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Abstract

Background: The aim of this study was to examine executive functioning in adolescents and adults with Cornelia
de Lange syndrome (CdLS) to identify a syndrome and age-related profile of cognitive impairment.

Methods: Participants were 24 individuals with CdLS aged 13–42 years (M = 22; SD = 8.98), and a comparable
contrast group of 21 individuals with Down syndrome (DS) aged 15–33 years (M = 24; SD = 5.82). Measures were
selected to test verbal and visual fluency, inhibition, perseverance/flexibility, and working memory and comprised
both questionnaire and performance tests.

Results: Individuals with CdLS showed significantly greater impairment on tasks requiring flexibility and inhibition
(rule switch) and on forwards span capacity. These impairments were also reported in the parent/carer-rated
questionnaire measures. Backwards Digit Span was significantly negatively correlated with chronological age in
CdLS, indicating increased deficits with age. This was not identified in individuals with DS.

Conclusions: The relative deficits in executive functioning task performance are important in understanding the
behavioural phenotype of CdLS. Prospective longitudinal follow-up is required to examine further the changes in
executive functioning with age and if these map onto observed changes in behaviour in CdLS. Links with recent
research indicating heightened responses to oxidative stress in CdLS may also be important.
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Background
Cornelia de Lange syndrome (CdLS) is caused by muta-
tions of the NIP-BL gene on chromosome 5p13.1 for
nearly 60% of individuals and by mutations on theSMC3,
RAD21 and the X linked SMC1A and HDAC8 genes in
a smaller proportion of affected individuals [1–5]. All
five genes are involved in the structure and regulation of
the cohesin complex which is crucial for neural main-
tenance and repair [2, 6]. It is probable that there are
further unidentified mutations relevant to the cause of
CdLS [7]. The physical phenotype of CdLS includes low
birth weight, small stature, limb abnormalities, distinctive
facial features, hearing and vision abnormalities, and car-
diac, genito-urinary and gastro-intestinal disorders [8–10].

Degree of intellectual disability is variable and typically se-
vere (30%) to profound (45%) with poor expressive relative
to receptive language [11–14].
Behavioural research has focused on self-injurious be-

haviour and, more recently, autism spectrum disorder
(ASD) characteristics (e.g. [13–16]). Reported prevalence
rates of autism spectrum disorder in CdLS range from
43 to 67% [13, 14, 17–21]. However, the presentation of
the triad of impairments in CdLS may not be typical of
that observed in idiopathic ASD [19, 20]. Specifically,
social impairment in CdLS is characterised by selective
mutism, extreme shyness, social anxiety and social
avoidance [11, 19, 22–24]. Although repetitive behav-
iours do not appear to contribute as significantly to the
ASD profile, relative to social interaction and communi-
cation impairments [25, 26], they are characteristic of
the syndrome, specifically lining up and tidying up* Correspondence: j.f.moss@bham.ac.uk
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behaviours and a strong preference for routine and need
for sameness [15].
There is emerging evidence of age-related changes in

behaviour in CdLS. Kline et al. [27, 28] reported 80% of
individuals to show high levels of depression, self-injury,
obsessive-compulsive behaviours, anxiety, aggression
and hyperactivity. Blagowidow, Kline and Audette [29]
also reported that behaviour disorder increased at pu-
berty. Basile et al. [17] reported increased behavioural
changes with age including communication disturbances
and anxiety in 56 individuals aged 11 to 31 years, and
Sarimski [12] found children over age six experienced
significantly more social isolation and anxiety than youn-
ger children. Oliver et al. [25] reported that adults with
CdLS were more likely to experience levels of negative
affect and impulsivity (13%) compared to children with
CdLS (3%), a profile not reported in other syndrome
groups. Low mood is also reported within the teenage
years compared to fragile X and Cri du Chat syndrome
groups and is associated with higher scores on measures
of insistence on sameness [30]. In combination, these
observations of the behavioural phenotype of CdLS and
its correlates suggest cognitive difference and change
with age might be evident in this syndrome and related
to the behavioural presentation.
Comparatively, less research has been published re-

garding the cognitive profile of CdLS. In this study, we
will describe the cognitive profile, specifically executive
function, in more able people with CdLS and consider
the relationship with chronological age and its associ-
ation with behavioural change. Executive functioning re-
fers to cognitive abilities that control and regulate other
abilities and behaviours and are necessary for goal-
directed behaviour. They include the ability to initiate
and stop actions, to monitor and change behaviour, and
plan future behaviour when faced with novel tasks and
situations. Executive functions allow individuals to an-
ticipate outcomes and adapt to changing situations. The
ability to form concepts and think abstractly are often
considered components of executive function [31].
Specific deficits in executive functioning are thought

to account for some of the observed behavioural prob-
lems seen in autism spectrum disorder [32] and are also
described in a range of genetic syndromes such as fragile
X (e.g. [32–36]), Prader-Willi, and Down syndromes.
Woodcock, Oliver, and Humphreys [37] reported that
impairment in attention switching in Prader-Willi syn-
drome was related to behavioural reports of adherence
to routine and temper outbursts, providing evidence for
an executive functioning-behaviour link. Similarly,
changes in executive function that accompany decline in
Down syndrome have also been described [38].
The frontal lobes are postulated to play a major role in

executive functioning [39] and are the last part of the

brain to fully develop. Studies of Prader-Willi, fragile X,
and Williams syndromes reveal abnormalities in the
frontal region that may be related to compromised ex-
ecutive functioning [35, 40]. For example, fMRI scanning
of individuals with fragile X, in which difficulties with
inhibition and visual attention switching are evident
[35, 41], has shown reduced activation in the prefrontal
cortex [42]. Brain imaging studies of individuals with
CdLS are lacking. However, the few available autopsy
studies have revealed frontal lobe hypoplasia in CdLS,
indicating possible disorders of axonal growth, neural
priming, and neuron cell repair [43]. Therefore, it may be
postulated that impaired growth of the frontal lobes or
emergent neuropathology may underpin behavioural
change seen in CdLS, especially that occurring during
adolescence and early adulthood [44].
Recent research by Gimigliano et al. [45] analysing the

proteomic profile of the SMC1A and SMC3 genes
implicated in CdLS showed protein expression was
dysregulated. CdLS cell lines were found to show an
increase in global oxidative stress as a result of this dys-
regulation, which the authors postulate could contribute
towards the phenotype of the disorder, including prema-
ture aging and associated cognitive changes. They dis-
cuss how the subsequent reduced antioxidant defences
could ultimately lead to cell death through DNA dam-
age, membrane potential loss and reduced synthesis of
ATP. These conclusions are tentative and require further
investigation; however, the role of oxidative stress in
neurodegeneration has been evidenced in other disor-
ders. For example, oxidative stress in the brain has been
associated with the pathogenesis of neuron degeneration
and death in Alzheimer’s disease [46, 47]. It is therefore
possible that oxidative stress may cause a chain of reac-
tions that could account for the neuropathological and
cognitive changes occurring with age in CdLS.
In summary, the available evidence suggests that be-

haviours that are phenotypic of a genetic syndrome may
be underpinned by executive functioning impairments.
The behavioural phenotype of CdLS also suggests a
description of executive function deficits would be inform-
ative. Furthermore, reports of behavioural changes with age
in CdLS, specifically around the age of adolescence/early
adulthood, suggests that examining the association between
executive function and age in CdLS would be informative
as well.
A contrast group of individuals with Down syndrome

(DS), comparable for age, gender, mobility, level of adaptive
behaviour and receptive language (a domain not thought
to tap into executive functioning [48]), was included in the
current study. Down syndrome has a prevalence of 1 in
600 live births. The syndrome is caused by an extra 21st
chromosome in 95% of people affected [49]. The physical
phenotype includes epicanthic folds, protruding tongue,
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flat nasal bridge, brachcephaly, broad hands, brachydactyly
and lax ligaments [50]. Developmental delay is also preva-
lent. At age 21, mean IQ is 42 (range 8–67) [50]. According
to other studies (e.g. [51]), the behavioural and cognitive
phenotype for DS includes relative strengths in elements of
visuospatial processing [52, 53] and social functioning
[54, 55], alongside relative deficits in language [56], verbal
processing [57], verbal short-term memory and explicit
long-term memory. However, visuospatial short-term
memory, associative learning and implicit long-term
memory functions are relatively preserved [58]. Executive
functioning skills are considered to be broadly impaired
adults with DS. Specifically, deficits in inhibitory control
[59], flexibility [60] set shifting, sustained attention and
planning have been documented in adults [61], alongside
the aforementioned deficits in short-term memory. Fewer
studies have evaluated these skills in children, although
studies indicate that the profile of impairment may be
similar to that observed in adults [62, 63]. According to
Pritchard et al. [64], deficits in executive functioning in
children and adolescents with DS are largely mediated by
associated co-morbidities such as autism spectrum dis-
order symptomatology and ‘disruptive behavior disorder’.
The role of intellectual disability in this association is not
fully understood, and findings are inconsistent [62, 64].
In this study, a well-matched, homogenous group of

people with DS, rather than a heterogeneous group of
people with intellectual disability, was considered an
appropriate contrast group. The literature describing
cognition in individuals with DS is fairly consistent, and
more is known about the behavioural and cognitive
phenotype of DS than any other syndrome group.
Therefore, this population provides a useful benchmark
for profiling and interpreting the strengths and weak-
nesses in CdLS. This group can be positioned relative to
the known areas of difficulty in individuals with DS. Due
to the relatively small sample sizes, such a homogenous
group was considered to add greater statistical power.

Method
Participants
Participants with CdLS were recruited either directly
through a pre-existing research database of individuals
with neurodevelopmental disorders who had previously
participated in research and consented to be contacted in
the future or through the CdLS Foundation (UK and
Ireland). Participants with DS were recruited through the
pre-existing research database only. Ethical approval was
given by the University of Birmingham’s ethics committee.
Inclusion criteria comprised diagnosis from an appro-

priate professional (clinical geneticist or paediatrician),
aged 12 years or over, able to speak at least 30 words, a
self-help score indicating the person was at least partly
able in self-help skills (indicated by scores on the

Wessex Behaviour Scale [65] of seven or more out of
nine), a receptive vocabulary age equivalent score of at
least 40 months on the Vineland Adaptive Behavior
Scale (VABS; [66]) and able to walk unaided. For
practical reasons, participants were also required to live
within 200 miles of the research base.
Thirty-four families of individuals with CdLS ex-

pressed an interest in participating in the study and were
screened over the phone for eligibility. Five families did
not participate due to distance, availability and illness,
and one because they did not meet the inclusion criteria
in relation to level of self-help skills. Of the 29 individ-
uals visited, five had missing direct assessment data and
a further two had missing questionnaire data. However,
comparisons based on initial screening assessments indi-
cated that these individuals did not differ from partici-
pants with full datasets on any of the inclusion criteria
(p > .05). Twenty-four families of individuals with DS
expressed an interest in participation. Of these, three
families did not participate due to availability. In sum,
24 participants with CdLS (14 females and 10 males)
aged 13–42 (M = 22; SD = 8.98) and 21 participants with
DS (13 females and eight males) aged 15–33 (M = 24;
SD = 5.82) years participated. Five participants with DS
were missing VABS datasets due to failure to be able to
contact the caregivers in the month following the visit;
however, comparisons using Wessex scale inclusion
criteria showed these individuals did not significantly
differ to other participants on level of self-help skills
(p > .05). Table 1 shows the demographic information of
both groups. A comparison of the group demographics
demonstrated that there were no significant group
differences in relation to chronological age, gender,
receptive language, adaptive behaviour skills and
developmental quotient.

Measures
Demographic Questionnaire: A demographic question-
naire was used to obtain background information re-
garding age, gender and diagnostic status (i.e. whether
and by whom the diagnosis was made by).
The British Picture Vocabulary Scale—Second Edition

(BPVS II; [67]) was used to evaluate receptive vocabu-
lary. The BPVS is reported to be psychometrically robust
with good validity and reliability [67]. Age equivalence
can be calculated. Developmental quotients for partici-
pants were calculated based on receptive language age
equivalence and chronological age.
The Vineland Adaptive Behavior Scale (VABS-II; [66])

was used to assess adaptive behaviour (an individual’s
personal and social skills as s/he interacts with her/his
environment). The VABS is used widely for supporting
the diagnosis of intellectual and developmental dis-
abilities [66]. It is administered in a semi-structured
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interview format to the parents or caregivers. The test
measures four main domains: ‘Communication’, ‘Daily
Living Skills’, ‘Socialization’ and ‘Motor Skills’. The VABS
was conducted face-to-face or via the telephone with the
participant’s parent/carer.

Measures of executive functioning
A range of individual tasks was used to assess different
aspects of executive functioning abilities including work-
ing memory, verbal fluency, flexibility and inhibition
skills. Additionally, a broad informant measure of execu-
tive functioning skills was completed by parents/carers.
These assessments are outlined in detail below:

Global measure of executive function
The Behaviour Rating Inventory of Executive Function-
Preschool Version (BRIEF-P; [68]) is an informant-based
questionnaire designed to examine deficits in several
areas of executive function. The 63-item questionnaire is
used to evaluate children with a wide spectrum of devel-
opmental and acquired neurological conditions. Given
previous reports of low adaptive ability in individuals
with CdLS and DS, the BRIEF-P was considered to be
the most ecologically valid measure for the expected
level of ability (similar to methodology used by Liogier
d’Ardhuy et al., [69]). It is completed by a parent/carer
who rates the person’s executive functioning within the
context of everyday environments. It is reported to be
an ecologically valid and efficient tool for screening,
assessing and monitoring executive functioning. Ratings
are made on a 3-point Likert scale (‘Never’, ‘Sometimes’,
and ‘Always’) to indicate if a behaviour has been a prob-
lem over the last 6 months.
The five non-overlapping scales of the BRIEF-P are

Inhibit, Shift, Emotional Control, Working Memory and
Plan/Organize. These clinical scales form three indices:
Inhibitory Self Control (Inhibition + Emotional control),
Flexibility (Shift + Emotional Control) and Emergent
Meta Cognition (Working memory + Plan/Organize)
and one composite score (Global Executive Composite).
The authors report high internal consistency (.80–.95)

and test-retest reliability (.78–.90). T scores were calcu-
lated based on age equivalence scores of receptive
language skills for each subscale and index. Where an
individual’s receptive language ability was greater than
the range assessed by the BRIEF-P, scores were normed
on the highest age band available. Higher T scores
indicate a greater deficit with scores of 65 or above
indicating impairments that are of clinical significance.

Assessments of working memory
Working memory consists of verbal and visuospatial
subsystems [70]. Participants’ working memory capacity
was examined using two tests designed to tap into each
of these subsystems separately; the Digit Span test from
the Wechsler Intelligence Scale for Children [71] and
the Corsi Span test from the NEPSY [72].
Digit Span from the Wechsler Intelligence Scale for

Children—Third Edition UK (WISC-III; [71]). The Digits
Forward and Digits Backward tests comprise the Digits
Span test, developed to measure working memory in
typically developing children aged between 6 and
16 years. A participant’s score on the Digit Span task is
the number of strings of digits they correctly recalled.
The maximum length of the digit string correctly
recalled was also recorded. The reliability and validity of
this test has been reported to be good [71].
Corsi Span: The Corsi Block-Tapping Test (From the

NEPSY; [72]) The Corsi Block-Tapping Task measures
visuospatial short-term and working memory and is,
arguably, the ‘single most important nonverbal task in
neuropsychological research’ [73]. The Corsi blocks task
was developed in the early 1970s as a visuospatial counter-
part to the verbal-memory span task [74]. Participants
watch the experimenter tap a sequence of blocks and then
repeat the sequence themselves. In the backwards part of
the task, they are to repeat the sequence in reverse order.
Item one consists of two blocks to be tapped, and the
number increases by one for each trial. A participant’s
score on the Corsi Span task was determined by the
number of correct trials. The maximum length of the string
of block-taps they correctly recalled was also recorded.

Table 1 A comparison of demographic information between the CdLS (N = 24) and DS (N = 21) groups

CdLS DS t/χ2 p

Gender % Female % df 58.3 (1,45) 61.9 .06 .53

Age (years) Mean (SD) 22.29 (8.98) 24.38(5.82) −.91 .37

BPVS Raw score 66.63 (20.23) 67.19 (23.70) −.09 .93

Age equivalence (years) 6.12 (2.15) 6.29 (2.72) −.22 .83

Developmental quotienta 31.61 (12.59) 27.91 (10.29) 1.07 .29

VABS Communication domain (standard score) 49.17 (16.74) 48.94 (24.36) .04 .97

Daily living skills (standard score) 55.96 (14.16) 56.0 (11.10) −.01 .99

Socialization (standard score) 56.87 (18.09) 52.56 (24.97) .63 .53
aCalculated from receptive language age equivalences as measured by the BPVS (receptive language age/chronological age × 100)
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Assessments of fluency
Verbal and visual-spatial fluency were assessed using the
Verbal Fluency test and the Design Fluency test from
the NEPSY [72].
Verbal Fluency from the NEPSY [72]. This test assesses

the ability to generate words quickly, according to
semantic and phonemic categories. The Verbal Fluency
test has been designed to assess fluency/generativity in
typically developing children aged between 3 and 12 years
old. The test is comprised of two parts: Semantic Fluency
(listing as many words as possible in 60 s that are animals
in trial 1 and food and drink in trial 2) and Phonemic
Fluency (listing as many words in 60 s, excluding names
of places and people, beginning with ‘S’ in trial 1 and ‘F’ in
trial 2). The total raw score is calculated by summing up
the number of correct words produced in each part of the
test. The psychometric properties appear robust for this
measure [75]. Scores on these Verbal Fluency tasks were
determined by the number of novel words relating to a
category that were generated in the 60-s time period. The
number of repeated words is also examined to see whether
there is more perseveration demonstrated within either of
the groups.
Design Fluency from the NEPSY [72]. Design Fluency

is a measure of nonverbal fluency. The test assesses
ability to generate novel designs in a limited time period
(60 s). It utilises executive functioning as participants
need to plan and monitor their designs throughout the
tasks, keeping the goal in mind. There are two tasks:
participants are asked to connect two or more dots
using straight lines to make a design on a structured
array of dots, each contained in a separate box; and then
do the same on an unstructured array of dots each
contained in a separate box. Each design has to be
different from the others.
The unstructured array increases executive load [75].

The total score is the number of novel designs gener-
ated. The number of repeated designs is also examined
to see whether there is more perseveration demonstrated
within either of the groups.

Assessments of mental flexibility and inhibition
Flexibility and inhibition were assessed using the Dimen-
sional Card Change Sorting task (DCCS [76]). Partici-
pants are required to sort a series of bivalent cards, first
according to one dimension (colour; red or blue), then
according to the other (shape; boat or rabbit) and then
according to whether or not a border is present. Three
elements on the DCCS task produce three sets of scores;
the number of correct card sorts (out of six) for colour
and shape and then number of correct card sorts for
shape/colour dependent on border (out of 12). Types of
errors for the border task (e.g. colour and shape) were
also recorded. No feedback was provided at any point.

The DCCS task is a widely used measure of executive
functioning suitable for use with participants across a
wide range of ages [77]. The majority of 3 years old suc-
cessfully sort the cards on the first dimension, but dem-
onstrate perseveration during the post-switch phase,
exhibiting inflexibility [77]. By 5 years old, most children
switch when instructed to do so. An additional challenge
can be added for those participants who successfully
switch to the new rule. They are given a ‘border’ version,
whereby if a card has a border around it they are to sort
by colour, if there is no border then they are to sort
by shape.

Procedure
Participants were assessed in their homes. On confirm-
ation of the research visit, the participant’s parent/
carer(s) were sent a questionnaire pack to complete. The
first 20 min of the assessment session were spent
building rapport and answering questions. Participants
were given regular breaks throughout the testing. On
completion of the test battery, participants and their
families were given further opportunity to ask any
questions, and debriefed.

Data analysis
Data were checked to make sure they were normally dis-
tributed, and although there were some variables that
were skewed (number of correct items in DCCS shape
and border version), they followed the same pattern in
both groups. To examine differences in the dependent
variables, both MANOVA and ANOVA tests were used.
Post hoc pair-wise comparisons were conducted where
significant differences were identified. An exploratory
analysis of the association between chronological age
and executive function skills was conducted using the
Pearson correlation.

Results
Executive functioning measures
Behaviour rating inventory of executive function
Table 2 shows mean T scores on each subscale and index
of the BRIEF-P for each group. A one-way between
groups MANOVA was performed to investigate
syndrome group differences on BRIEF-P subscales and
separately for BRIEF-P indices. There were no statistically
significant group differences on the combined BRIEF-P
subscale variables (F(5,34) = 1.21; p = .33; η2 = .15) or the
combined BRIEF-P indices variables (F(3,36) = 2.08;
p = .12; η2 = .15). When considered separately and using
a Bonferroni adjusted alpha level of .01 for BRIEF-P
subscales and .02 for BRIEF-P indices, there were no
significant group differences identified for the BRIEF-P
subscales. There was a significant between groups
difference only in relation to the Flexibility Index

Reid et al. Journal of Neurodevelopmental Disorders  (2017) 9:29 Page 5 of 12



(F(1,39) = 7.62; p = .01; η2 = .16), with the CdLS group
demonstrating significantly greater impairment in this
domain compared to the DS group.
For both groups, no subscale score met criteria for

clinical significance (scores of ≥65); however, the CdLS
group’s Shift and Working Memory subscales did
approach the cut off. The CdLS participants’ scores also
approached clinical cut off for the Flexibility and
Emergent Meta cognition indices and for the Global
Executive composite.

Working memory
Table 3 shows the results from the Digit Span, Corsi
Span, Verbal Fluency and Design Fluency tests.
Three factor mixed ANOVAs with group (DS, CdLS) as

the between subject factor and domain (verbal, spatial)
and direction of recall (forward, backward) as within fac-
tors were carried out to evaluate differences in maximum
span length and separately for number of correct trials.
Pair-wise post hoc comparisons were conducted where
main effects and interactions were significant. In relation
to maximum span length, analysis revealed a significant
main effect of domain (F(1,36) = 10.68; p = .002; η2 = .23),
with significantly longer spatial spans compared to verbal
spans in both syndrome groups (p < .001). There was also
a significant main effect of recall direction (F(1,36) =
70.19; p < .001; η2 = .66), with all participants having sig-
nificantly longer forward spans compared to backward
spans (p < .001), and a significant group by recall direction
interaction (F(1,36) = 11.59; p = .002; η2 = .24). Post hoc
analyses revealed that individuals with CdLS had signifi-
cantly shorter forward spans compared to individuals with
DS (p = .03) while no significant differences were identi-
fied on the backward span tasks. A marginally significant
recall direction by domain interaction was identified
(F(1,36) = 4.99; p = .03; η2 = .12), with spatial backward
spans significantly longer than verbal backward spans

while no significant differences between spatial and verbal
forward spans was identified. There were no other signifi-
cant main effects of interactions in relation to length of
digit span. These results suggest that for both groups
spatial digit span is better than verbal digit span and that
forward span is generally better than backward span.
However, individuals with CdLS are comparatively more
impaired than individuals with DS in relation to forward
span while both groups are similarly impaired in relation
to backward span. In both groups, scores in relation to
backward span were close to floor.
Results from the analysis conducted for number of

correct trials were the same as those revealed for span
length. There was significant main effect of recall
direction (F(1,36) = 111.41; p < .001; η2 = .76), with
significantly more correct trials for forward span relative
to backward span across all participants (p < .001). The
interactions between recall direction and group and
between recall direction and domain were significant
(F(1,36) = 11.44; p = .002; η2 = .24; F(1,36) = 7.18; p = .01;
η2 = .17).

Fluency
Scores on the phonemic fluency tasks were very low
with both groups generating only two to three words in
each category within the 60 s. These data were therefore
not included in the analysis. Verbal fluency was evalu-
ated by recording the number of words generated in
60 s. Repeated measure ANOVAs were conducted in
order to evaluate whether it was possible to collapse the
two semantic trials (animals and food) into a single
semantic category. A significant group by condition
interaction (F(1,39) = 7.54; p = .01; η2 = .16) was identi-
fied for semantic fluency, indicating that group had a
differential effect on number of words generated for
animal and food/drink trials, and trials were therefore
examined separately. T tests revealed that the CdLS
group generated fewer words on the food/drink fluency
trials than the DS group. This difference was marginally
significant (t(1,39) = −2.32; p = ..03; η2 = .12).
A mixed ANOVA with condition (structured, unstruc-

tured) as the within subjects factor and group (CdLS, DS)
as the between subjects factor was conducted to evaluate
nonverbal fluency skills. Analysis revealed no significant
main effects of condition (F(1,42) = .76; p = .39; η2 = .02)
or group (F(1,42) = 1.71; p = .20; η2 = .04) and no condition
by group interaction (F(1,42) = .28; p = .60; η2 = .01).
In relation to planning and self-monitoring on the

design fluency task, both groups showed deficits. The
CdLS group had a mean of 3.26 (SD = 5.22) designs that
were repeats of the other designs in the structured array,
and the DS group had 3.76 (SD = 5.05), over half of the
number of correct designs. The same was true for the ran-
dom array; CdLS (M = 3.44, SD = 4.05) and DS (M = 4.52,

Table 2 Descriptives of the subscales and indices of the BRIEF-P

BRIEF-P Index CdLS (n = 22) DS (n = 18)

Subscales

Inhibition Mean (SD) 56.00 (10.51) 51.58 (8.57)

Shift 64.77 (10.75) 56.95 (10.67)

Emotional Control 58.27 (11.12) 50.26 (11.19)

Working Memory 64.27 (13.37) 58.78 (11.99)

Plan/Organise 57.09 (10.28) 53.37 (10.98)

Indices

Inhibitory self control Mean (SD) 57.68 (11.18) 51.11 (8.14)

Flexibility 63.14 (10.27) 54.16 (10.52)

Emergent Meta cognition 62.23 (12.38) 57.28 (11.70)

Global Executive composite 62.68 (11.16) 55.83 (9.37)

Scores of ≥65 suggests impairments are of clinical significance
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SD = 5.06). This suggests both individuals with CdLS and
DS have difficulty planning and monitoring their goals.

Dimensional change card sort
The results of the DCCS are shown in Fig. 1. A mixed
ANOVA with sort parameter (colour, shape, border) as
the within group factor and syndrome group as the
between group factor revealed a significant group by
parameter interaction (F(2,40) = 8.06; p = .001; η2 = .29)
and significant main effects of group (F(1,41) = 13.21;
p = .001; η2 = .24) and parameter (F(2,40) = 26.61; p < .001;
η2 = .57). Post hoc pair-wise comparisons showed that
both the CdLS and DS groups were able to correctly sort
the six cards according to colour in the first part of the
task (CdLS M = 5.86, SD = .47; DS M = 6.00, SD = .00;
p = .19). When the rule was changed to sort for shape, the
participants with CdLS sorted significantly fewer cards
according to this rule (M = 3.52, SD = 2.63; p = .01),
compared to the DS group (M = 5.43, SD = 1.81), continu-
ing to sort by colour for some of the cards. The final part
of the task required participants to sort by colour if the
picture was surrounded by a border, and shape if there
was no border. Only participants who had correctly sorted
two out of the six cards in the previous element of the task
(shape) participated in this final element (n = 19 for
DS; n = 13 for CdLS). Again, the DS group (M = 8.38,

SD = 3.46) performed significantly better than the CdLS
group (M = 4.05, SD = 3.70; p < .001), suggesting that
individuals with CdLS may have difficulty in flexibility
and inhibition.
Closer analysis of the data revealed a significant

between groups difference on the border element of the
task with regard to the nature of the errors being made.
The CdLS group were mainly making the error of

Table 3 Results of the Digit Span, Corsi Span and Fluency subtests

CdLS (n = 24) DS (n = 21)

Digit Span test

Forward Number correct Mean (SD) 5.56 (2.81) 6.67 (2.20)

Maximum length 3.11 (1.02) 3.67 (0.80)

Number of individuals scoring ≤2 5 0

Backward Number correct 2.47 (1.91) 2.52 (2.16)

Maximum length 1.94 (1.25) 1.62 (1.36)

Number of individuals scoring ≤2 11 17

Corsi Span test

Forward Number correct Mean (SD) 4.52 (3.27) 7.05 (3.29)

Maximum length 2.90 (1.51) 4.00 (1.26)

Number of individuals scoring ≤2 8 3

Backward Number correct 3.53 (3.20) 3.16 (2.04)

Maximum length 2.33 (1.85) 2.29 (1.35)

Number of individuals scoring ≤2 12 13

Verbal Fluency

Animals Number generated Mean (SD) 7.35 (6.03) 8.14 (4.67)

Food & Drink Number generated 6.85 (6.00) 10.86 (5.02)

Design Fluency

Structured Array Correct Mean (SD) 4.70 (3.18) 6.10 (3.03)

Random Array Correct 5.09 (3.50) 6.19 (3.48)

Fig. 1 Number of cards correctly sorted for the colour, shape and
border elements of the DCCS task. Total number of cards in each
element (colour, shape and border) was 6, 6 and 12 respectively.
Only individuals who successfully switched from the colour to the
shape rule progressed to the border version (CdLS n = 13, DS n = 19)
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continuing to sort shape cards by colour (M = 2.46,
SD = 1.51; F(1, 30) = 7.64, p= .01, η2= .20), the original rule,
providing evidence of perseveration in the CdLS group.

Association between age and executive functioning
Correlations between chronological age (CA) and
measures of executive functioning were examined as
part of an exploratory analysis to evaluate risk for
changes in executive function with age. For the CdLS
group, CA was negatively correlated with maximum
span on the Digit Span Backwards task (r (17) = −.50,
p = .04). This suggests that older participants with CdLS
may have poorer verbal working memory than younger
participants with CdLS.
Interestingly, the DS group showed a significant posi-

tive correlation between CA and the number of correct
items on the border element of the DCCS (r (21) = 51,
p = .02) and a significant negative correlation between CA
and the number of items on the task that were incorrectly
sorted i.e. according to the original rule (r (19) = −.59,
p < .01). This suggests that as people with DS get
older their rule switching abilities improve. No other
correlations were significant.

Discussion
This study details the results of the first evaluation of
the executive functioning profile in more able adoles-
cents and adults with CdLS. Participants with CdLS
were compared to participants with DS, using several
measures of executive functioning. Initial comparisons
indicated that the two participant groups did not differ
with regard to gender, chronological age, adaptive behaviour
and receptive language age equivalence scores.
Carer-rated BRIEF-P T scores revealed that partici-

pants with CdLS demonstrated a similar profile of
executive functioning to the DS group but with signifi-
cantly greater impairments in flexibility. This suggests
that individuals with CdLS are broadly compromised in
executive functioning skills, to a similar degree as has
been previously demonstrated in those with DS [78]. On
some subscales, scores in the CdLS group approached
clinical significance (e.g. Shift and Working Memory).
As raw scores were normed on a group of typically
developing children who were younger than reported
age equivalence scores of some of the CdLS and DS
participants, the magnitude of executive functioning
deficits may have been weakened. This could explain
why clinical significance was not reached. Currently,
there is no informant report assessment of executive
functioning which considers both a person’s chrono-
logical age and their developmental age, which is
something future studies should address. The fact that
individuals with CdLS are significantly more impaired
than the matched DS sample in the Flexibility Index is

indicative of a specific syndrome group difference. Direct
assessment, using the DCCS, confirmed that participants
with CdLS demonstrated significantly greater difficulty
in flexible thinking compared to the DS group, continu-
ing to sort cards by the first rule of the task, rather than
shifting to the new rules as the assessment progressed.
Given that there were no significant group differences in
phonological or spatial working memory (as measured
by the backwards Digit Span and Corsi Span tests, re-
spectively), the difficulties in rule shifting evident in the
CdLS group are unlikely to be related to learning and
retaining the rule of the task but in perseveration and in-
flexibility. Equally, it is unlikely that these differences are
attributable to degree of disability, as both groups were
well matched on receptive language, adaptive behaviour
skills and developmental quotient. In relation to working
memory skills, both groups were limited in their span
capacity expected given their chronological age (both
having spans of three). In typically developing popula-
tions, working memory capacity typically increase from
a span of three at 4 to 5 years of age to a span of seven
to eight at 16 years [79]. Impairments in capacity of the
phonological loop impact on speech and language devel-
opment [80], which is consistent with the developmental
profile of these two syndrome groups. Further analyses
suggested that both groups were more impaired on ver-
bal working memory relative to spatial working memory;
however, without a typically developing sample, it is dif-
ficult to determine whether this is evidence of atypical
working memory abilities in these syndromes. Individ-
uals with CdLS were significantly more impaired than
individuals with DS on the forward span tasks (across
both domains) while both groups were similarly im-
paired (and in fact scoring almost at floor level) on the
backward span tasks. For the DS group, the increase in
the number of individuals scoring at floor from the for-
wards to the backwards span tasks further demonstrates
difficulties in working memory across both domains. A
similar effect was observed in the CdLS group; however,
there were notably more individuals scoring at floor level
on the forward span tasks than the DS group. This may
suggest individuals had difficulties understanding task
demands; however, the decrease in scores when switch-
ing from the forwards to the backwards tasks is consist-
ent with the increase in difficulty which suggests the low
scores are an accurate reflection of the individuals’ diffi-
culties in task performance. Verbal fluency was margin-
ally poorer in the CdLS group compared to the DS
group, while both groups had difficulty with the more
complex fluency tasks which required a greater capacity
for organising concepts in a novel way [34]. The
differences in verbal fluency are particularly interesting
given that there were no significant group differences on
the receptive language skills that might confound
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performance on such tasks. Results from the design
fluency task revealed little difference between the two
groups. Both groups appeared to show difficulties in
monitoring their drawings, with many repeated designs
being drawn. This suggests that difficulties in planning
and monitoring are characteristic of both syndrome
groups and this might be accounted for by global cogni-
tive impairments rather than a syndrome-related execu-
tive function deficit. However, further investigation with
a matched typically developing contrast group would be
needed to fully determine the nature of this deficit in
both groups.
Overall, there is large overlap in the executive func-

tioning profiles of individuals with CdLS and DS. How-
ever, there are also marked group differences on very
specific domains of executive functioning which may
represent syndrome specific deficits in CdLS. The profile
of differences in executive functioning in individuals
with CdLS is consistent with higher prevalence of repeti-
tive behaviours, specifically tidying up and lining up
behaviours in individuals with CdLS and the strong insist-
ence on routine and need for sameness described by Moss
et al. [15]. According to Turner [81], these behaviours
may all be explained by deficits in executive functioning
skills. This theory is supported by findings that deficits in
executive function are observed in a range of other neuro-
developmental disorders with increased repetitive behav-
iour including autism spectrum disorder, Prader-Willi
syndrome and Fragile X syndrome [32, 37, 82].
Some of the CdLS participants failed to engage in all

of the tasks. Those who did not complete the tasks were
not significantly different to those that did, with regards
to the characteristics described in Table 1 (p > .05 for all
variables). Since there were no overall group differences
in verbal working memory, it is unlikely that failure to
complete tasks was due to weaknesses in recalling in-
structions. It is tentatively suggested that problems with
task initiation may account for the failure of some par-
ticipants to engage in the tasks. This is supported by the
authors’ clinical observations and by anecdotal research
observations describing difficulties in task initiation [83].
It needs to be determined whether this is due to social/
performance anxiety that is also characteristics of this
group [84] or whether this is determined by the specific
executive functioning difficulties that appear to be
characteristics of this group. However, it is not clear why
these difficulties in task engagement were not consistent
across all executive functioning tasks.
A significant correlation between age and backwards

digit span suggests that older individuals with CdLS have
poorer verbal working memory compared to younger
individuals with CdLS; although, caution should be taken
when interpreting this finding given the exploratory
nature of the analysis. This pattern of results is consistent

with previous research which has also highlighted changes
in mood, behaviour and cognition with age [26, 83, 85]
and reported physical signs of premature ageing [28]. The
compromised function of the cohesin pathway (resultant
from the genetic mutations which cause CdLS) has been
implicated in these behavioural and cognitive changes in
CdLS, due to the role of this pathway in neural mainten-
ance and repair [28]. Recent evidence also indicates
downregulation of proteins involved in the response to
oxidative stress and an increase in global oxidative stress
in CdLS cell lines which may be directly linked to the
phenotypic changes in the syndrome [86]. A larger sample
with a wider age range and prospective longitudinal
follow-up is needed to examine the association be-
tween age and executive functioning in more depth
as it may be that individuals in the sample were
already experiencing some age-related changes so cor-
relations may have been weaker as a result. It is of
course also worth considering ascertainment effects in
relation to age-related findings. Greater understanding
about the condition and better diagnostic testing may
lead to earlier diagnosis, and identification of milder
forms of CdLS than was previously the case, so it
may be argued that any differences related to age
could be attributed to the older groups having more
severe difficulties. More research with larger samples
is clearly indicated.
The findings should be considered within the context

of some methodological shortcomings. Primarily, the use
of a group of participants with DS warrants comment.
One difficulty with using this group is their increased
risk of Alzheimer-related dementia. Alzheimer-related
dementia in DS has a prevalence of 0–2% in individuals
under 40 years old and more than 40% in those over
60 years [58]. The later stages of dementia in DS are well
documented in the literature while research into the
earlier and likely more subtle cognitive and behavioural
changes that may occur in the initial stages of dementia
in DS has only started to emerge in recent years (see
[38]). Although the DS sample in the current study were
all under the age of 40, thus mitigating the likelihood of
dementia, it remains a possibility that some of these in-
dividuals may have been affected by the early stages of
dementia which could impact on their performance. In-
dependently of the association with Alzheimer-related
dementia, research studies suggest that both children
and adults demonstrate broad impairments in executive
functioning skills [60–63, 87]. Therefore, where no sig-
nificant group differences were identified in the current
study, we can determine that individuals with CdLS
demonstrate a similar degree of impairment in these
skills relative to those with DS; however, we cannot
determine fully the extent of this impairment and how it
is related to the presence of an intellectual disability.
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Future research should include a typically developing
contrast group that would enable the degree of impair-
ment in CdLS to be determined more precisely.
However, with both of these limitations in mind, it is
poignant that the CdLS group performed significantly
worse than the DS group on specific aspects of executive
function and noteworthy that the two groups demon-
strated equal abilities in these areas.
The sample size of each group was relatively small

which may have comprised statistical power. Also, whilst
a variety of tests were used to examine different aspects
of executive functioning, there are some elements of ex-
ecutive functioning that have not been addressed in the
current study and as such will need to be looked at in
future research to complete the picture of executive
functioning in these groups. There was also no measure
of motor abilities in the current study. This would be a
useful measure to use in future research so as to rule
out difficulties in motor skills as explaining difficulties
with tasks requiring the participants to draw or write,
for example Design Fluency.

Conclusions
This study has addressed questions about the domain
asynchrony and syndrome-related executive functioning
in CdLS and DS. Three dimensions of executive func-
tioning, flexibility/task-switching, inhibition and fluency,
were found to be significantly impaired in individuals
with CdLS relative to a matched DS contrast group,
indicating that these are potential areas of syndrome-
related deficit. With regard to domain asynchrony, it is
not yet clear how the impairments in elements of execu-
tive functioning in CdLS combine to affect day-to-day
behaviours. Current evidence points to these deficits as
a contributing to repetitive behaviours evidenced within
the syndrome. However, this warrants further investiga-
tion. The study also highlighted that deficits in executive
function abilities may become more prominent with
chronological age, providing support for previous studies
describing behaviour, cognitive and physical change in
this group. More research with larger sample sizes is
clearly indicated to examine this further, and to rule out
potential ascertainment effects.
From a pedagogical perspective, this research can begin

to inform the design of more effective education and re-
habilitation strategies that are tailored to the syndrome
[59]. For example, there may be strategies to help develop
executive functioning in different areas or to help com-
pensate for deficits, so optimising a person’s potential.

Acknowledgements
We are extremely grateful to all of the participants and their families who
gave their time to take part in this research study. Thanks to Leah Bull and
Sarah Gorniak for their help with the data collection.

Funding
The study was funded by the Cornelia de Lange syndrome Foundation UK and
Ireland (LC & LG), by Cerebra (JM & CO) and by the University of Birmingham (DR).

Availability of data and materials
The data that support the findings of this study are not available due to them
containing information that could compromise research participant consent.

Authors’ contributions
DR carried out the study as part of her doctoral research thesis. She was involved
in all aspects of the study from conception and design, analysis and
interpretation, and drafting the manuscript. JM was involved in the initial design
of the study, analysis and interpretation and critical revisions of the manuscript. LG
contributed significantly to critical revisions of the manuscript including re-
analysis, interpretation of results and revising text accordingly. LC contributed sig-
nificantly to the conception and design of the study and the acquisition of data.
CO was involved in all aspects of the study from conception and design, analysis
and interpretation, drafting the manuscript and supervision of DR and LC’s re-
search. The authors are all part of the Cerebra Centre of Neurodevelopmental Dis-
orders, located in the School of Psychology at the University of Birmingham. The
work of the centre focuses on the problems experienced by children and adults
who have intellectual disability, autism spectrum disorders and genetic syndromes
that are associated with developmental delay. At the centre, clinical and academic
psychologists, undergraduate and postgraduate students and volunteers conduct
high quality research into emotional, cognitive and behavioural difference and dis-
order in children and adults with neurodevelopmental disorders. All authors read
and approved the final manuscript.

Competing interests
To the best of my knowledge, I and my co-authors have provided full disclosure
of any and all biomedical financial interests. Explicitly, we have none to disclose.
This disclosure includes direct or indirect financial or personal relationships,
interests and affiliations relevant to this subject matter of the manuscript that
have occurred over the last 2 years, or that are expected in the foreseeable
future. This disclosure includes but is not limited to grants or funding,
employment, affiliations, patents (in preparation, filled or granted), inventions,
honoraria, consultancies, royalties, stock options, ownership, or expert
testimony. I additionally certify, as corresponding author, that (1) all individuals
who meet the criteria for authorship are included as authors, (2) the version
submitted is the version all authors have approved, and (3) written permission
has been received by all individuals named in the acknowledgements section.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Ethical approval for this study was granted by the University of Birmingham’s
ethics committee.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 22 June 2015 Accepted: 13 June 2017

References
1. Deardorff MA, Kaur M, Yaeger D, Rampuria A, Korolev S, Pie J, et al.

Mutations in cohesin complex members SMC3 and SMC1A cause a mild
variant of Cornelia de Lange syndrome with predominant mental
retardation. Am J Hum Genet. 2007;80:485–94.

2. Deardorff MA, Wilde JJ, Albrecht M, Dickinson E, Tennstedt S, Braunholz D,
et al. RAD21 mutations cause a human cohesinopathy. Am J Hum Genet.
2012;90(6):1014–27.

3. Gillis LA, McCallum J, Kaur M, Descipio C, Yaeger D, Mariani A, et al.
NIPBL mutational analysis in 120 individuals with Cornelia de Lange
syndrome and evaluation of genotype-phenotype correlations.
Am J Hum Genet. 2004;75:610–23.

4. Musio A, Selicorni A, Focarelli ML, Gervasini C, Milani D, Russo S, et al.
X-linked Cornelia de Lange syndrome owing to SMC1L1 mutations.
Nat Genet. 2006;38:528–30.

Reid et al. Journal of Neurodevelopmental Disorders  (2017) 9:29 Page 10 of 12



5. Tonkin ET, Wang TJ, Lisgo S, Bamshad MJ, Strachan T. NIPBL, encoding a
homolog of fungal Scc2-type sister chromatid cohesion proteins and fly
Nipped-B, is mutated in Cornelia de Lange syndrome. Nat Genet. 2004;38:636–41.

6. Liu J, Krantz ID. Cornelia de Lange syndrome, cohesion, and beyond.
Clin Genet. 2009;76:303–14.

7. Descipio C, Schneider L, Young TL, Wasserman N, Yaeger D, Lu F, et al.
Subtelomeric deletions of chromosome 6p: molecular and cytogenetic
characterization of three new cases with phenotypic overlap with
Ritscher-Schinzel (3C) syndrome. Am J Med Genet. 2005;134(1):3–11.

8. Hall SS, Arron K, Sloneem J, Oliver C. Health and sleep problems in
Cornelia de Lange syndrome: a case control study. J Intellect Disabil Res.
2008;52(5):458–68.

9. Jackson L, Kline AD, Barr M, Koch S. Cornelia de Lange syndrome: a clinical
review of 310 individuals. Am J Med Genet. 1993;47:940–6.

10. Luzzani S, Macchini F, Valade A, Milani D, Selicorni A. Gastroesophageal
reflux and Cornelia de Lange syndrome. Am J Med Genet. 2003;119:283–7.

11. Goodban MT. Survey of speech and language skills with prognostic
indicators in 116 patients with Cornelia de Lange syndrome. Am J Med
Genet. 1993;47:1059–63.

12. Sarimski K. Communication, social-emotional development and parenting
stress in Cornelia-de-Lange syndrome. J Intellect Disabil Res. 1997;41:70–5.

13. Berney TP, Ireland M, Burn J. Behavioural phenotype of Cornelia de Lange
syndrome. Arch Dis Child. 1999;81:333–6.

14. Oliver C, Arron K, Sloneem J, Hall S. Behavioural phenotype of Cornelia de
Lange syndrome: case-control study. Br J Psychiatry. 2008;193:466–70.

15. Moss J, Oliver C, Arron K, Burbidge C, Berg K. The prevalence and
phenomenology of repetitive behavior in genetic syndromes. J Autism Dev
Disord. 2009;39(4):572–88.

16. Moss J, Oliver C, Howlin P, Magiati I. Characteristics of autism spectrum
disorder in Cornelia de Lange syndrome. J Child Psychol Psychiatry.
2012;53(8):883–91.

17. Basile E, Villa L, Selicorni A, Molteni M. The behavioural phenotype of
Cornelia de Lange syndrome: a study of 56 individuals. J Intellect Disabil
Res. 2007;51:671–81.

18. Bhuiyan ZA, Klein M, Hammond P, van Haeringen A, Mannens MAM,
Van Berckelaer-Onnes I, Hennekam RCM. Genotype-phenotype correlations
of 39 patients with Cornelia de Lange syndrome: the Dutch experience.
J Med Genet. 2006;46:568–75.

19. Moss JF, Oliver C, Berg K, Kaur G, Jephcott L, Cornish K. Prevalence of
autism spectrum phenomenology in Cornelia de Lange and Cri du chat
syndromes. Am J Ment Retard. 2008;113(4):278–91.

20. Nakanishi M, Deardorff MA, Clark D, Levy SE, Krantz I, Pipan M. Investigation
of autistic features among individuals with mild to moderate Cornelia de
Lange syndrome. Am J Clin Genet. 2012;158(8):1841–7.

21. Moss J, Oliver C, Richards C, Nelson L, Hall SS. Delineating the profile of
autism spectrum disorder characteristics in Cornelia de Lange and fragile X
syndromes. Am J Intellect Dev Disabil. 2013;118:55–73.

22. Collis LK, Oliver C, Moss J. Poster 4: Low mood and social anxiety in
Cornelia de Lange syndrome. J Intellect Disabil Res. 2006;50:792.

23. Arron K, Oliver C, Hall S, Sloneem J, et al. Effects of social context on social
interaction and self-injurious behavior in Cornelia de Lange syndrome.
Am J Ment Retard. 2006;111(3):184–92.

24. Richards C, Moss J, O’Farrell L, Kaur G, Oliver C. Social anxiety in Cornelia de
Lange syndrome. J Autism Dev Disord. 2009;39(8):1155–62.

25. Oliver C, Berg K, Moss J, Arron K, Burbidge C. Delineation of behavioral
phenotypes in genetic syndromes: characteristics of autism spectrum
disorder, affect and hyperactivity. J Autism Dev Disord. 2011;41(8):1019–32.

26. Moss J, Magiati I, Howlin P, Oliver C. Characteristics of autism spectrum
disorder in Cornelia de Lange syndrome. J Child Psychol Psych. 2012;53:
883–91.

27. Kline AD, Grados M, Sponseller P, Levy HP, Blagowidow N, Schoedel C, et al.
Natural history of aging in Cornelia de Lange syndrome. Am J Med Genet C.
2007;145C:248–60.

28. Kline AD, Krantz ID, Sommer A, Kliewer M, Jackson LG, Fitzpatrick DR, et al.
Cornelia de Lange syndrome: clinical review, diagnostic and scoring
systems, and anticipatory guidance. Am J Med Genet A. 2007;143A:1287–96.

29. Blagowidow N, Kline AD, Audette L. Puberty and adolescence in Cornelia
de Lange syndrome. Proc Greenwood Genet Ctr. 2005;24:175–6.

30. Nelson, L, Moss, J and Oliver, C (In press): A longitudinal study of affect in
children and adults with Cornelia de Lange syndrome. Am J Intellect
Dev Disabil.

31. Hill EL. Evaluating the theory of executive dysfunction in autism. Dev Rev.
2004;24:189–233.

32. Lopez BR, Lincoln AJ, Ozonoff S, Lai Z. Examining the relationship between
executive functions and restricted, repetitive symptoms of autistic disorder.
J Autism Dev Disord. 2005;35(4):445–60.

33. Grant C, Apperly I, Oliver C. Is theory of mind understanding impaired in
males with fragile X syndrome? J Abnorm Child Psychol. 2007;35:17–28.

34. Rowe J, Lavender A, Turk V. Cognitive executive function in down’s
syndrome. Br J Clin Psychol. 2006;45(1):5–17.

35. Wilding J, Cornish K, Munir F. Further delineation of the executive deficit in
males with fragile-X syndrome. Neuropsychologia. 2002;40(8):1343–9.

36. Jarrold C, Baddeley AD, Philips C. Down syndrome and the phonological
loop: evidence for, and importance of, a specific verbal short term memory
deficit. Down Syndr Res Pract. 1999;6(2):61–75.

37. Woodcock KA, Oliver C, Humphreys GW. Hypothesis: a specific pathway can
be identified between genetic characteristics and behaviour profiles in
Prader-Willi syndrome via cognitive, environmental and physiological
mechanisms. J Intellect Disabil Res. 2009;53:493–500.

38. Adams D, Oliver C. The relationship between acquired impairments of
executive function and behaviour change in adults with Down syndrome.
J Intellect Disabil Res. 2010;54(5):393–405.

39. Anderson VA, Jacobs R, Anderson PJ. Executive functions and the frontal
lobes. London: Psychology Press; 2008.

40. Woodcock KA, Humphreys GW, Oliver C, Hansen PC. Neural correlates of
task switching in paternal 15q11-q13 deletion Prader-Willi syndrome.
Brain Res. 2010;1363:128–42.

41. Cornish KM, Munir F, Cross G. Differential impact of the FMR-1 full mutation
on memory and attention functioning: a neuropsychological perspective.
J Cogn Neurosci. 2001;13:144–51.

42. Holsen LM, Dalton KM, Johnstone T, Davidson RJ. Prefrontal social cognition
network dysfunction underlying face encoding and anxiety in fragile X
syndrome. Neuroimage. 2008;43:592–604.

43. Vuilleumier N, Kövari E, Michon A, Hof PR, Mentenopoulos G, Giannakopoulos P,
et al. Neuropathological analysis of an adult case of the Cornelia de Lange
syndrome. Acta Neuropathol. 2002;104(3):327–32.

44. Oliver C, Adams D, Allen D, Bull L, Heald M, Moss J, et al. Causal models
of clinically significant behaviors in Angelman, Cornelia de Lange,
Prader-Willi and Smith-Magenis syndromes. Int Rev Res Dev Disabilities.
2013;44:167–212.

45. Gimigliano A, Mannini L, Bianchi L, Puglia M, Deardorff MA, Menga S, et al.
Proteomic profile identifies dysregulated pathways in Cornelia de Lange
syndrome cells with distinct mutations in SMC1A and SMC3 genes.
J Proteome Res. 2012;11(12):6111–23.

46. Markesbery WR. Oxidative stress in Alzheimers disease. Free Radic Biol Med.
1997;23(1):134–47.

47. Christen Y. Oxidative stress and Alzheimers disease. Am J Clin Nutr.
2012;96(6):621–9.

48. Joseph RM, Mcgrath LM, Tager-Flusberg H. Executive dysfunction and its
relation to language ability in school-age children with autism.
Dev Neuropsychol. 2005;27(3):361–78.

49. Selikowitz M. Down syndrome: the facts. 3rd ed. Oxford: Oxford University
Press; 2008.

50. Henderson A , Lynch SA, Wilkinson S, Hunter M. Adults with Down's
syndrome: the prevalence of complications and health care in the
community. Br J Gen Pract. 2007;57:50-5.

51. Fidler DJ. The emerging Down syndrome behavioural phenotype in early
childhood: implications for practice. Infants Young Child. 2005;18(2):86–103.

52. Jarrold C, Baddeley AD, Hewes AK. Genetically dissociated components of
working memory: evidence from Down’s and Williams syndrome.
Neuropsychologia. 1999;37:637–51.

53. Klein BP, Mervis CB. Contrasting patterns of cognitive abilities of 9- and
10-year-olds with Williams syndrome or Down syndrome. Dev Neuropsychol.
1999;16:177–96.

54. Rodgers C. Maternal support for the Down’s syndrome stereotype: the effect
of direct experience of the condition. J Ment Defic Res. 1987;31:217–78.

55. Wishart JG, Johnston FH. The effects of experience on attribution of a
stereotyped personality to children with Down’s syndrome. J Ment Defic Res.
1990;34:409–20.

56. Sigman M, Ruskin E. Continuity and change in the social competence of
children with autism, Down syndrome, and developmental delays.
Monogr Soc Res Child Dev. 1999;64:114.

Reid et al. Journal of Neurodevelopmental Disorders  (2017) 9:29 Page 11 of 12



57. Byrne A, Buckley S, MacDonald J, Bird G. Investigating the literacy, language,
and memory skills of children with Down syndrome. Downs Syndr Res Pract.
1995;3:53–8.

58. Hodapp RM. Development and disabilities: intellectual, sensory, and motor
impairments. Cambridge: Cambridge University Press; 1998.

59. Lott IT, Dierssen M. Cognitive deficits and associated neurological
complications in individuals with down’s syndrome. Lancet. 2010;9(6):623–33.

60. Kittler P, Krinsky-Mchale SJ, Devenny DA. Verbal intrusions precede memory
decline in adults with Down syndrome. J Intellect Disabil Res. 2006;50:1–10.

61. Costanzo F, Varuzza C, Menghini D, Addona F, Gianesini T, Vicari S.
Executive functions in intellectual disabilities: a comparison between
Williams syndrome and Down syndrome. Res Dev Disabil. 2013;34:1770–80.

62. Daunhauer LA, Fidler DJ, Hahn L, Will E, Lee NR, Hepburn S. Profiles of
everyday executive functioning in young children with Down syndrome.
Am J Intellect Dev Disabil. 2014;119:303–18.

63. Lanfranchi S, Jerman O, Dal Pont E, Alberti A, Vianello R. Executive function
in adolescents with Down syndrome. J Intellect Disabil Res. 2010;54:308–19.

64. Pritchard AE, Kalback S, McCurdy M, Capone GT. Executive functions among
youth with Down syndrome neurobehavioural disorders. J Intellect Disabil Res.
2015;59:1130–41.

65. Kushlick A, Blunden R, Cox G. A method of rating behaviour characteristics for
use in large scale surveys of mental handicap. Psychol Med. 1973;3:466–78.

66. Sparrow SS, Balla DA, Cicchetti DV. The Vineland adaptive behavior. Scales:
interview edition, survey form. (version II). UK: Pearson Assessments; 1984.

67. Dunn LM, Dunn LM, Whetton C, Burley J. The British picture vocabulary scales.
2nd ed. Windsor: NFER Nelson; 1997.

68. Gioia GA, Epsy KA, Isquith PK. Behavior rating inventory of executive function-
preschool version (BRIEF-P). Odessa: Psychological Assessment Resources; 2005.

69. Liogier D’Ardhuy X, Edgin JO, Bouis C, de Sola S, Goeldner C, Kishnani P,
et al. Assessment of cognitive scales to examine memory, executive
function and language in individuals with down syndrome: implications of
a 6-month observational study. Front Behav Neurosci. 2015;9:300.

70. Baddeley AD, Hitch GJL. Working memory. In: Bower GA, editor. The psychology
of learning and motivation: advances in research and theory, Vol. 8. New York:
Academic; 1974. p. 47–89.

71. Wechsler D. The Wechsler intelligence scale for children—third edition.
UK: Pearson Assessments; 1992.

72. Korkman M, Kirk U, Kemp S. NEPSY: a developmental neuropsychological
assessment. Saint Antonio: The Psychological Corporation; 1998.

73. Berch DB, Krikorian R, Huha EM. The corsi block-tapping task:
methodological and theoretical considerations. Brain Cogn. 1998;38:317–38.

74. Milner B. Interhemispheric differences in the localisation of psychological
processes in man. Cortex. 1971;27:272–7.

75. Rabbitt P. Methodology of frontal and executive function. London:
Psychology Press; 1997.

76. Frye D, Zelazo PD, Palfas T. Theory of mind and rule-based reasoning.
Cogn Dev. 1995;10:483–527.

77. Zelazo PD. The Dimensional Change Card Sort (DCCS): a method of
assessing executive function in children. Nat Protoc. 2006;1:297–301.

78. Logie RH. The seven ages of working memory. In: Richards J, editor. Working
memory and human cognition. New York: Oxford University Press; 1996. p. 31–65.

79. Chi M. Age differences in memory span. J Exp Child Psychol. 1977;23:226–81.
80. Buckley SJ, Bird G. Memory development for individuals with Down

syndrome—an overview. Down Syndrome Issues and Information. 2001.
[Online] Available at: https://www.down-syndrome.org/information/
memory/overview/. Accessed June 2017.

81. Turner M. Toward an executive dysfunction account of repetitive behaviour.
In: Russell J, editor. Autism as an executive disorder. Oxford: Oxford
University Press; 1997. p. 57–100.

82. Ozonoff S. Components of executive function in autism and other disorders.
In: Russell J, editor. Autism as an executive disorder. Oxford: Oxford
University Press; 1997. p. 179–211.

83. Collis LK. Upublished Thesis. Birmingham: University of Birmingham; 2010.
84. Moss J, Nelson L, Powis L, Richards C, Waite J, Oliver C. A comparative study

of sociability in Angelman, Cornelia de Lange, Fragile X and Rubinstein
Taybi syndromes and autism spectrum disorder. Am J Intellect Dev Disabil.
2016;121:6.

85. Nelson L, Moss J, Oliver C. A longitudinal study of affect in children and
adults with Cornelia de Lange syndrome. Am J Intellect Dev Disabil.
2014;119:235-52.

86. Holland AJ, Hon J, Huppert FA, Stevens F. Incidence and course of
dementia in people with down’s syndrome: findings from a population-
based study. J Intellect Disabil Res. 2000;44:138–46.

87. Lee NR, Fidler DJ, Blakeley-Smith A, Daunhauer L, Robinson C, Hepburn SL.
Caregiver report of executive functioning in a population-based sample of
young children with Down syndrome. Am J Intellect Dev Disabil.
2011;116:290–304.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Reid et al. Journal of Neurodevelopmental Disorders  (2017) 9:29 Page 12 of 12

https://www.down-syndrome.org/information/memory/overview/
https://www.down-syndrome.org/information/memory/overview/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Method
	Participants
	Measures
	Measures of executive functioning
	Global measure of executive function
	Assessments of working memory
	Assessments of fluency
	Assessments of mental flexibility and inhibition
	Procedure
	Data analysis

	Results
	Executive functioning measures
	Behaviour rating inventory of executive function
	Working memory
	Fluency
	Dimensional change card sort
	Association between age and executive functioning


	Discussion
	Conclusions
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	References

