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Abstract

Purpose of review

Whilst previous reviews have extended descriptions of the behavioural phenotype of Cornelia
de Lange syndrome (CdLS) significantly, potential changes with age across the lifespan have
been neglected. Age-related difference in the behavioural phenotype constitutes preliminary
evidence of change with age. Documenting and understanding the developmental trajectories
of behaviours is informative as it enables identification of risk periods for behavioural

challenges and compromised mental health.

Recent findings

Recent cross sectional, longitudinal and mixed design studies report differing presentations of
the behavioural phenotype across the lifespan. Of particular interest are autistic characteristics
and behaviours consistent with compromised mental health, particularly anxiety and negative
affect, which are reported to be more common and severe in older individuals. Preliminary
evidence for identified causal pathways with consideration of biological, cognitive and

environmental factors are discussed.

Summary

Older individuals with CdLS appear to be at greater risk of poorer psychological wellbeing
than younger peers with significant implications for risk informed preventative and early
interventions. Further work is required to document the behavioural phenotype across the
lifespan with consideration of multiple factors that may influence the trajectory and extent of

negative outcomes

Keywords: Cornelia de Lange syndrome, autism, anxiety, mood, age, executive function
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Introduction

Cornelia de Lange syndrome (CdLS) is a rare genetic disorder (estimated prevalence of
1:10,000-1:30,000 live births) [1*] associated with mild to profound intellectual disability [2-
4]. Approximately 70% of people with CALS will evidence a mutation in the NIPBL gene with
mutations in SMC1A, SMC3, HDAC8, BRD4, ANKRDI1 and RAD21 genes also identified
[1*, 5-10]. Mosaicism is reported in approximately 23% of people [11]. A broad range of
behaviours are characteristic of individuals with CdLS including self-injury, anxiety, negative
affect, autistic characteristics, atypical sensory processing, impulsivity, and sleep problems

[1*, 4, 13-16).

Emerging evidence suggests that aspects of the behavioural, emotional and cognitive
phenotype in CdLS change with chronological age. Documenting and understanding the
developmental trajectory of these characteristics within a given syndrome is useful for
understanding what may be ‘typical’ (i.e. parallel with and increasing at the same rate seen in
typical development), ‘deviant’ (i.e. the trajectory is not parallel) or ‘delayed’ (i.e. the
trajectory is broadly parallel but slower) [17]. Doing so enables identification of critical risk
periods of onset or emergence of behaviours and compromised mental health detrimental to
wellbeing, enabling targeted preventative and early intervention. In CdLS the developmental
trajectory of a range of characteristics appears to be atypical [1*, 14, 18-22%*], with a critical
period of change spanning adolescence and early adulthood (i.e. approximately 15-22 years
old) described by some studies [21, 23]. Interestingly, changes appear to plateau after this
period, indicating that behaviour may stabilise later in adulthood. Reported change includes
autistic characteristics, and negative affect and anxiety, with cross-sectional and longitudinal
research identifying greater frequency and/or severity in older cohorts [4, 19*-21, 24-26].

However, this pattern has not always been replicated across studies [18, 24; 27-30]. The causal
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mechanisms underlying these reported changes are not well understood but it is likely that a
combination of biological, environmental and cognitive factors underpin this trajectory in

CdLS.

In this review we outline evidence which documents the differing profiles of behavioural and
cognitive characteristics across the lifespan of individuals with CdLS. The causal mechanisms

hypothesised to underlie age associated phenotypes are discussed.

Autistic characteristics and Insistence on Sameness

Autistic characteristics are highly prevalent in CdLS, with between 51% and 67% of
individuals meeting clinical diagnostic cut-off scores [13, 14, 24, 27-29, 31-33]. An atypical
presentation of autistic characteristics has been described in CdLS, in which greater social
anxiety is reported in contrast to individuals with non-syndromic autism alongside fewer
sensory interests and less impaired use of eye contact and gestures [26, 34]. As for autistic
individuals [35], intolerance of uncertainty is common in CdLS and an important mediating
factor between autistic characteristics and anxiety [36]. Several cross-sectional studies have
reported greater social withdrawal and social isolation in older than younger individuals with
CdLS [4, 18, 37]. Increased severity of autism related social impairments has also been
described in a seven-year longitudinal follow up study using observational assessments [38%*],

although this change was not apparent over a shorter, two-year follow up period [18].

Individuals with CdLS are reported to have a strong preference for sameness and routine [26,
39]. Insistence on sameness refers to a set of rigid, routinised, and ritualistic behaviours
commonly observed in autism. Such behaviours are also observed in young typically

developing children, arguably serving as an adaptive regulation strategy to manage situations
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with high cognitive load before being replaced by more sophisticated strategies [40]. However,
in autistic individuals and those with CdLS, insistence on sameness and preference for routines
are also reported frequently across the lifespan [20, 41], indicative of a deviant developmental
trajectory [17]. Additionally, Moss and colleagues [20] report insistence on sameness was
positively associated with chronological age in individuals with NIPBL genetic variants of

CdLS.

Negative affect

Negative affect is a broad term encompassing both mood and interest and pleasure which are
considered behavioural markers of depression and anhedonia [42, 43]. Between 11% and 50%
of individuals with CdLS are reported to show behaviour indicative of depression or negative
affect [4, 24 37]. Associations with age are identified such that older individuals show greater
negative affect, with adolescence or early adulthood reported to be critical periods [20, 21, 24,
44]. Generally, negative affect is assessed as a composite construct, both in the ID and CdLS
literature, with mood, and interest and pleasure rarely assessed separately. Those studies that
have evaluated mood, and interest and pleasure as distinct constructs have provided preliminary
evidence that their developmental trajectories are divergent in CALS [19*-21]. Specifically,
interest and pleasure are lower in older individuals, whereas mood is reported to be stable
across the lifespan [19*-21]. Additionally, this association with age may only be the case for

individuals with the NIPBL genetic variant [20].

Anxiety

Anxiety is reported to be highly prevalent in individuals with CdLS [1*, 4, 45], with social
anxiety and selective mutism particularly characteristic. More recent literature has suggested

that individuals with CdLS show behaviour consistent with generalised anxiety, separation
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anxiety and agoraphobia [4, 26, 32, 37, 45-47]. Additionally, increased cognitive demands and,
anecdotally, changes to routine, are described as anxiety triggers [25, 48]. Evidence points
towards intolerance of uncertainty as an important mediating factor in the onset of anxiety in
CdLS [36]. Preliminary evidence suggests that older individuals with CdLS may show higher
levels of anxiety than younger peers [4, 25, 26]. However, some studies report no associations
with age [25, 30]. Variability in reported associations with age may be due to the type of anxiety
being assessed, methodological differences such as the range of ages included in the study
population or the statistical analysis strategy. However, critically, no study reports lower rates
of anxiety in older individuals compared to younger cohorts suggesting that anxiety either

persists or worsens and as such represents a significant area of concern in CdLS.

Cognitive abilities

Individuals with CdLS present with an uneven cognitive profile showing specific executive
functioning deficits, beyond that expected given degree of intellectual disability [22%*].
Specifically, deficits are observed in verbal memory and attention shifting [22*, 48]. Reid and
colleagues [22%*] also report a negative correlation between verbal working memory and
chronological age such that older individuals show poorer performance compared to younger
peers. This may be preliminary evidence of decline in cognitive functioning, underpinned by
functional or structural impairment to the prefrontal cortex. Interestingly, a seven-year follow
up of 30 individuals with CdLS demonstrated that broad adaptive abilities were stable over
time, while receptive language skills improved [38*]. This suggests that the changes observed
in CdLS are unlikely to be accounted for by decline in broad level cognitive functioning and

that any changes observed are likely to be highly specific to executive functioning.



Running Head: Behaviour across the lifespan in CdLS

Causal mechanisms of age-related change in CdLS:

This review has described an emergent literature evidencing changes with chronological age
in specific behavioural and cognitive characteristics in individuals with CALS. In the following
sections we explore the possible mechanisms underlying the atypical trajectory of development
in CdLS. Whilst understanding of these mechanisms is limited at present, we present
hypothesised biological, cognitive and environmental levels of explanation and consider how

these might interact.

Biological factors contributing to age-related change in CdLS:

The genetic mutations associated with CdALS all contribute to the cohesion complex, making
CdLS a cohesinopathy [1*]. Abnormalities of the cohesin complex are associated with
downregulation of proteins implicated in neural growth, maintenance and repair [49].
Additionally, increased apoptosis (programmed cell death) has been identified in zebra fish
models for NIPBL, SMC3, SMC1A and RAD21 variants [50]. Furthermore, Gimigliano et al.
[51] found cell lines associated with mutations of the SMC1A and SMC3 genes in CdLS
showed increased global oxidative stress due to dysregulated protein expression, which has
been noted to be similar to the presentation of neurodegenerative disorders [52-53*]. Whilst
CdLS is not understood or described as a neurodegenerative disorder, such mechanisms may
provide some degree of explanation for the specific behavioural changes with age reported in

CdLS.

Cognitive factors contributing to age-related change in CdLS:

As discussed previously, there is evidence suggesting that some older individuals with CdLS
may have greater executive functioning deficits than younger individuals, specifically in verbal

memory [22%*]. Interestingly, some studies document associations between executive
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functioning profiles and behavioural characteristics. For example, reduced verbalisations in
social situations, which may be indicative of difficulties with sociability and social anxiety, has
been associated with poor working memory and planning ability [23]. This may be because
individuals with compromised planning and working memory find keeping pace with and
following the flow of social interactions challenging. Therefore, further reduction of verbal
memory capacity with age may underlie increases in autism-like difficulties and anxiety in
social situations. Additionally, a high preference for routine and insistence on sameness is
reported in CdLS [26, 39] which is hypothesised to be a coping strategy in typically developing
and autistic individuals as it lessens the cognitive load on executive functioning in daily life
[40]. Thus, any changes in executive functioning with age, such as those identified by Reid and
colleagues [22*], may lead to increased use of such coping strategies. This may result in greater
insistence on sameness and ultimately withdrawal from activities, which could underlie lower
interest and pleasure in older individuals with CdLS described previously [19%*, 21].
Additionally, there may be a reduced tolerance of novel situations as these present a large
quantity of new incoming information, increasing the cognitive load on executive functioning
skills. This tendency for intolerance of uncertainty may lead to increased anxiety in response

to divergence from predictable structure or routines.

Thus, compromised cognitive functioning, and associated age-related changes, may underlie
differences in behaviour profiles across the lifespan in CdLS. However, this change is not
ubiquitous, not every individual shows evidence of this, and global changes in all aspects of
behaviour and functioning are not reported; as evidenced by Cochran and colleagues [38*].
Therefore, manifestation of behavioural difficulties may be dependent on additional factors,

such as the environment.
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Environmental factors contributing to age-related change in CdLS:

Evidence suggests that changes in mood and behaviour in individuals with CdLS are most
likely in late adolescence or early adulthood [4, 24, 44, 54]. The period between 15 and 22
years has been highlighted as a particularly critical period following which a period of
improvement is evident and stability returns [21, 23]. It is notable that the age at which this
critical period has been evidenced, coincides with the significant period of transition for
individuals and their families with transition from child to adult health services and the end of
school-based education. It is well established that this transition period can be particularly
challenging for individuals with intellectual disability and those with complex needs [55, 56].
This may be because transitions from school-based education mark an end to or a loss of
predictable structure and routine, which has been in place for many years. Transitions from
school-based education to college or adult learning facilities and from child to adult
professional/clinical services introduce a great deal of unpredictability and uncertainty into the
young person’s life, and often greater environmental and social, and hence cognitive, demands.
Anecdotal reports of incomplete or delayed transitions or transition to placements that do not
meet the individual’s needs are not uncommon in individuals with CdLS [57]. The high rates
of autistic characteristics in CdLS, coupled with low levels of recognition and diagnosis of
autism in genetic syndrome populations [58], is likely to significantly exacerbate such
challenges. These negative transitional experiences, within the context of a syndrome in which
there is increased risk of anxiety, autistic characteristics and executive dysfunction might result
in significantly reduced capacity to cope under such circumstances and thus provide some
explanation of the changes reported in individuals with CdLS. For example, under such
circumstances it might be anticipated that increased adherence to routine and insistence on
sameness become adaptive coping strategies for some individuals with CdLS to deal with the

anxiety generated by an increasingly unpredictable environment and the person experiencing
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understandably showing less interest and pleasure in such an environment. In recognition of
this, the recently published international consensus statement concerning the management of
CdLS [1*] highlights the need for additional support during adolescence and adulthood and

transitional care periods in order to ‘mitigate mental health issues and problematic behaviour’.

Modelling the interaction between biological, cognitive and environmental factors

contributing to age-related change in CdLS:

The evidence outlined above suggests that there may be specific biological and cognitive
vulnerabilities that emerge with chronological age in CdLS. These factors may go some way
to understanding the reported age-related changes in behaviour described in individuals with
CdLS. Importantly, the fact that adaptive skills remain stable while receptive language shows
continued improvement with chronological age [38*] suggests that the pattern of change
described in CdLS is highly specific and not a global decline in ability. We propose that
emergent biological and cognitive vulnerabilities, coupled with an increased risk for autism
characteristics, intolerance of uncertainty and anxiety, which are often unrecognised and
untreated in individuals with CdLS, leads to reducing capacities to cope with significant
environmental change and/or unpredictable environments/situations as individuals with CdLS
become older. This leaves adolescents and adults with CdLS particularly susceptible to
experiencing negative behavioural and mental health outcomes during challenging transitional

periods and when faced with unpredictable environments/situations.

Conclusions

In this review we have examined preliminary evidence of changes in the behavioural phenotype
across the lifespan in individuals with CdLS. Prospective causal mechanisms for change with
consideration of biological, cognitive and environmental factors have been discussed. The

literature suggests there is evidence of increasing frequency or severity of autistic
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characteristics, lower interest and pleasure, and increasing anxiety with age. This should be
considered by professionals working with individuals with CdLS to provide prevention and
early intervention strategies and support for those at risk of experiencing decline, consistent
with recommendations made elsewhere [1*]. To corroborate hypotheses of causal pathways,
longitudinal research is required with particular emphasis on inter-disciplinary studies that can
concurrently evaluate biological, cognitive and environmental factors. Such research would
inform the production and delivery of early interventions for individuals with CdLS, informed

by risk.

Key points

e Studies identify differing profiles of behaviour across the CdLS lifespan which provide
preliminary evidence of change. Of particular interest are autistic characteristics,
negative affect and anxiety.

e Older individuals with CdLS are reported to show more autistic characteristics, such as
more social impairment, greater insistence on sameness, and less interest and pleasure
compared to younger individuals. Mood remains stable across the lifespan.

e Behaviours indicative of anxiety are reported consistently across the lifespan or at
elevated levels in older individuals. Anxiety is a critical area of concern.

e Studies have described biological, cognitive and environmental factors which could
underlie change in the CdLS behavioural phenotype with an interaction between these
factors likely.

e Applied research should focus on risk driven preventative and early intervention.
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