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Abstract

The 22g11.2 Deletion Syndrome (22g11.2DS), the most common human chromosome microdeletion syndrome, is
associated with a very heterogeneous neurocognitive phenotype. One of the main characteristics of the syndrome spectrum
is the intellectual variability, which encompasses average performance and intellectual disability and discrepancies between
Verbal Intelligence Quotient and Performance Verbal Intelligence Quotient, with greater impairment in nonverbal tasks.
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The present study aimed at investigating the intellectual performance aspects of a 21children and adolescents sample
from Brazil who had been diagnosed with 22g11.2DS, based on the Wechsler Intelligence Scale for Children - 4" edition.
The samples were reviewed considering the differences between indices. The results revealed an Full Scale Intelligence
Quotient predominant in the borderline range (42 to 104) and a significant discrepancy between the indices of Verbal
Comprehension and Perceptual Reasoning in 42% of the sample. With regard to the performance in the subtests alone,
a better performance was found in Similarities, whereas block design, matrix reasoning, digit span and letter-number
sequencing subtests were the most challenging. These findings indicate that a comprehensive assessment of intellectual
performance aspects covering the different measures of the Wechsler Intelligence Scale may contribute to a broader
understanding of the neurocognitive phenotype associated with 22g11.2DS.

Keywords: DiGeorge syndrome; Genetics, behavioral; Neuropsychology; Wechsler Scales.

Resumo

A Sindrome da Delecdo 22q11.2 (SD22q11.2), microdelecdo cromossémica mais frequente em humanos, é associada a um
fendtipo neurocognitivo muito heterogéneo. Uma das principais caracteristicas do espectro da sindrome é a variabilidade
intelectual, que abrange de desempenho médio a deficiéncia intelectual, bem como discrepancias entre Quociente de
Inteligéncia Verbal e de Quociente de Inteligéncia de Execucdo, com maior prejuizo nas tarefas ndo verbais. O presente
estudo teve por objetivo investigar aspectos do desempenho intelectual de uma amostra brasileira de 21 criancas e
adolescentes diagnosticados com SD22q11.2, com base nos indicadores da Wechsler Intelligence Scale for Children — 4t
edition. As amostras foram analisadas considerando diferencas entre os indices. Os resultados revelaram predominio de
Quociente de Inteligéncia Total na faixa limitrofe, entre 42 e 104, assim como discrepancia significativa entre os indices
de compreensdo verbal e organizacdo perceptual em 42% da amostra. No que concerne ao desempenho nos subtestes
de forma isolada, um melhor resultado foi verificado em semelhancas, ao passo que cubos, raciocinio matricial, digitos
e sequéncia de numeros e letras foram os mais desafiadores. Esses achados indicam que uma avaliacdo abrangente de
aspectos do desempenho intelectual contemplando as diversas medidas da Escala Wechsler de Inteligéncia pode contribuir
para uma compreensdo mais ampla do fendtipo neurocognitivo associado a SD22q11.2.

Palavras-chave: Sindrome de DiGeorge, Genética comportamental; Neuropsicologia, Escalas de Wechsler.

The 22g11.2 Deletion Syndrome (22g11.2DS), also known as DiGeorge syndrome or Velo-cardio-facial
syndrome, is associated with the deletion of region 11.2 of the long arm of chromosome 22 and involves
a spectrum of over 180 clinical, physical and behavioral manifestations (Shprintzen, 2008). It is described
as the most common microdeletion syndrome found in the population, with an incidence of approximately
1:2.000 to 1:4.000 live births (McDonald-McGinn et al., 2015; Zhao et al., 2018).

The 22g11.2DS is characterized in particular by the presence of psychiatric disorders. Affected
individuals exhibit higher rates of psychiatric comorbidities compared to the general population (Radoeva,
2017; Schneider et al., 2014a). About one third of the adult population with 22g11.2DS develops some kind
of psychiatric disorder (Gothelf et al., 2013). Schizophrenia incidence is of particular interest as it is described
in over 20% of cases (Tang et al., 2014a). Anxiety disorder, depression and bipolar mood disorder have also
been reported (Fabbro, Rizzi, Schneider, Debbane, & Eliez, 2012; Tang et al., 2014a; Tang et al., 2014b; Zarchi
et al., 2014). In studies with children, internalizing kind of behaviors such as anxiety symptoms as well as
difficulties in social interaction with peers, affective and attention problems have been described (Antshel
et al., 2006; Schonherz et al., 2014). There are also reports of high rates of Attention Deficit Hyperactivity
Disorder (Hidding et al., 2015) and Autism Spectrum Disorder (Antshel et al., 2007; Bink et al., 2014; McCabe
et al., 2013; Schneider et al., 2014b).

As to the neurocognitive phenotype, studies have indicated that intellectual performance varies, in
general, between the borderline range and the lower average functioning, that is, Intelligence Quotients
(IQ) range between 70 and 85 in the Wechsler Scales (Jacobson et al., 2010). Mild to moderate intellectual
disability (IQ 55 to 70) occurs in more than 40% of the cases (De Smedt et al., 2007; Niklasson, Rasmussen,
Oskarsdottir, & Gillberg, 2009). Approximately 75% of patients have a significant discrepancy of approximately




15 points between the Verbal (VIQ) Scale and the Performance (PIQ) Scale, with accrued performance
impairment. Further, associated with the syndrome neurocognitive phenotype, cognitive functions deficits
occur in visospatial memory, time perception and spatial orientation, and poor performance in mathematics
(De Smedt et al., 2007; Furniss, Biswas, Gumber, & Singh, 2011; Niklasson et al., 2009; Wong, Riggins,
Harvey, Cabaral, & Simon, 2014)

Cross-sectional and longitudinal studies in individuals with 22g11.2DS have reported a negative
correlation between age and IQ (Duijff et al., 2013; Green et al., 2009; Niklasson et al., 2009). A reduction in
Wechsler Scale indexes over the years is likely due to a decline in Verbal 1Q, due to the greater fragility in the
development of expressive language (Gothelf et al., 2005). Other studies have suggested that the apparent
verbal deterioration would be associated with changes in the thickness of cortical structures that support
neurocognitive functioning and may predispose to the onset of psychiatric symptoms.

Because it is an intellectual profile with great heterogeneity, characterization using the Wechsler Scales
is continuously seen in studies of psychiatric and behavioral phenotypes of 22g11.2DS, due both to their
reliability coefficients and diagnostic accuracy, as well as to the possibilities of use in clinical populations.
However, a more detailed analysis of the scale indices, discrepancies and subtests, relevant for a deeper
design of the cognitive aspects in this population, has been scarcely used in the studies.

In an article with emphasis on the use of the Wechsler Scale subtests for neuropsychological assessment,
Simbes (2002) described the importance of using all factor indexes of the scale for the development of an
individual’s cognitive profile and for the raising of hypothesis about its neuropsychological functioning.
In addition, that author highlighted the relevance of weighted score analysis in the subtests. From the
interpretation of the performance in each subtest, it is possible to highlight cognitive areas with greater
potentiality and those with greater weakness compared to normalized groups.

This study aimed at investigating aspects of the neurocognitive phenotype of 22q11.2DS from an
analysis of the intellectual performance of a sample from Brazil of children and adolescents with this diagnosis,
taking into account the indicators of the Wechsler's Intelligence Scale for Children - 4™ edition (WISC-IV).

Method

Participants

The sample of this study included 21 children and adolescents, aged between seven and fifteen years,
with an average of 11.9 years (Standard Deviation [SD] = 2.2) and included both genders, recruited from
the outpatient clinic of the Medical Genetics Unit of the Instituto da Crianca do Hospital das Clinicas da
Faculdade de Medicina da Universidade de Sdo Paulo and of the Center of Medical Genetics of Escola Paulista
de Medicina da Universidade Federal de Sao Paulo. All the patients were clinically diagnosed by a geneticist;
the diagnosis was confirmed by molecular examination Multiplex Ligation-dependent Probe Amplification
(MLPA). Only individuals with typical 3Mb deletion in region 22q11.2 were enrolled.

This study was approved by the Research Ethics Committee of the Medicine Facultedy, Universidade
de S&o Paulo (case 1088/43/12). All patients or their guardians signed an informed consent form.

Twenty-four patients were initially recruited; however, three were unable to perform the tasks of
the scale due to significant cognitive impairments and, consequently, were not enrolled. The final sample,
therefore, consisted of twenty-one participants, of which thirteen were males (38%). Twelve of the 21
participants attended public schools, eight attended private schools and one did not go to school, due to a
family’s decision on account of difficulties in educational adaptation and accessibility of the school facilities.
The guardians of all participants reported school problems, especially in math and text interpretation.
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Procedures

Intellectual performance was assessed using the Wechsler’s Intelligence Scale for Children, 4™ Edition
(WISC-IV), validated in the Brazilian population (Wechsler, 2013). This is an individual’s clinical assessment
instrument designed to assess the intellectual capacity and problem-solving process of children aged six to
16 years and 11 months.

The scale is composed of four core indices measured in composite scores (average 1Q 90-109), which
comprise principal and supplemental subtests in weighted scores (1-19). The first is the Verbal Comprehension
Index (VCl), which includes the Similarities, Vocabulary, and Comprehension subtests. Supplemental subtests
include Information and Word Reasoning. The second is the Perceptual Reasoning Index (PRI), composed
by the Block Design, Picture Concepts, and Matrix Reasoning subtests; the supplemental index is Picture
Completion. The third index is Working Memory Index (WMI), and its subtests include Digit Span, Letter-
Number Sequencing; the supplemental index is Arithmetic. Finally, the fourth index is the Processing Speed
Index (PSI); the subtests are Coding, Symbol Search and the supplemental index is Cancellation (Wechsler,
2013).

In this study, only the 10 core subtests of each index were used for patient’s assessment. Their
application was performed individually in a single two-hour session by the same psychologist and also by a
psychologist duly trained in the application of the scale, in order to avoid any biases in the test performance.

To investigate the phenotypic profile regarding intellectual performance, the following measures were
used: (1) factor measures indexes (composite point of index and weighted score of the 10 core subtests of the
scale); (2) discrepancies between the compound score in the factor indexes and their cumulative frequency; (3)
weighted score discrepancies among six of the ten subtests (Digit Span, Letter-Number Sequencing, Coding,
Symbol Search, Similarities, and Picture Concepts), and their cumulative frequency; and (4) Determination of
easiness and difficulties in comparing the top 10 subtests of the scale.

The analysis of the factor indexes is performed after the conversion of the gross score by the weighted
score according to the scale normatization tables taking into account the patient’s age. The composite score
of the indexes is calculated by adding the weighted score of the subtests of their domain, also provided in
the scale normatization tables described in the directions manual.

In order to verify any discrepancy between the indexes, the subtraction of the composite scores
is required; the absolute value of the difference is compared to a critical value. Both the critical value for
each comparison as well as the accumulated frequency are found in the tables provided by the scale. The
same process is performed for the analysis of discrepancies between the subtests; however, in this case,
the subtraction is between the weighted scores. On the other hand, difficulties and facility are analyzed by
summing up the weighted points of the 10 core subtests, and the main value of this result is compared to a
critical value. This critical value and the accumulated frequency are obtained from the scale tables.

Descriptive statistics with frequency and dispersion measures (mean and standard deviation with
relevant confidence intervals) were used. Data were analyzed using the SPSS Statistical Software, version
13.0 for Windows.

Results

With regard to the neurocognitive profile of the participants assessed, as inferred by the analysis of
the WISC-IV Scale indexes, the results showed that the mean Full Scale Intelligence Quotient (FSIQ) of the
sample was in the borderline range. 73.0 (SD = 15.2). The highest index found was in the middle range
(FSIQ104) and the lower index (FSIQ42) was consistent with the intellectual disability classification,




that is, two standard deviations below the general average of the Brazilian population according to
age (Table 1).

As to the other indicators reviewed, the mean perceptual reasoning index (PRI-/M = 75.7), the processing
speed index (PSI/M = 78.0) and the working memory index (WMI/M = 73.2) were in the borderline range.
However, the index that evaluated verbal comprehension (VCI/M = 82.7) remained at average levels.

The review of the weighted score medians of each subtest of the scale showed that the lowest results
were observed in the Block Design (5), Matrix Reasoning (4), Digit Span (5) and Letter-Number Sequencing
(5) subtests. The Block Design and Matrix Reasoning subtests are associated with the index that evaluates
Perceptual Reasoning, while the Digit Span and Letter-Number Sequencing subtests are associated with the
index that assesses Working Memory. On the other hand, the highest results were found in the Similarities
(8) subtest, referring to the index that evaluates Verbal Comprehension. Observing the standard deviation of
the subtests, a low amplitude dispersion profile is observed, indicating a greater homogeneity in the group
performance.

With regard to the analysis of the discrepancy frequencies between indexes (Table 2), the results
showed that in all 12 comparisons there was at least one significant difference, i.e., greater than 15 points.
In the comparison between the factor indexes, the highest occurrence of discrepancies (9/21) was observed
between the Verbal Comprehension and the Perceptual Reasoning (VCI > PRI) indexes, with an average
difference of 19.4 points. In other words, in 42.9% of the cases a better performance in the tasks that
evaluated verbal aspects of cognition was observed. Significant discrepancies between Verbal Comprehension

Table 1
Intellectual profile of the sample of patients with 22q11.2DS according to the results of the main indices (composite point) and subtests (weighted
point) of the WISC-1V Scale

Sociodemographic and intellectual variables Minimum Maximum Average SD M
Age in years 7 15 12.1 2.3 13
Total 1Q 42 104 73.0 15.2 69
Indexes

Verbal Comprehension 49 119 82.7 17.6 80
Perceptual Reasoning 49 104 75.7 13.5 77
Working Memory 45 109 73.2 18.1 71
Processing Speed 45 1M1 78.0 17.2 82
Subtests

Block Design 1 1 5.7 2.9 5
Similarities 3 15 8.0 3.3 8
Digit Span 1 1" 5.5 3.2 5
Picture Concepts 1 12 7.2 2.7 7
Coding 1 13 6.1 3.4 6
Vocabulary 1 13 6.8 3.4 7
Letter-Number Sequencing 1 12 5.6 3.3 5
Matrix Reasoning 2 12 5.4 3.0 4
Comprehension 1 12 7.1 29 7
Symbol Search 1 1" 6.3 3.0 7

Note: M: Median; SD: Standard Deviation; 1Q: Intelligence Quotients; WISC-IV: Wechsler's Intelligence Scale for Children - 4™ edition.
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Index and Working Memory Index (VCI > WMI) and Working Memory Index and Processing Speed Index
(WMI > PSI) also occurred in 8/21 cases assessed. Again, better developed skills appear in verbal compared
to non-verbal tasks.

Observing the frequency of scale index discrepancies in Table 2, it may be noticed that when significant
discrepancies (> 15 points) occur, the discrepancy accumulated frequency was less than 17%. That is, when
comparing the results obtained in the study, an intrinsic characteristic of the sample studied is observed and
not of the general population used in the scale normalization.

When comparing the discrepancies between the six subtests (digit span, letter-number sequencing,
coding, symbol search, similarities and picture concepts), the number of cases with significant differences
was not large (3/21).

As for the results of analyses that sought to identify the easiness and difficulties associated with
intellectual performance considering the average among the ten subtests of each participant compared to
the overall average of the scale normalization, there were few significant differences (Table 3).

Four of the 21 patients assessed performed more easily in a single subtest, the Similarities subtest,
compared to the other nine subtests evaluated. The subtest in question is associated with the Verbal
Comprehension index. On the other hand, 4/21 assessed participants experienced higher levels of difficulty
in the Block Design and Matrix Reasoning subtests compared to the others subtests applied. Such subtests
evaluate cognition nonverbal aspects.

Table 2
Frequency of discrepancies in 22q11.2DS patients regarding the indexes (composite point) and subtests (weighted point) of the WISC-1V Scale

Significant Difference

Indexes n Cumulative frequency (%)
Average SD
Indexes
VCl > PRI 9 19.4 10.4 12.5
PRI > VCI 1 14.0 0.0 16.3
VCl > WMI 8 243 12.5 9.6
WMI > VCI 1 15.0 0.0 16.8
VCl > PSI 6 31.8 14.5 9.0
PSI > VCI 3 25.7 8.4 9.0
PRI > WMI 3 20.0 5.7 9.6
WMI > PRI 2 20.0 2.0 7.6
PRI > PSI 4 215 5.9 11.4
PSI > PRI 6 20.5 4.2 1.1
WMI > PSI 8 18.1 5.6 16.1
PSI > WMI 5 26.2 12.6 11.9
Subtests
LNS > DS 0 0.0 0.0
DS > LNS 0 0.0 0.0
CD >SS 1 4.0 0.0 7.8
SS>CD 3 43 5.0 7.5
SM > PC 2 8.0 5.0 0.0
PC > SM 1 4.0 0.0 3.0

Note: CD: Coding; DS: Digit Span; LNS: Letter-Number Sequencing; PC: Picture Concepts; PRI: Perceptual Reasoning Index; PSI: Processing Speed Index; SD:
Standard Deviation; SM: Similarities; SS: Symbol Search; VCI: Verbal Comprehension Index; WMI: Working Memory Index; WISC-IV: Wechsler's Intelligence
Scale for Children - 4t edition.




Table 3
Determination of sample easiness and difficulties in WISC-1V Scale subtests (weighted point)

Mean Difference

Subtests n Cumulative frequency (%)
Average SD
Easiness
Similarities 4 5.2 2.0 4.5
Digit Span 2 2.9 0.3 25.0
Picture Concepts 1 4.3 0.0 5.0
Coding 2 4.9 0.8 7.5
Symbol Search 1 3.7 0.0 10.0
Difficulties
Block Design 4 3.7 0.5 8.8
Similarities 1 3.0 0.0 10.0
Digit Span 3 4.1 1.0 1.7
Picture Concepts 1 4.7 0.0 5.0
Coding 2 5.8 1.7 5.5
Vocabulary 1 5.3 0.0 1.0
Letter-Number Sequencing 2 3.6 0.3 10.0
Matrix Reasoning 4 3.3 1.0 10.0
Symbol Search 1 4.7 0.0 5.0

Note: SD: Standard Deviation; WISC-IV: Wechsler's Intelligence Scale for Children - 4 edition.

Discussion

The main objective of this study was to identify the intellectual performance profile of a sample of
children and adolescents with 22q11.2DS based on the WISC-IV Scale Indices. Thus, it was intended to
contribute to a better characterization of the neurocognitive profile in this clinical condition, as well as to
enhance the importance of using the extended analysis of this instrument.

The results showed an average Intelligence Quotient in the borderline range (FSIQ 73.0 SD = 15.2),
with variability from 42 to 104. These results are consistent with the findings of De Smedt et al. (2007), which
showed a variable FSIQ between 50 and 109 in the sample they investigated, and average performance
in the borderline range (FSIQ 73.5 SD = 11.7). Therefore, our findings are associated with previous reports
that indicate that the intellectual performance in 22q11.2DS ranges from the middle range (FSIQ > 85) to
mild to moderate intellectual disability, between 69 and 35 (De Smedt et al., 2007; Jacobson et al., 2010).

Analysis of discrepancies between the Verbal Comprehension and Perceptual Organization Indices
(VCI < PRI) revealed more significant difficulties in nonverbal tasks compared to tasks requiring verbal skills.
In the study by De Smedt et al. (2007) 75 of the 103 children diagnosed with 22g11.2DS had higher Verbal
IQ (VIQ) than Performance 1Q (PIQ). This apparent characteristic of the 22q11.2DS cognitive phenotype
consisting of discrepancies between verbal and nonverbal abilities was also found in other studies using
neuropsychological tests, which revealed better performance in verbal than visuospatial tests, and in reading
than in mathematics (De Smedt et al., 2007; Furniss et al., 2011; Niklasson et al., 2009; Wong et al., 2014).
Significant discrepancy between VIQ and PIQ is also described in Williams Syndrome, a microdeletion syndrome
involving chromosome 7, which causes intellectual disability, among other findings (Zarchi et al., 2014).

Regarding the analysis of weighted scores on the WISC-IV Scale, the subtests with the lowest scores
were Block Design and Matrix Reasoning, associated with the Perceptual Reasoning Index, Digit Span and
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Letter-Number Sequencing, in connection with the Working Memory Index. The functions involved in these
subtests, therefore, appear to constitute the most fragile cognitive areas in the 22q11.2DS patients. Working
memory deficits have been described in previous studies as a feature of children with 22g11.2DS, as well
as executive functioning and visual attention (Campbell et al., 2010). There are also reports of changes in
visuospatial skills, including poor mental representation of spatial and temporal information (Campbell et
al., 2010; Simon et al., 2008).

Thus, the overall results indicate that the cognitive profile in 22g11.2DS patients is associated
in particular with significant weaknesses in measures of fluid intelligence (such as Matrix Reasoning),
nonverbal visuospatial processing and organization skills, visual and motor coordination, nonverbal problem
solving, verbal memory, attention, auditory coding and processing, and working memory (short-term verbal
memorization and mental manipulation of information). On the other hand, the Processing Speed index
was in the average classification borderline. Such index is associated with cognitive flexibility involvement
(Wechsler, 2013). Investigations with 22q11.2DS patients suggests that deficiencies in cognitive functions
such as processing speed, visual memory and facial recognition are associated with the development of
negative and paranoid symptoms. (Bassett et al., 2011). With regard to our sample, though, such function
was not the most impaired. The best results from our sample were observed in the subtests that evaluated
Verbal Reasoning and Concept Formation, indicating that these are the skills with greatest potential in this
syndrome (Simdes, 2002; Wechsler, 2013).

In essence, the results of the present study corroborate previous findings in the identification of an
intellectual performance variability profile in 22q11.2DS patients in the course of childhood and adolescence,
with better performance in the nonverbal domain compared to the verbal domain. Comparative analyses
of factor indexes also enhance the adequacy of the WISC-IV Scale in the phenotypic characterization of
patients with genetic syndromes that present cognitive impairment. Identification of more fragile cognitive
skills can substantially contribute to directing the long-term therapeutic and pedagogical approach. It is also
important to highlight that in contexts where a broader neuropsychological assessment is not feasible, the
scale can be of great value as it is a widely used tool among psychologists.

Although the main objective of this study was to describe the intellectual performance of a sample
of children and adolescents in Brazil with 22g11.2DS based on the WISC-IV Scale indicators, one of the
limitations of this study was that it did not consider clinical aspects, such as the presence of psychiatric
symptoms and sociodemographic factors, such as family income or educational level, that could contribute
to a broader reflection on the observed profile. Since patients have been recruited from high-demand public
services, difficulties are often encountered for inter-consultations for psychiatric investigations. Moreover,
the sample distribution was not matched by age group, since it is a convenience sample.

However, despite such limitations, the study contributes to the literature on cognitive phenotype in
22q11.2DS patients by presenting results that confirm the existence of performance discrepancies between
verbal and nonverbal tasks in individuals with that diagnosis. Studies in this perspective can contribute to a
better understanding of the genotype / phenotype relationship, as well as deficits and preserved skills, and
foster interventions specifically geared to the weaknesses of individuals with this diagnosis.
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