.07, s.e. = 2.96, 95% CI –0.47 to 11.4). Figure 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%; χ2
1 = 1.65, P = 0.20),
Reference DeSmedt, Devriendt, Fryns, Vogels, Gewillig and Swillen30
 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.




 Cognitive development 7.5–9.5 years


Figure 2 presents the progression of
age-normative (scaled) subtest scores per subtest from age 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 to –0.28), Vocabulary (P<0.0001, 95% CI –2.29 to
–0.97) and Comprehension (P<0.0001, 95% CI –2.07 to
–0.77). Within the PIQ scale significant declines were found for the subtest
Block Design (P = 0.035, 95% CI –1.48 to –0.06). See online
Table DS1.




 Change in raw test scores 7.5–9.5 years

 Among the group assessed with the 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 years (Fig.
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
in abilities was observed for two or more subtests (online Table DS2).
Furthermore, Fig. 3 shows clearly the
area in which the children were growing into deficit: their raw scores were
better than they were at age 7.5 years, but did not meet 
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Fig. 1 Development of mean IQ scores in children with the 22q11.2 deletion
syndrome from age 5.5 years to 9.5 years (based on results of
multilevel analysis; n = 69). FSIQ, Full Scale IQ;
PIQ, performance IQ; VIQ, verbal IQ.



 the age-related increase required and seen in their peers without the
deletion 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 years (Table DS2). 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).
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Fig. 2 Change in subtest scaled scores from age 7.5 years to 9.5 years
(n = 44) as assessed with the Dutch versions of
the Wechsler Intelligence Scale for Children – Revised and the
Wechsler Intelligence Scale for Children Third Edition. PIQ,
performance IQ; VIQ, verbal IQ. *P<0.05,
**P<0.01,
***P<0.001.




 Comparing the subgroup of children (n = 10) with cognitive
decline in two or more subtests with the remainder of the participants
(n = 19) showed that there was no worsening in behaviour
in the decline group as measured by changes in CBCL scores
(P = 0.85, 0.36 and 0.15 respectively for total,
internalising and externalising problem scores). The CBCL results are
presented in more detail in online Tables DS3 and DS4.




 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.
Reference Wechsler, Kort, Schittekatte, Dekker, Verhaege and Compaan28
 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 WISC-RN 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
difference was found for the mean change between 7.5 years and 9.5 years in
FSIQ, VIQ or PIQ scores as measured by the WISC-RN and WISC-III-NL
respectively (online Table DS5). 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 FSIQ 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 VIQ as it was for PIQ. Within the
VIQ scale, significant declines were found for the subtests Vocabulary, 
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Fig. 3 Progression in raw Wechsler Intelligence Scale for Children (WISC-III)
subtest scores between ages 7.5 years and 9.5 years
(n = 29) expressed as the delta raw score (raw
score at 9.5 years minus raw score at 7.5 years).

 In the lighter shaded area 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 darker shaded area indicate an absolute decline, implying that the
child performed less well in the exact same subtest regardless of age
norms. Arith, arithmetic; BD, block design; Compre, comprehension;
Digit, digit span; Info, information; ObA, object assembly; PA,
picture arrangement; PC, picture completion; Simi, similarities;
Vocab, 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 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 plausible
candidate genes, including catechol-O-methyltransferase
(COMT), proline dehydrogenase (oxidase) 1
(PRODH), phosphatidylinositol 4-kinase, catalytic, alpha
(PI4KA) and T-box 1 (TBX1).
Reference Gothelf, Eliez, Thompson, Hinard, Penniman and Feinstein11,Reference Raux, Bumsel, Hecketsweiler, van Amelsvoort, Zinkstok and Manouvrier-Hanu31–Reference Paylor, Glaser, Mupo, Ataliotis, Spencer and Sobotka33
 Comprehensive reviews of 22q11.2 genes with potential to influence
cognitive development are provided elsewhere.
Reference Karayiorgou, Simon and Gogos34,Reference Williams35
 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.
Reference Woodberry, Giuliano and Seidman14,Reference Kremen, Buka, Seidman, Goldstein, Koren and Tsuang36
 It could be speculated that the observed decline in this study is
likely to be the first symptom of schizophrenic disorder in 22q11.2 deletion
syndrome. Interestingly, the absolute decline did not occur in all the
children, but rather in a subgroup, parallel to the observation that only a
subgroup of people with 22q11.2 deletion syndrome will develop
schizophrenia. However, in order to answer this question, 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 (at the end of primary school) and earlier if thought
necessary by parents or professionals.

 The finding of a cognitive decline, mainly driven by a decrease in VIQ, is
consistent with the findings of previous (mostly cross-sectional) studies in
people with 22q11.2 deletion syndrome. Also, the verbal and performance
subscales that appear to be most affected are almost entirely consistent
with results of previous studies.
Reference Green, Gothelf, Glaser, Debbane, Frisch and Kotler8,Reference Gothelf, Feinstein, Thompson, Gu, Penniman and Van Stone20,Reference Gothelf, Penniman, Gu, Eliez and Reiss37
 The cross-sectional IQ data of this study show 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 findings,
Reference Antshel, Abdulsabur, Roizen, Fremont and Kates38,Reference Niklasson, Rasmussen, Oskarsdottir and Gillberg39
 yet inconsistent with others that found no gender difference.
Reference DeSmedt, Devriendt, Fryns, Vogels, Gewillig and Swillen30
 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.
Reference Antshel, Shprintzen, Fremont, Higgins, Faraone and Kates12
 It could be argued that this finding is actually the result of a
floor effect of the WISC-III: 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 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 the deletion syndrome 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 score 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 who
were tested twice with exactly the same test (WISC-III-NL). 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 children was not part of our test protocol. Therefore, we cannot
evaluate whether the observed changes in IQ were correlated with psychiatric
diagnoses such as attention-deficit hyperactivity disorder and
autism-spectrum disorder. However, previous studies by different groups
strongly suggest that such a correlation either does not exist, or is likely
to be of modest strength at most.
Reference Vorstman, Morcus, Duijff, Klaassen, Heineman-de Boer and Beemer4,Reference Niklasson, Rasmussen, Oskarsdottir and Gillberg39,Reference Jansen, Duijff, Beemer, Vorstman, Klaassen and Morcus40






 Clinical relevance

 Apart from relevance to the understanding of the genetic underpinnings of
cognitive deterioration, the observed decline also has clinical consequences
for individuals with 22q11.2 deletion syndrome. 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 internalising and externalising psychiatric
disorders.

 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 score 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 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 22q11.2 deletion
syndrome-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 22q11.2.2 locus contribute to an early cognitive
decline.
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 TABLE 1 Distribution of assessments at ages 5.5, 7.5 and 9.5 years (n = 69)
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 TABLE 2 Descriptive information and cross-sectional group means at three age levels (n = 69)
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 Fig. 1 Development of mean IQ scores in children with the 22q11.2 deletion syndrome from age 5.5 years to 9.5 years (based on results of multilevel analysis; n = 69). FSIQ, Full Scale IQ; PIQ, performance IQ; VIQ, verbal IQ.
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 Fig. 2 Change in subtest scaled scores from age 7.5 years to 9.5 years (n = 44) as assessed with the Dutch versions of the Wechsler Intelligence Scale for Children – Revised and the Wechsler Intelligence Scale for Children Third Edition. PIQ, performance IQ; VIQ, verbal IQ. *P<0.05, **P<0.01, ***P<0.001.
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 Fig. 3 Progression in raw Wechsler Intelligence Scale for Children (WISC-III) subtest scores between ages 7.5 years and 9.5 years (n = 29) expressed as the delta raw score (raw score at 9.5 years minus raw score at 7.5 years).In the lighter shaded area 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 darker shaded area indicate an absolute decline, implying that the child performed less well in the exact same subtest regardless of age norms. Arith, arithmetic; BD, block design; Compre, comprehension; Digit, digit span; Info, information; ObA, object assembly; PA, picture arrangement; PC, picture completion; Simi, similarities; Vocab, vocabulary.
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Serbia
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Tokelau
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Turkmenistan
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United States
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Western Sahara
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