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Abstract

Background—Children with 22g11.2 deletion syndrome (22q11DS) are at risk for social-
behavioural and neurocognitive sequelae throughout development. The current study examined the
impact of family environmental characteristics on social-behavioural and cognitive outcomes in
this pediatric population.

Method—Guardians of children with 22q11DS were recruited through two medical genetics
clinics. Con senting guardians were asked to complete several questionnaires regarding their
child's social, emotional and behavioural functioning, as well as family social environment and
parenting styles. Children with 22q11DS were asked to undergo a cognitive assessment, including
IQ and achievement testing, and measures of attention, executive function and memory.

Results—Modest associations were found between aspects of the family social environment and
parenting styles with social-behavioural and cognitive/academic outcomes. Regression models
indicated that physical punishment, socioeconomic status, parental control and family organisation
significantly predicted social-behavioural and cognitive outcomes in children with 22q11DS.

Conclusion—Characteristics of the family social environment and parenting approaches appear
to be associated with functional outcomes of children with 22q11DS. Understanding the impact of
environmental variables on developmental outcomes can be useful in determining more effective
targets for intervention. This will be important in order to improve the quality of life of individuals
affected by 22q11DS.
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Introduction

Deletion of chromosome 22 at band q11.2 (22q11DS) is a common genetic condition — also
known as DiGeorge syndrome or velocardiofacial syndrome — with an incidence of 1/2000
to 1/1600 (Shprintzen 2008). In addition to a range of medical complications, it is well
documented that children with 22q11DS have associated cognitive impairment and
academic learning problems.

Research has indicated that 80-100% of these children exhibit cognitive deficits, with an
average 1Q score of 75 (Swillen et al. 1997; Gerdes et al. 1999; De Smedt et al. 2007;
Niklasson & Gillberg 2010). A closer examination of specific cognitive abilities reveals
deficits in a number of domains, many of which are independent of 1Q, including
visualspatial processing, executive functioning, attention, verbal learning and working
memory (Sobin et al. 2005; Lewandowski et al. 2007a). Decrements in cognitive ability can
lead to poor academic performance in these children, and indeed, research has found notable
deficits in arithmetic among children with 22q11DS, whereas reading and spelling skills are
relatively stronger (Moss et al. 1999; Simon 2008; De Smedt et al. 2009).

In addition to significant neurocognitive and academic impairment, children with 22q11DS
are at risk for emotional and behavioural problems. Research has indicated that upwards of
66% of youth with 22q11DS meet criteria for at least one psychiatric diagnosis (Young et al.
2011), which is significantly greater than the diagnostic rate observed in the general
paediatric population [approximately 11% of children ages 8-15 (Merikangas et al. 2010)].
More specifically, these children exhibit a wide range of psychopathology including anxiety
disorders, depression, attentiondeficit/hyperactivity disorder (ADHD) and oppositional
defiant disorder (Swillen et al. 1999; Baker & Skuse 2005; Kiley-Brabeck & Sobin 2006g;
Jolin et al. 2009; Shashi et al. 2012). Consistent with high rates of diagnosed psychiatric
disorders, parents of children with 22q11DS also report elevated rates of internalising and
externalising symptoms in their children (Young et al. 2011). Psychiatric and behavioural
problems early in development are thought to represent a major risk factor for more severe
psychopathology later in life (Gothelf et al. 2007; Lewandowski et al. 2007b). This is a very
relevant consideration for children with 22911DS as it has been shown that these children
are 25 times more likely to develop a serious mental illness later in adolescence through
early adulthood, and approximately one-third of this population will develop schizophrenia
spectrum disorders (Shprintzen et al. 1992; Murphy et al. 1999; Gothelf et al. 2007).

Given the rates of cognitive and psychiatric disability in children with 22g11DS, it is not
surprising that there is also a high risk for poor social functioning in this population. A
recent study by Shashi and colleagues (2012) compared social functioning in children with
22011DS with typically developing peers, and reported remarkable deficits in the 22q11DS
group. Specifically, deficits emerged on parent-reported questionnaires and also on more
objective measures of social skills, such as facial emotion recognition tasks. These findings
are consistent with previous research, which has similarly reported social skill deficits
among children with 22q11DS (Kiley-Brabeck & Sobin 2006b). Importantly, these
behavioural problems have not been shown to be associated with intellectual impairment in
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this population, which suggests that they may be specifically related to a behavioural
phenotype of 22g11DS rather than a general cognitive disability (Jansen et al. 2007; Shashi
et al. 2012).

While significant research has documented the presence of cognitive, psychological and
social impairments in children with 22911DS, less work has examined the contextual risk
factors that may be contributing to this neurobehavioural phenotype. Although it is
reasonable to expect that the microdeletion of multiple genes would confer cognitive and/or
social-psychological disability upon these children, it is not an all-encompassing explanation
of the processes at hand. Rather, it is likely that there are complex interactions between
genetic and environmental factors that influence neurocognitive and social-psychological
outcomes. In particular, it has been widely established in the general population that the
home environment provides a direct context for the child's development, and thus has an
important impact on cognitive and psychosocial outcomes in children (Farah et al. 2006;
Farah 2010). However, very limited research has specifically examined if, and how,
components of the family environment relate to functional outcomes in children with
22911DS.

To date, only two groups have examined the relationship between child outcomes (i.e.
cognitive, psychiatric and/or behavioural functioning) and aspects of the family
environment. Prinzie et al. (2004) assessed the relationship between parenting styles and
personality characteristics of children with 22q11DS. They reported that parental warmth
was associated with conscientiousness and emotional stability in children, while parental
control was positively associated with degree of child dependence and negatively correlated
with conscientiousness. Differences in parental and family context were not related to the
child's 1Q, gender or cardiac defects. Recently, Shashi et al. (2010b, 2012) examined the
relationship between parental socioeconomic status (SES) and neuropsychological and
behavioural functioning in children with 22q11DS compared with typically developing
peers. In general, their results indicated significantly worse functioning across cognitive,
academic and behavioural domains in children with 22q11DS compared with the
agematched control group. Looking specifically at the family environment, among children
with 22q11DS, lower SES was correlated with poorer social skills and greater levels of
maladaptive behaviour, and a significant positive relationship between SES and 1Q/
achievement variables was found. Taken together, these studies suggest that family
environmental factors, such as SES, have an important statistical and clinically meaningful
relationship with behavioural outcomes among children with 22q11DS.

Collectively, the research to date affords some insight into the lives of families affected by
22011DS, in that higher SES and more positive parenting responses are associated with
better emotional functioning. Better understanding of additional contextual variables of the
family environment, such as social climate, may help clinicians identify useful targets for
intervention.

To further examine potential environmental factors, the present study examined family
social climate variables, including cohesion, expressiveness, values, organisation, and level
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of structure and control in addition to dimensions of parenting in relation to
neurobehavioural outcomes of children with 22q11DS.

In typically developing children, it has been shown that the family social and parenting
environment influences both cognitive and behavioural functioning (Baumrind 1966, 1967;
Jonson-Reid et al. 2010; Hewage et al. 2011; Whitley et al. 2011). There are currently no
published data that have examined the family social and parenting environment and its
relationship to cognitive, academic and behavioural outcomes in children with 22q11DS,
however. Based on the empirical data in typically developing children, and previous data
showing the effects of other family environment variables (e.g. SES and parenting style) on
children with 22q11DS, the following hypotheses were made in the context of the measured
variables in this study: (1) more adaptive social-behavioural functioning in children would
be associated with family social environments high in expressiveness and active-recreational
orientation, and low in child independence and conflict; (2) adaptive social-behavioural
functioning would be associated with specific parenting traits including a high degree of
nurturance and control. Parental discipline styles, including inconsistent punishment and
physical punishment were each hypothesised to have a negative relationship with adaptive
social-behavioural functioning, whereas following through on discipline was predicted to
have a positive relationship; and (3) familial achievement orientation and control, in addition
to parental organisation, would have a positive association with overall functioning and
cognitive and academic outcomes, whereas passive punishment strategies would have a
negative relationship with these outcomes. A final goal of the present study was to examine
the family social environment and parenting style variables as potential predictors of social-
behavioural and cognitive outcomes in children with 22q11DS.

Participants included 48 children and adolescents diagnosed with 22q11DS, confirmed by
fluorescence in situ hybridisation (Vysis, Gaithersburg, MD, USA) or microarray analyses
(http://www.affymetrix.com). Participants were recruited from genetics clinics at two
medical centres located in the south-eastern USA. Both sites were used for assessments and
the institutional review boards of both medical centres approved the study. All caregivers
completed written informed consent, and children provided assent when applicable, in
accordance with procedures of the Institutional Review Board. The study was offered to 63
eligible families, 48 of whom participated.

The child and adolescent participants ranged in age from 9 to 18 years, with an average age
at study enrolment of 12.46 years (SD = 2.07). The sample was 54.2% male and largely
white (83.3%), with African-Americans (4.2%), Hispanics (6.3%) and multiracial (6.3%)
racial groups also being represented in the sample. The majority of adults completing the
parent portion of the evaluation were mothers (39; 81.3%), in addition to eight fathers
(16.7%) and one grandfather (2.1%). The Hollingshead Two-Factor Index of Social Position
(Hollingshead 1957; Cirino et al. 2002) placed the sample within the middle socioeconomic
stratum (M = 29.3, SD = 13.45).
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Neurocognitive and behavioural measures

The participants underwent neurocognitive and achievement testing over one to two sessions
to ascertain academic achievement, and a priori determined aspects of neurocognition.
Parental interviews and questionnaires were also administered to ascertain demographic
information, and behavioural/social, and emotional functioning. Individual outcome
variables will be described in detail below.

Overall social and psychological functioning of child participants was measured using the
Children's Global Assessment Scale [CGAS (Shaffer et al. 1983)], a clinician-rated
subjective index of global functioning of the child based on levels of impairment in the
home, at school and with peers. Potential ratings span between 1 and 100, with higher
ratings indicating better overall functioning. Overall SES was measured for each family
using the Hollingshead Two-Factor Index of Social Position (Hollingshead 1957), with
lower numbers indicating higher SES. SES was calculated for each parent, and the lower of
the two numbers (e.g. the highest SES level) was used as a measure of family SES.

Psycho-educational estimates consisted of a full scale 1Q using the Wechsler Intelligence
Scale for Children — 1V (Wechsler 2003) and broad reading ability using the Wechsler
Individual Achievement Test — 11 [WIAT-I1I (Wechsler 2009)]. The 1Q and achievement
results are part of prior reports from our group, with highly significant differences found
between children with 22q11DS and age-matched control subjects on all the measures
(Shashi et al. 2010a,b). Executive functioning was measured by the computerised Wisconsin
Card Sorting Test Version 4 — Research Edition (Chelune & Baer 1986; Chase-Carmichael
et al. 1999), assessing the executive functions of set-shifting, planning and problem-solving,
organisation and impulsivity. The per cent of perseverative errors on this task was used as an
index of inhibitory control.

Behavioural and psychological functioning was assessed using the Child Behaviour
Checklist [CBCL (Achenbach 1991)], the Diagnostic Interview Schedule for Children
[DISC-1V (Shaffer et al. 2000)] and Social Skills Rating System [SSRS (Gresham & Elliott
1990)]. All three of these measures were completed by parents. The CBCL is a widely used
measure of emotional and behavioural functioning of children ages 6-18. Parents respond to
questions regarding their child's social, academic, behavioural and emotional functioning
across home and school domains. Total Competency scales are calculated based on
children's performance and involvement in school, social and academic domains, and
clinical scales are computed for several areas of problem functioning. In the present study,
scales for Total Problem Behaviours and Total Competence were used as outcome variables.
The DISC-IV is a computerised, fully structured diagnostic instrument that assesses 34
common Diagnostic and Statistical Manual — IV (DSM-1V) psychiatric diagnoses of
children and adolescents, by ascertaining the presence or absence of symptoms. In the
present study, DSM-IV axis | disorders were evaluated. Social functioning was assessed
using the SSRS, a 30-item questionnaire that assesses social competence, prosocial skills
and problem behaviours in children grades K-12. The SSRS Total Social Skills and Problem
Behaviour composite scores served as outcomes in the present study.
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Environmental characteristics

Information pertaining to the family social environment and parenting style was measured
through parent-completed questionnaires. Specifically, the Family Environment Scale — Real
Form [FES-R (Moos & Moos 1986)] and Parenting Dimensions Inventory Short Form [PDI-
S (Power 2002)] were used to examine general aspects of the family social environment and
specific parenting approaches respectively.

The FES-R is a 90-item, true-false measure that assesses people's perceptions of their
current family social environment. The FES-R is composed of 10 sub-scales: Cohesion
(alpha coefficient o = 0.78), Expressiveness (a = 0.69), Conflict (a = 0.75), Independence
(o = 0.61), Achievement orientation (a = 0.64), Intellectual/Cultural orientation (a = 0.78),
Active-Recreational orientation (a = 0.67), Moral-Religious emphasis (a = 0.78),
Organisation (o = 0.76) and Control (a = 0.67). This scale has been broadly used in clinical
and research settings as an evaluative measure of a family's dynamic social environment,
including research on congenital abnormalities such as cystic fibrosis (Breslau 1983),
intellectual disabilities (Blacher et al. 1987; Howell et al. 2007), and other disorders such as
Down's syndrome (Pueschelo & Myers 1994) and fragile-X syndrome (Kuo et al. 2002).

The PDI-S is a 27-item measure of parenting style that assesses six dimensions of parenting:
Nurturance (alpha coefficien a = 0.72), Following Through on Discipline (a = 0.66), Type
of Control (alpha not reported), Amount of Control (o = 0.71), Inconsistency (a = 0.82) and
Organisation (a = 0.80). The items for Nurturance, Inconsistency, Following Through on
Discipline and Family Organisation consist of a series of descriptive elements on six-point
scales. The items assessing Amount of Control consist of a series of opposing statements for
which parents must choose the statement that they agree with most. Finally, five disciplinary
situations are presented where parents indicate on Likert scales how likely it is that they
would use different types of discipline. For the current study, two particular discipline
strategies in the Type of Control dimension were examined: Letting the Situation Go (a =
0.83) and Physical Punishment (a = 0.85). These particular strategies were examined
because they can be conceptualised as proxies for polar parenting approaches — permissive
(e.g. poorly controlled and lax discipline) and authoritarian styles (e.g. tightly controlled and
rigid) respectively — as identified in Baumrind's (1966 in Baumrind's (1967) seminal
parenting literature. The literature has shown that permissive styles are linked to
maladaptive behaviours (e.g. substance use, school misconduct) in adolescence, while
authoritarian strategies can negatively impact self-esteem and self-concept, and in turn
social-emotional functioning (Lamborn et al. 1991). Given the impact that these parenting
styles might have on latter functioning in children, these particular variables from the PDI-S
seemed to warrant consideration here. The PDI-S has been widely used in a variety of
research settings as an evaluative and predictive tool for populations including children with
cerebral palsy (Cunningham et al. 2009), and those in special education (Redden et al.
2003).

Statistical methods

Statistical tests were performed using the SPSS statistical software version 19.0. Data were
initially examined for normality and, as some variables were not normally distributed, a
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conservative approach utilising non-parametric tests was taken. Pearson correlations were
computed to determine associations among neurocognitive, achievement, social/
behavioural, family social environment and parenting variables. Wherever indicated,
Bonferroni correction for multiple comparisons was applied, to account for the number of
correlations that were examined. In order to examine whether family social environment/
parenting dimensions predicted neurocognitive and/or social/behavioural characteristics of
children with 22q11DS, a series of linear regression analyses were conducted. Variables
from the FES-R and PDI-S that were either significantly correlated with the cognitive,
academic and social/ behavioural outcomes, or theoretically relevant, were used in the
regression analyses. Means, standard deviations and correlations among the outcome
variables and the family and parenting variables that were significantly associated with
outcomes are shown in Tables 1 and 2.

Descriptives for the FES-R/PDI-S

Given that the focus of this study was to determine the familial correlates of social-
behavioural, cognitive and academic functioning in these children, only brief descriptions
will be given here regarding group outcomes on the FES-R and PDI-S. On the FES-R,
families in our study had scores high on Cohesion, Expressiveness, Intellectual orientation,
Recreational orientation, Moral-Religious orientation, Organisation and Control and lower
in Conflict, when compared with norms (see Table 1). They were lower than typical families
on Achievement Orientation and Independence. On the PDI-S, parents of children with
22011DS had scores high on Nurturance, Organisation, Following Through on Discipline
and Control. They were low on Physical Punishment and Inconsistency.

Hypothesis 1. Relationship between social-behavioural functioning and family
social environment (FES-R).

In order to examine this relationship, correlational analyses between the CBCL (Problems
Score and Competency), SSRS (Social skills and Problem Behaviours) and the 10 FES-R
sub-scales were conducted. Contrary to our expectations, no significant relationships were
found between children's social-behavioural functioning and these FES-R variables. See
Table 2 for specific correlation values.

Hypothesis 2. Relationship between social-behavioural functioning and parenting
style (PDI-S)

A second set of correlational analyses for social-behavioural functioning included the
parenting traits measured by the PDI-S. The use of physical punishment was negatively
associated with CBCL Total Competency (r = -0.42; P < 0.01;Table 3) and SSRS Total
Social Skills (r = -0.38, P < 0.05), and positively associated with CBCL Problem
Behaviours (r = 0.31; P < 0.05; Table 3). Thus greater use of physical punishment was
associated with lower levels of social and academic competence in our sample of children,
and higher levels of problem behaviours. There were no other significant associations.
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Hypothesis 3. Relationship between child neurocognitive and overall functioning
outcomes and family social environment characteristics, parenting traits and
disciplinary strategies

To test this hypothesis, correlational analyses were performed between the 10 FES-R
variables, the six PDI-S variables, overall functioning (CGAS), executive functions and
academic reading outcomes. As expected, there was a significant association between
children's overall functioning and the family's SES (r = —0.34; P < 0.05). There were also
significant associations between overall functioning and the FES-R Achievement orientation
(r =0.38; P < 0.05; Table 2), and the PDI-S Organisation (r = 0.35; P < 0.05; Table 3)
variables. Thus, higher overall functioning was associated with more affluent SES (lower
SES score), greater family emphasis on achievement and greater parental organisation. SES,
in turn, was significantly associated with the FES-R Intellectual-Cultural orientation (r =
-0.36, P < 0.05) and the PDI-S Physical Punishment (r = 0.32, P < 0.05). More affluent SES
(lower SES scores) was significantly associated with greater levels of family interest in
political, intellectual and other cultural activities, and lower levels of physical punishment.

Regarding neurocognitive and achievement performance, children's executive functioning
[Wisconsin Card Sorting Task (WCST) per cent perseverative errors] was positively
associated with the PDI-S Organisation (r = 0.37, P < 0.05; Table 3). Academic
achievement in reading was also significantly associated with PDI-S Organisation (r = 0.38,
P < 0.05; Table 3), in addition to FES-R Control (r = 0.40, P < 0.05; Table 2). Lax
disciplinary strategies (i.e. ‘Letting the Situation Go’ per the PDI-S) was negatively
associated with achievement in reading in this population, as hypothesised (r = —0.43, P <
0.01; Table 3). Contrary to hypotheses, there was no association between familial
achievement orientation and academic reading outcomes of children.

Because of the number of overall correlations, application of the Bonferroni correction for
the total number of correlations would not allow for the retention of the significance of all
our correlational results. However, it is to be noted that many of the correlations were of
medium effect size (Tables 2 and 3) and thus it is likely that a larger sample size would
enable results that would survive correction for multiple comparisons.

Family and parenting predictors of functional outcomes in children with 22g11DS

In order to examine possible family environment and parenting predictors of social-
behavioural functioning in children with 22q11DS, four hierarchical regression analyses
were conducted. Because children with 22q11DS tend to have high rates of diagnosis of
anxiety disorders and ADHD, and are particularly prevalent diagnoses in our sample, we
first evaluated the relation between Anxiety disorders and ADHD and social-behavioural
functioning with t-tests examining differences in CBCL Competency and Total Problems
and the SSRS social skills and problem behaviours in those with and without an Anxiety
disorder and with and without ADHD. We found that children with an Anxiety disorder had
significantly higher CBCL Total Problems t-score compared with those who did not (t =
3.31, P <0.01), as well as lower social skills (t = 6.06, P < 0.001) and more problem
behaviours (t = 2.32, P < 0.05) on the SSRS. Children with ADHD had lower CBCL Total
Competency scores, compared with those without this diagnosis (t = 2.05, P < 0.05), but
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were not significantly different on CBCL Total Problems or the SSRS variables. To account
for these significant differences, it was determined to use the anxiety and ADHD diagnosis
as a covariate in the relevant regression analysis.

For each regression model, demographic and psychiatric diagnoses (anxiety disorders or
ADHD), were entered in the first step of each model as controls. In the second step, the
FES-R and PDI-S variables were entered into the model to allow for a direct comparison of
coefficients. If theoretically relevant, an interaction was added in the third step to examine
the interactive effect beyond that of the individual variables. Each continuous variable was
standardised and centred to reduce multicollinearity among the variables and allow for more
meaningful interpretations of the regression coefficients. Results of the three hierarchical
regressions that included significant FES-R or PDI-S variables are presented in Table 4.

CBCL Total Problem Behaviours

The hierarchical regression of CBCL Total Problem Behaviours was significant [f= 0.47,
Fs,35 = 4.6, P < 0.01]. The presence of an anxiety disorder, as previously discussed, was
entered into the first step of the model, and was indeed a significant predictor [5= 0.47,
t(39) = 3.31, P < 0.01]. FES-R Conflict, PDI-S Physical Punishment and Nurturance were
included in the second block, and an interaction term between PDI-S Physical Punishment
and FES-R Conflict was entered into the third step of this model. Physical Punishment was
the only unique predictor of CBCL Total Problems in the second step [5= 0.29, t(37), P <
0.05]. Although the final step of the model was significant, the interaction of physical
punishment and conflict did not uniquely contribute to the prediction of CBCL Total
Problems. The final model accounted for an unadjusted 35.2% of the variance in CBCL
Total Problems.

CBCL Total Competency

The hierarchical regression of CBCL Total Competency was also significant [F4 34 = 3.04, P
< 0.05). Having an ADHD diagnosis was entered in as a covariate in the first step as
previously discussed. Results indicated that this significantly predicted lower total
competency [ =-0.32, t(37) = -2.05, P < 0.05]. The PDI-S Physical Punishment and
Organisation dimensions as well as their interaction were included in the model in the
second and third steps respectively. Again, only Physical Punishment uniquely contributed
to the prediction of CBCL Total Competency with higher scores on the physical punishment
dimension predicting lower competency [£#= —0.36, t(35) = -2.49, P < 0.05]. The final
model accounted for an unadjusted 26.3% of the variance in CBCL Total Competency.

SSRS Total Social Skills

The hierarchical regression of parent-rated SSRS Total (Social) Skills was also significant
[Fs,36 = 14.5, P < 0.001). The presence of an anxiety disorder diagnosis and the child's
gender were entered as covariates in the first and second steps respectively. Having an
anxiety disorder [ = —0.65, t(40) = -5.64, P < 0.001] and being female [f= —0.31, t(39) =
-2.77, P < 0.01] significantly predicted lower parent-rated total social skills. PDI-S Physical
Punishment and FES-R Independence were included in the third block of this model, as well
as their interaction as the fourth step. In this model, Physical Punishment scores uniquely
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contributed to the prediction of SSRS Total Skills, such that greater endorsement of physical
punishment by parents predicted lower competency [5=-0.39, t(38) = -4.07, P < 0.001].
The final model accounted for an unadjusted 66.8% of the variance in SSRS Total Skills.

SSRS Problem Behaviours

In the hierarchical regression of SSRS Problem Behaviours, having an anxiety disorder
diagnosis was entered as a covariate in the first step. This significantly predicted more
parent-rated behavioural problems in children with 22q11DS [#=0.35, t(39) =2.34, P <
0.05]. PDI-S Physical Punishment, FES-R Active-Recreational orientation and Religious/
Moral were added to the model in the second step. None of the family and parenting
variables significantly predicted problem behaviours and hence no interaction was included.
The final model accounted for an unadjusted 28.7% of the variance in SSRS Problem
Behaviours.

Neurocognitive and overall functioning

Contrary to hypotheses, regression models of cognitive (i.e. executive functioning, measured
by the WCST perseverative errors), academic (i.e. Broad Reading from the WIAT) and
global functioning (per the CGAS) outcomes were non-significant. Neither family social
environment (i.e. intellectual-cultural orientations, degree of control and organisation of the
home) nor parenting variables (i.e. parenting traits and parental disciplinary strategies) were
significant predictors here.

Discussion

The current study examined the impact of family social environmental factors on the social-
emotional, behavioural and cognitive functioning in children with 22q11DS. Results from
the FES-R and PDI-S indicated that, in general, families of children with 22q11DS exhibited
many positive qualities, such as high organisation, cohesion, expressiveness and low levels
of conflict. They tended to have lower scores on academic achievement orientation and
independence, perhaps a reflection of lower parental expectations because of the cognitive
impairments experienced by children with the condition. Parents in our sample reported, in
general, low rates of physical punishment, and high rates of nurturance, organisation and
control.

The aim of the current study was to utilise the FES-R and PDI-S scales to examine whether
elements of the family social environment (e.g. level of support, conflict, control and value
orientations) and approaches to parenting (e.g. punishment style, approach to problem-
solving) predict functional outcomes in children with 22q11DS. At present, there is very
little empirical literature regarding the role of the family social environment on behavioural
outcomes in this population. Only two prior studies have examined the family environment
in general in the 22g11DS population; both finding significant relationships (Prinzie et al.
2004; Shashi et al. 2012). Overall, the findings in the present study suggest that the family
social environment may indeed be associated with functional outcomes in children with
22911DS.
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The most striking result involved parental use of physical punishment, which was
significantly associated with multiple behavioural outcomes. There was a relationship
between the use of physical punishment and social (SSRS) and behavioural problems
(CBCL) such that greater use of physical punishment was associated with lower levels of
overall academic and social competency, and higher levels of behaviour problems. The
potentially maladaptive effect of physical discipline was further supported in our regression
models in which it uniquely predicted the presence of behavioural problems, low overall
competency (across social, emotional and school domains) and poor social skills. These
findings were significant despite the fact that the levels of use of physical punishment in our
sample were relatively low compared with the general population.

There is much controversy in the field of child development regarding corporal punishment
strategies in the home. While a thorough discussion of this is outside the scope of this paper,
briefly, a meta-analysis of corporal punishment of children by their parents indicated that
this disciplinary strategy results in undesired consequences, affecting social, behavioural and
psychological health (Gershoff 2002). Physical punishment strategies reflect an authoritarian
approach to discipline, which may be ineffective and perhaps contraindicated for children
with special needs. Physical punishment, as opposed to authoritative approaches (e.g. having
clearly defined consequences and discussions regarding behaviour), may prevent children
with 22q11DS from understanding why certain behaviours are maladaptive. In addition,
these youth are at risk for modelling aggressive or generally maladaptive behaviour
consistent with physical discipline. Ultimately, using physical discipline may make it more
difficult for children with 22q11DS to internalise social rules about appropriate and
inappropriate behaviour. This may explain some of the behavioural and social impairments
associated with physical punishment in our sample. Indeed, this theoretical process, by
which functional outcomes are associated with punishment styles, has also been delineated
for typically developing populations (Gershoff).

The present study also observed relationships between dimensions of the family
environment, overall levels of child functioning and neurocognitive abilities. There was a
significant association between family SES and children's global functioning, such that
higher affluence (lower SES number) was correlated with a higher CGAS rating. This
finding is consistent with previous research (including the cohort in this study;(Shashi et al.
2010b,2012), which indicated that SES was a significant predictor of social skills, and 1Q,
but not higher neurocognitive functioning or reading achievement in children with
22q11DS. It is possible that families with a higher SES have increased access to high-quality
resources (e.g. educational opportunities for children, clinical care providers) that help
promote healthy functioning in children, which is supported by the fact that in our study
higher SES was also related to greater interest in political, intellectual and cultural activities.
In addition, a higher SES may attenuate some of the stress in families (e.g. by affording
families more resources), thereby enabling parents more time to shape and promote positive
outcomes across functional domains such as school, and in social relationships. We also
noted in our findings that SES was related to the use of physical punishment, which we
previously discussed as having an impact on several social-behavioural outcomes.
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Several relationships were also observed between child neurocognitive outcomes and parent
organisation. Specifically, the results of this study indicated that the level of parent
organisation on the PDI-S was positively related to children's overall functioning (per the
CGAS as well as better executive functioning, and achievement in reading. FES-R Control
was also associated with reading ability in that a greater number of family rules and
procedures were related to higher reading achievement scores. Although these family-level
characteristics were not significant predictors of functioning in our regression models, the
observed relationships are nonetheless important to consider. The impact of family-level
characteristics — in this instance, organisation and parental control — may be working to
facilitate behavioural outcomes of children with 22q11DS through direct and indirect
mechanisms. On a direct level, families high in organisation and parental control may be
shaping adaptive behaviour in their children by providing them with concrete rules and
structure. These rules can be internalised, and ultimately provide a rubric that can be applied
and adapted by children in varying contexts. Thus, a child whose parents set consistent rules
and expectations regarding school may be more likely to comply with homework, resulting
in stronger potentially academic and cognitive skills. This same child may also exhibit more
compliant behaviour in a school setting because he or she internalised rules about behaviour
and respect for adults through the structure at home.

While this would likely be the case for any child, in the context of 22g11DS, children may
require more externally imposed structure, support and control, given the risk for cognitive
or social handicaps associated with the genetic deletion (Feinstein et al. 2002; Lewandowski
et al. 2007a). The importance of organisation and control for these children is further
supported by our finding that a more permissive disciplinary strategy (i.e. Letting the
Situation Go) was negatively associated with reading ability. It is possible that insufficient
structure or lack of consequences can impede these children from reaching their maximal
potential, particularly with respect to early developmental functions. In this regard, the
family environment may become a crucial player in the promotion of children's resilience.

Environmental influences can also impact children's behaviour through indirect means. In
particular, having a child with chronic medical needs can create a level of stress that may
deregulate the family environment. Indeed, research has suggested that families with a child
with 22g11DS have particularly high levels of stress and marital discord in the home
environment (Prinzie et al. 2004) and that poor psychosocial adjustment is exacerbated
among homes with familial cases of 22q11DS (Gothelf et al. 2007). In light of this, it is
possible that increased organisation and control can help compensate for some of the
challenges that may otherwise be present among families with a child with 22q11DS. For
instance, having an organised environment, in which parents maintain control, may mitigate
the stress from anticipated or unanticipated medical, psychological or social needs of their
child with 22q11DS. By reducing the level of stress in the home, children are provided with
a more adaptive environment in which to develop. Indeed, previous research has shown that
children who are resistant to ecological stressors have more adaptive behaviour and better
overall functioning across multiple contexts (Luthar 1991; Holmes et al. 1999). This may be
the case here, and could account for the adaptive role played by familial organisation and
parental control.
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The current study provides modest to moderate evidence for the association of family social
environmental factors in the outcomes of children with 22q11DS. It was initially anticipated
that family environment traits would be stronger, more robust predictors of outcomes in
these children. However, results did not indicate an association between the majority of our
cognitive outcomes with theoretically relevant environmental factors (e.g. intellectual
orientation and achievement motivation of a family). Ultimately, this is likely due to the fact
that cognitive deficits in children with 22q11DS are biologically mediated because of the
deletion (Simon et al. 2005; DeBoer et al. 2007). In contrast, our data revealed more
significant associations between family social factors and achievement outcomes, which are
more susceptible to environmental influences.

There were several limitations to the current study. First, the current study did not employ a
comparison group, which limits the interpretation of results. Notably, we were unable to
make comparisons about differences in the family social environment between children with
22011DS and typically developing peers or other comparison groups, although some of the
observed relationships between the home environment and child outcomes are similar to
typically developing populations.

The use of the Total Competency score on the CBCL may have led to findings that do not
directly reflect the children's functioning, as some of the items may be considered to be
parent-mediated, such as providing the child with opportunities to play sports and to
socialise. With a cross-sectional study as ours, causal inferences are hard to make, as the
direction of the correlations we found between the family's social environment and social-
behavioural functioning could be in either direction. The results also did not retain
significance after correction for multiple comparisons; however, the effect sizes for the
significant correlations between the family social environment and the children's social-
behavioural functioning indicates that with a larger sample size, the results would be more
robust.

In addition, we were limited by the fact that the majority of our measures were completed by
parents. Although we had objective cognitive and academic data, information regarding the
home environment, social, emotional and behavioural functioning (with the exception of a
CGAS rating) was based on parental report. There has been significant discussion in the
paediatric literature regarding the ideal informant, because of recognised discrepancies
between parents, teachers, children and healthcare provider reports (Sawyer et al. 1999;
Wake et al. 2000). This study would have been strengthened by collecting data from
multiple informants, specifically from children and teachers, in addition to gathering more
objective data of social or behavioural functioning (e.g. facial expression recognition,
problem-solving of social vignettes, parent—child interactions).

Finally, our study was limited by a relatively small sample size. With only 48 families, our
analytical approach was restricted to correlational and regression models. We could not
explore models of mediation or moderation, which would be particularly interesting because
it could help us identify specific targets for intervention. Further, while there were trends in
our data, we failed to reach statistical significance for many of the models examined in our
analyses. A larger sample size could have strengthened our findings and helped us better
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understand which environmental characteristics are particularly meaningful for this
population.

Thus, future research needs to continue examining the influence of environmental variables
on the functional outcomes of children with 22q11DS. There is a dearth of data in this field
regarding environmental influences, which limits our understanding of those factors
involved with the development of these children. The current study provided a novel
examination of family-level social factors specifically. While more research should continue
to parse out family-level influences, future studies should also expand this lens to include
other factors in the child's ecological system. This may include an examination of school-
based factors or community-level factors that collectively influence child development.
Children with 22q11DS are at a high risk for a number of social, emotional and psychiatric
sequelage, and the ability to identify environmental risk or resistance factors will aid in the
development of effective interventions.

In summary, the current study contributed to the very small body of literature regarding the
role of the family social environment in the functional outcomes of children with 22gq11DS.
The current results indicated a maladaptive effect of physical punishment, and suggested
some protective role for high parental control and familial organisation. While these specific
findings need to be explored further in future studies, more generally, this study provides
evidence that the environment may play an important role in the outcomes of children with
22911DS.
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