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Abstract

Several changes in the behavioral phenotype arise with the growth of children

affected by Cornelia de Lange Syndrome (CdLS) and Rubinstein-Taybi Syndrome

(RSTS). However, previous research relied on a cross-sectional study design turning

into age-related comparisons of different syndromic cohorts to explore age-

dependent changes. We aim to outline the variating pathways of the neuropsychiatric

functioning across the lifespan in CdLS and RSTS, through the setting up of a longitu-

dinal study design. The sample included 14 patients with CdLS and 15 with RSTS. The

assessments were carried out in two different timepoints. Our findings highlight that

the cognitive profile of CdLS is subjected to a worsening trend with decreasing Intel-

lectual Quotient (IQ) scores from T0 to T1, whereas RSTS shows a stable IQ over time.

Patients affected by RSTS show greater improvements compared to CdLS in commu-

nication, daily living skills, social abilities, and motor skills across the lifespan. Both syn-

dromes report an upward trend in behavioral and emotional difficulties even if CdLS

exhibit a significant and major deterioration compared to individuals with RSTS. Being

aware of the early dysfunctional patterns which might pave the way for later neuro-

psychiatric impairments is the first step for planning preventive interventions.
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1 | INTRODUCTION

The diagnosis of a rare genetic condition demands life-long medical,

multidisciplinary as well as social care, and it requires integrated

interventions aimed at addressing different needs of the patient which

are meant to evolve alongside the developmental stages. Despite the

growing interest in the behavioral phenotype of individuals with rare

genetic syndromes, studies evaluating developmental trajectories and
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behavioral characteristics across the lifespan and their implications for

interventions are limited. Previous research (Cochran et al., 2015;

Moss et al., 2017; Stevens et al., 2011) entirely relied on a cross-

sectional study design turning into age-related comparisons of differ-

ent individuals with syndromes to explore possible significant age-

dependent changes in cognitive, behavioral, and mood aspects. How-

ever, to our knowledge, few studies (Cochran et al., 2015, 2019) have

set up longitudinal assessments for the investigation of the changing

pathways of the behavioral phenotypes, considering the whole devel-

opmental profile (Cochran et al., 2015; Fisher et al., 2016; Moss

et al., 2017). It is methodologically relevant to follow the same cohort

of patients because the lower skills observed in older individuals in

cross-sectional studies might be better explained by cohort effects or

recruitment biases rather than by a real decrease in skills expected

with aging.

Therefore, we aim at overcoming previous methodological limita-

tions laying out a longitudinal assessment of the behavioral phenotype

in two rare genetic syndromes, namely Rubinstein-Taybi Syndrome

(RSTS) and Cornelia de Lange Syndrome (CdLS), which share some

overlapping symptoms, such as intellectual disability, communication

impairments, and stereotypic behaviors, to provide indications for

their best tailored management. The presence of these overlapping

features allows us to compare the behavioral phenotype of the two

syndromes and to detect any potential differences which might be

related to the genotype, excluding the possible effect of other con-

founding variables.

Rubinstein-Taybi syndrome (RSTS) is a rare (1:125,000), plurimal-

formative disorder characterized by intellectual disability (ID), facial

dysmorphic features, skeletal abnormalities, and epilepsy (Ajmone

et al., 2018; Hennekam et al., 1992; Stevens et al., 1990). Pathogenic

variants in the closely related CREBBP gene, located on chromosomal

region 16p13.3, is responsible for up to 55% of cases, while the

EP300 gene on 22q13, for 8% of patients carrying the following syn-

drome (Fergelot et al., 2016; Negri et al., 2016; Spena et al., 2015). ID

ranges from mild to profound (IQ range: 25–79; Van Gils et al., 2021),

with a major incidence of moderate intellectual disabilities and few

cases with typical intellectual functioning (IQ range: 36–102; Ajmone

et al., 2018; Hennekam et al., 1992; Kumar et al., 2012). There is also

evidence of a high proneness toward the onset of either internalizing

or externalizing symptoms (Galera et al., 2009). The behavioral pheno-

type in early adulthood is characterized by mood disorders, repetitive

and self-injurious behaviors, obsessive compulsive disorders, anxiety

disorders, ADHD symptoms, language impairments, and an upward

trend of autism-related traits (Crawford et al., 2017; Galéra

et al., 2009; Stevens et al., 2011; Waite et al., 2015). However, few

studies have described the development of these individuals' abilities

across the lifespan with longitudinal follow-up assessments.

Previous cross-sectional studies comparing different age cohorts

outlined that the behavioral phenotype of individuals affected by

RSTS is characterized by anxiety symptoms, mood instabilities, and

aggressive behaviors during adolescence (Yagihashi et al., 2012). It is

possible to infer from studies conducted on adults that challenging

behavioral problems represent a phenotypic hallmark of this specific

phase of the lifespan (Galéra et al., 2009; Stevens et al., 1990, 2011;

Yagihashi et al., 2012). In line with these premises, the study by Ste-

vens et al. (2011) highlighted that those externalizing symptoms are

expected to worsen with age and, in particular, Hennekam (2006,

2010) reported that short attention span, stubbornness, lack of persis-

tence, impulsivity, and autism-related traits became increasingly

apparent during early adulthood in RSTS, leading to hyperactive

behaviors and occasional aggressiveness.

However, contrasting results emerged from the study by Giani

et al. (2022) that highlighted similar changing pathways of psychopa-

thology with the same proneness toward enhancement of anxiety

problems in adolescents with CdLS and RSTS. Notably, anxiety was

identified as a crucial phenotypic hallmark, independent of IQ but

associated with autistic traits, that is expected to increase from

infancy to adolescence in both neurogenetic conditions (Giani

et al., 2022).

Behavioral characteristics of RSTS include insistence on same-

ness, adherence to routine, repetitive questions, and motor stereo-

types (Waite et al., 2015) that might be explained by executive

function deficits in set-shifting and working memory (Waite

et al., 2016), whereas socio-communicative abilities appear to be less

impaired compared to autistic children and CdLS (Ellis et al., 2021;

Galéra et al., 2009). Specifically, the phenotypic profile illustrated by

Ellis et al. (2021) shows a minor delay in early socio-cognitive skills in

school-aged children with RSTS compared to those with CdLS which

denotes higher abilities in understanding basic goal-directed actions

than in performing tasks requiring joint attention skills.

Cornelia de Lange syndrome (CdLS) is a rare genetic disorder

caused by pathogenic variants in genes involved in the cohesin com-

plex (NIPBL, SMC1A, SMC3, RAD21, HDAC8, ANKRD11, BRD4) that

result in peculiar facial dysmorphisms, limb malformations, postnatal

growth retardation, intellectual disability and autism-related traits. It

has an estimated prevalence rate ranging from 1 out of 10,000 to

1 out of 30,000 newborns (Kline et al., 2007). Classic (or typical) CdLS

phenotypes are easily recognizable, but their clinical expression is

widely variable. The recent International Consensus Statement has

defined the whole CdLS phenotype as a spectrum and conceived a

diagnostic score based on a combination of cardinal and suggestive

features to clarify the definition of classic and non-classic CdLS (Kline

et al., 2018).

There is mounting evidence that Intellectual Disability (ID), rang-

ing from mild to profound, represents a cognitive hallmark of this syn-

drome even though a handful of CdLS cases performed within the

normal IQ range (Ajmone et al., 2014). Adaptive behavior is impaired

and communication abilities vary widely but, typically, both receptive

and expressive language skills are highly compromised, with greater

difficulties in expressive language abilities than in receptive ones

(Ajmone et al., 2014; Goodban, 1993; Sarimski, 1997), concerning

mostly verbal comprehension and explanation of concepts (Mulder

et al., 2019).

A growing body of literature highlighted that CdLS behavioral

phenotypes are not stable over individual developmental trajectories.

CdLS patients are likely to show increased severity in social
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impairments over time, especially social anxiety, social withdrawal,

low mood, interest and pleasure, insistence on sameness, challenging

behaviors, sleep disorders, and more severe autism spectrum disorder

(ASD) symptomatology from 15 years old onward, but receptive lan-

guage skills improve and adaptive behaviors experience broad stability

reaching a plateau phase in adolescence and early adulthood (Ajmone

et al., 2021; Basile et al., 2007; Cochran et al., 2019; Giani

et al., 2021; Grados et al., 2017; Moss et al., 2017; Nelson

et al., 2017; Srivastava et al., 2014). In addition, Groves et al. (2019)

found that individuals with CdLS appear at risk for experiencing lower

mood related to a decrease of interest and pleasure compared to

Fragile X syndrome over the lifespan.

However, controversial results exist with regard to the evolution

of adaptive skills in this target population. If, on one hand, no changes

have been reported in adaptation to daily challenges at 2-year follow-

up (Nelson et al., 2014), on the other hand, a downward trend of

adaptive skills has emerged at 2.5-year follow-up (Cochran

et al., 2015).

These findings underline the need for additional longitudinal

research on the clinical modification of the behavioral phenotype in

CdLS, and new ones involving individuals with RSTS.

In light of these theoretical premises, our crucial aim is to under-

stand the natural history of these neurogenetic conditions, their clini-

cal developmental evolution, and behavioral features to guide

appropriate targeted clinical interventions and management for

patients and their families. We decided to compare CdLS with RSTS

as, being similar according to the ID level, it allows us to deal with the

ubiquitous control group problem in behavioral phenotype research.

Based on findings of pioneristics cross-sectional studies, we

hypothesize that CdLS individuals are more likely to exhibit a worse

behavioral phenotype, mainly characterized by internalizing

symptoms, than RSTS individuals who are expected to be more prone

to develop externalizing symptoms as soon as they grow

up. Furthermore, we envisage an enhancement of autism-related

traits in both syndromes.

2 | METHODS

2.1 | Editorial policies and ethical considerations

Written Informed Consent was obtained from parents/legal tutors,

following a full explanation of the procedures undertaken. This study

was performed in accordance with the Declaration of Helsinki (1964)

and was approved on May 6, 2021 by the local Ethics Committee of

the Fondazione IRCCS (anonymized for blind revision) (ID: 130231,

parere: 745_2021).

2.2 | Participants

The sample was composed of 29 patients affected by CdLS and RSTS

(as described in Table 1) who were recruited through referral to our

outpatient clinic for first neuropsychiatric and/or follow-up assess-

ments, as well as through the (anonymized for blind peer review) CdLS

Association and the (anonymized for blind peer review) RSTS Associa-

tion. All patients have received a clinical and molecular diagnosis of

RSTS or CdLS. Their final inclusion in the study relied on the attain-

ment of written informed consent, following a full explanation of the

procedures undertaken. All patients were Caucasian from different

Italian regions. All individuals affected by CdLS carried NIPBL patho-

genic variants whereas all individuals affected by RSTS carried CREBP

pathogenic variants. The absence of a spectrum of pathogenic variants

in both syndromes was not intentionally determined by the applica-

tion of specific inclusion criteria. The small sample size did not allow

to catch the whole spectrum of pathogenic variants involved in the

etiopathogenesis, including the rarest ones (Figure 1).

No dropouts were detected in the longitudinal assessment as

100% (14 CdLS and 15 RSTS) of participants enrolled in the study at

T0 responded to the follow-up call at T1.

TABLE 1 Sample characteristics

Syndrome/age (years) Gender T0 T1

CdLS (n = 14) 8 males, 6 females 4.14 ± 2.60 7.79 ± 3.56

RSTS (n = 15) 8 males, 7 females 6.00 ± 4.23 9.40 ± 4.69

Abbreviations: CdLS, Cornelia de Lange syndrome; RSTS, Rubinstein-Taybi

syndrome.

F IGURE 1 Sample characteristics
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All patients were assessed at the Child and Adolescent Neuropsy-

chiatric Service, Fondazione IRCCS (anonymized for blind revision).

The assessment protocol was administered to all subjects during out-

patient visits or during a brief hospitalization.

2.3 | Measures

2.3.1 | Cognitive and developmental assessment

A cognitive assessment was carried out administering Leiter Interna-

tional Performance Scales Revised (Leiter-R) to children affected by

CdLS and RSTS aged over 2 years, whereas a developmental assess-

ment was performed administering Griffith Mental Developmental

Scales to children aged under 8 years whose behavioral impairment

was so severe as to not allow a cognitive assessment with Leiter-R.

The Griffiths Mental Developmental Scales (Griffiths, 1986) pro-

vides a General Quotient of Development (GQ) for children aged

between 0 and 8 years. The GQ is composed of six sub-quotients,

one for each area investigated (locomotor, personal-social, language,

eye and hand coordination, performance, and practical reasoning).

The Leiter International Performance Scales Revised (Roid &

Miller, 1997) is a non-verbal cognitive test designed to be adminis-

tered from 2 to 20 years. It shapes up to be the most suitable tool for

assessing the Intellectual Quotient (IQ) of individuals with severe

attention deficits and linguistic impairments. Although GQ and IQ do

not perfectly correspond, we considered both as indices of the chil-

dren's development. Both tests yielded a standardized quotient with

M = 100 and SD = 15. The use of a combined IQ/GQ index is well-

known and validated if participants are at significantly different devel-

opmental stages with respect to the level of functioning (e.g., Van

Schooneveld & Braun, 2013). In addition, the Griffiths GQ appeared

to be a good predictor of later IQ (e.g., Bowen et al., 1996).

2.3.2 | Adaptive behavior and communication
assessment

The Vineland Adaptive Behavior Scale (VABS: Balboni &

Pedrabissi, 2003) is a semi-structured interview turned to primary

caregivers that provides a global score indicating the level of individ-

ual adaptive functioning (Adaptive Behavior Composite score) and

four different scores concerning abilities in the following specific

domains: Communication, Daily Living skills, Socialization, and Motor

skills. Raw scores were adopted to catch the overall adaptive profile

of patients. The expressive and receptive linguistic abilities were

assessed directly administering the Communication domain of

the VABS.

2.3.3 | Behavioral and emotional assessment

The Child Behavior Checklist (CBCL: Achenbach et al., 2001) is a

parent-report questionnaire composed of 100 items rated on a

3-point Likert scale with scores ranging from 0 (not true) to 2 (very

true or often true) that reflect the caregiver viewpoint of the child

behavioral and emotional difficulties in the last 6 months. It yields

8 syndromic subscales: withdrawn behavior, somatic complaints, anxi-

ety/depressed behavior, opposite behavior, aggressive behavior,

social problems, thought problems, and attention problems. Rated

items can also be clustered in three broad classifications of symptoms:

internalizing (consisting of anxious/depressed, withdrawn, emotionally

reactive, somatic complaints) and externalizing (consisting of attention

problems, aggressive behavior, rule-breaking) and total problems.

Although it has been used less often among children with intellectual

disability, the factorial validity of the CBCL has been evaluated by

Borthwick-Duffy et al. (1997), who examined the CBCL scores of

67 children and adolescents with ID. The Cronbach's α for the CBCL

Total Problem scale was high, ranging from 0.83 to 0.91 (Frigerio

et al., 2004).

The Childhood Autism Rating Scale (CARS: Schopler et al., 1988)

is a behavioral observation rating scale used as a screening tool for

ASD in clinical and research settings. This scale investigates the pres-

ence of behavioral, cognitive, and communicative characteristics asso-

ciated with autism and provides a total score ranging from 15 to 60.

The cut-off score is set at 30. For the purpose of the present study,

the cross-sectional comparisons between syndromes and longitudinal

analyses were carried out considering the CARS total score obtained

by the subject.

Studies on children reported a sensitivity of 0.98 for CARS

scores equal or above the autism cut-off of 30 (Eaves &

Milner, 1993) used to detect the presence of autistic symptoms eligi-

ble for diagnosis. Several studies revealed high internal consistency

among CARS items, with acceptable Cronbach's alpha coefficient

≥0.90 (Magyar & Pandolfi, 2007; Schopler et al., 1988). Moreover,

CARS cut-off scores turned out to be adequate to accurately differ-

entiate ASD from pervasive developmental disorders for toddlers and

preschool aged children in clinical settings (Schopler et al., 2010).

These results suggest that the CARS is a valid and reliable instrument

for evaluating the presence and severity of symptoms of autism spec-

trum disorders.

2.4 | Procedures

Neuropsychiatric phenotype of CdLS and RSTS patients was assessed

at T0 and T1. The T1 timepoint was carried out 40.96 ± 20.37 months

later than the baseline (T0). In particular, the average time CdLS indi-

viduals were followed up at T1 was: 43.14 ± 25.87 months, whereas

RSTS individuals were followed up at T1 39.07 ± 13.05 months later

than T0 using a specific protocol aimed at providing clinical data con-

cerning IQ/GQ, communicative skills, behavioral and emotional

aspects, and adaptive behaviors based on direct and indirect evalua-

tions. A cognitive assessment was carried out administering Leiter-R

to children affected by CdLS and RSTS aged over 2 years, whereas a

developmental assessment was performed administering Griffith

Mental Developmental Scales to children aged under 8 years whose

behavioral impairment was so severe as to not allow a cognitive
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assessment with Leiter-R. Examiners were not blind to the syndrome

diagnosis of the participants but they were blind to T0 assessment

scores at T1. All the direct instruments were scored at the end of the

examination of CdLS and RSTS patients for reducing memory recall

biases.

2.5 | Data analysis

Descriptive statistics were conducted on demographic variables

(e.g., age) to delineate the characteristics of CdLS and RSTS individ-

uals. T-tests for independent samples were run to exclude age differ-

ences at T0 between CdLS and RSTS and differences between the

two syndromes in the amount of time from assessment at T0 to T1.

Robust multiple mixed 2 � 2 ANOVA (Syndrome: 2 levels; Time-

points of assessment: 2 levels) were performed on the participants'

linguistic and adaptive characteristics to outline both between-group

differences and temporal evolution of phenotypes from T0 to T1.

Huber M-estimators (Huber, 2011) were used as a measure of central

tendency, and in case of statistical significance, post-hoc comparisons

were performed as follows: (i) test statistic for two-sample trimmed

mean proposed by Yuen (1974) for between syndrome comparison at

each timepoint; and (ii) the generalized approach as explained by Mair

and Wilcox (2018). Both tests use the robust version of Cohen's

d (Cohen, 2013) as proposed by Algina et al. (2005). Multiple mixed

2 � 2 ANOVA (Syndrome: 2 levels; Time-points of assessment:

2 levels) were performed on the participants' behavioral, emotional,

cognitive, and autistic characteristics.

G-power analyses show that a sample size of 28 subjects is

enough to obtain a power of 0.80 and a significance level of 0.05 with

2 � 2 conditions in a linear model with a large effect size (f2 = 0.39)

according to Cohen (1988).

Statistical analyses were performed using R 4.1.0 and R Studio

1.4.1717.

3 | RESULTS

3.1 | Sample characteristics: Time span between
assessment at T0 and T1

Firstly, a T-test for independent samples was performed to exclude

significant age differences at T0 between the two syndromes (CdLS:

4.14 ± 2.60 years; RSTS: 6.00 ± 4.23 years). The results confirmed the

absence of relevant age differences between CdLS and RSTS at base-

line (t[27] = �1.452, p = 0.158, d = �0.54).

Secondly, a T-test for independent samples was carried out to

exclude differences between CdLS and RSTS in the amount of time

from assessment at T0 to T1 (CdLS: 3.71 ± 2.16 years; RSTS: 3.40

± 1.12 years). The results showed that there are no significant differ-

ences and that these two timespans are comparable (t[27] = 0.496,

p = 0.632, d = 0.177).

3.2 | Developmental and cognitive assessment

To describe the sample's cognitive level, we considered GQ values for

patients under 8 years with behavior disorders that did not allow a

cognitive assessment with Leiter-R.

Mixed 2 � 2 ANOVA showed a significant effect of time (T0 vs.

T1, F[1,27] = 6.92, p < 0.05, ηp
2 = 0.20) and a significant interaction

effect between time and syndrome (F[1,27] = 6.63, p < 0.05,

ηp
2 = 0.20), with CdLS showing a significant difference over

time (p < 0.05).

3.3 | Adaptive behavior and communication
assessment

Adaptive behavior was assessed for all children and age-equivalent

scores were used to perform mixed 2 � 2 ANOVAs.

In the Composite score, main effect of syndrome

(F[1,11.745] = 6.334, p = 0.027) and time (F[1,10.039] = 38.742, p < 0.001)

and their interaction resulted significant (F[1,10.039] = 14.701,

p = 0.003). Pairwise comparisons between group levels showed signifi-

cant difference only at T1 (t[14.296] = 2.938, p = 0.011, d = 0.643),

while each group showed significant difference in both syndromes

between T0 and T1 (CdLS: t(7) = �2.772, p = 0.028, d = 0.272; RSTS:

t(9) = �5.574, p < 0.001, d = 0.54).

In the Communication domain, main effect of syndrome

(F[1,7.986] = 8.086, p = 0.022) and time (F[1,8.814] = 15.819, p = 0.003)

and their interaction resulted significant (F[1,8.814] = 11.419, p = 0.008).

Pairwise comparisons between group levels showed a significant differ-

ence only at T1 (t[10.552] = 3.169, p = 0.009, d = 0.652), while only

RSTS showed significant difference between T0 and T1 (t(9) = �3.913,

p = 0.004, d = 0.435).

In the Daily Living Skills domain, main effect of syndrome

(F[1,8.911] = 5.794, p = 0.04) and time (F[1,8.746] = 9.248, p = 0.014)

resulted significant as well as their interaction (F[1,8.746] = 7.514,

p = 0.023). Pairwise comparisons between group levels showed signifi-

cant difference only at T1 (t[10.267] = 2.665, p = 0.023, d = 0.704), while

only RSTS showed significant difference between T0 and T1

(t(9) = �3.069, p = 0.013, d = 0.507).

In the Socialization domain, main effect of syndrome

(F[1,10.159] = 8.815, p = 0.014) and time (F[1,11.408] = 13.473,

p = 0.003) resulted significant as their interaction (F[1,11.408] = 7.229,

p = 0.02). Pairwise comparisons between group levels showed signifi-

cant difference only at T1 (t[13.339] = 3.044, p = 0.009, d = 0.587),

while only RSTS showed significant difference between T0 and T1

(t(9) = �3.7, p = 0.005, d = 0.506).

In the Motor Skills domain, the main effect of syndrome was not sig-

nificant (F[1,13.396] = 2.634, p = 0.128) as the interaction between time

and syndrome (F[1,13.791] = 2.11, p = 0.169), whereas the main effect of

time was significant (F[1,13.791] = 13.236, p = 0.003). No differences

were found at T0 and T1 between syndromes but RSTS significantly

improved between T0 and T1 (t(9) = �3.844, p = 0.004, d = 0.557).
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Expressive and receptive abilities were assessed using VABS. In

the Expressive subscale, the main effect of syndrome

(F[1,6.216] = 2.069, p = 0.199) and time (F[1,6.714] = 2.61, p = 0.152)

did not result resulted significant as the while interaction

(F[1,6.714] = 1.737, p = 0.231).

In the Receptive subscale none of the main effects of syndrome

(F[1,10.724] = 1.812, p = 0.206) and time (F[1,7.023] = 1.506, p = 0.259)

resulted significant as their interaction (F[1,7.023] = 1.442, p = 0.269).

However, the improvement in receptive linguistic abilities was smaller

in CdLS patients than in RSTS (Figure 2, Table 2).

3.4 | Behavioral and emotional assessment

Mixed 2 � 2 ANOVAs showed no main effect of syndrome (Int:

F(1,21) = 0.504, p = 0.480, ηp
2 = 0.010; Ext: F(1,21) = 1.614, p = 0.218,

ηp
2 = 0.050) and time (Int: F(1,21) = 0.603, p = 0.446, ηp

2 = 0.040; Ext:

F(1,21) = 2.402, p = 0.136, ηp
2 = 0.129) as well as interaction effect

(Int: F(1,21) = 0.119, p = 0.734, ηp
2 = 0.002; Ext: F(1,21) = 0.501,

p = 0.487, ηp
2 = 0.007) either in Internalizing or Externalizing symp-

toms; whereas there was a significant main effect of time

(F[1,22] = 5.92, p = 0.039, ηp
2 = 0.21) in the Total problems score.

According to CARS data, the main effect of syndrome was not

significant (F[1,26] = 0.550, p = 0.465, ηp
2 = 0.021), as well as the main

effect of time (F[1,26] = 1.027, p = 0.320, ηp
2 = 0.015) and their inter-

action (F[1,26] = 4.032, p = 0.055, ηp
2 = 0.087) (Figure 3, Table 3).

4 | DISCUSSION

The present study has contributed to outlining the variating pathways

of neuropsychiatric functioning and behavioral phenotypes from

childhood to adolescence in CdLS and RSTS by setting up a longitudi-

nal study design and matching both direct and indirect evaluations for

guiding interventions' planning. The innovative aspect of our study

deals with the methodology adopted, which has allowed us to over-

come the limits and cohort effects encountered in the previous cross-

sectional studies. Moreover, to our knowledge, this is also the first

study that has explored the age-dependent behavioral and emotional

difficulties in such an early stage of life in both syndromes.

Overall, our findings highlighted that children affected by CdLS

are subjected to a worse developmental trajectory, with decreasing

scores or only slighter improvements, in all the investigated areas con-

cerning the cognitive, linguistic, adaptive, behavioral and emotional

development compared to those with RSTS.

In particular, two different developmental trajectories across syn-

dromes emerged.

The cognitive profile of CdLS is subjected to a worsening trend

with decreasing IQ/GQ scores from T0 to T1; whereas RSTS shows a

stable IQ/GQ over time.

It is worth mentioning that CdLS and RSTS cognitive level at T0 is

comparable. Therefore, we might acknowledge that the IQ is not an

influential variable able to explain a relevant quote of variance of the

behavioral phenotype changes. In contrast, individuals with CdLS

show a downward trend in cognitive abilities at T1. In this case, it

could not be possible to exclude a potential influence of the IQ on the

achievement of the developmental milestones. However, divergent

results emerged from the study by Giani et al. (2022) that outlined

how changes in behavioral phenotypes across the lifespan are inde-

pendent of IQ but associated with autistic traits. In our case, no rele-

vant differences in autistic traits emerged between the two

timepoints of assessment in CdLS individuals. Therefore, changing

pathways in behavioral phenotypes might be considered independent

of both IQ and ASD-related symptoms. Significant differences

between syndromes emerged also in the analyses of the adaptive

skills in various life's domains. Notably, communication abilities

improve more over time in RSTS than in CdLS, whereas socialization

abilities increase longitudinally both in CdLS and in RSTS, even if less

in individuals with CdLS. A relevant improvement of global adaptive

behaviors has been detected in both syndromes, with a higher growth

of adaptive functioning in RSTS than in CdLS from T0 to T1. This

result offers a divergent perspective from the previous studies (Basile

et al., 2007; Kline et al., 2018; Olioso et al., 2009) that reported a

decrease of adaptive behaviors with age in individuals with CdLS. Sim-

ilarly, Cochran et al. (2019) demonstrated a significant decline in stan-

dard scores in all areas of adaptive behavior alongside stability of age

equivalent scores in a 7-years follow-up, suggesting adaptive behav-

iors are likely to be plateaued. Concerning RSTS, our study has con-

tributed to filling the existing research gap in the literature, providing

missing information about adaptive skills and behaviors and their evo-

lution over time in this target population.

Communication skills increase longitudinally only in RSTS, as

expressive abilities in CdLS do not show signs of increase or decrease

from early infancy to late adolescence.

Our findings about expressive and receptive linguistic abilities dif-

fer from the pioneering ones reported by Hennekeam et al. (1992),

which assumed a loss of speech as soon as RSTS grew up, as in our

case both communication abilities improved, even though with a sig-

nificant increasing trend of receptive language than expressive ones,

that remains a weakness point.

There is also evidence that impairments in social interactions and

anxiety, a distinctive hallmark of the CdLS behavioral phenotype, may

worsen language skills which, in turn, impact adaptive abilities. Con-

versely, the greater gap in expressive abilities observed in CdLS across

the lifespan is meant to generate frustration that often negatively

affects behavioral and social outcomes.

Additionally, a recent review provided evidence that social impair-

ments in CdLS individuals are characterized by heightened levels of

social anxiety which are mediated by both the nature of the social

demand and the familiarity of the examiner they interact with (Giani

et al., 2021). Considering the age-related increase of external

demands and the major information children are exposed to, it is cru-

cial to focus on the ability to comprehend changes and heighten pre-

dictability to reduce social anxiety. These findings guide us to

consider the communicative aspect as one of these patients' interven-

tion priorities. Early Augmentative and Alternative Communication
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(AAC) interventions and speech therapy are therefore of paramount

importance from the outset to prevent the onset and deterioration of

challenging behaviors and produce favorable developmental outcomes

(Kline et al., 2018).

Concerning behavioral aspects, our study shows that both syn-

dromes report a worsening trend in CBCL assessment even if CdLS

exhibit a significant and major deterioration compared to individuals

with RSTS.

In line with previous findings, our study has confirmed the social

proneness of individuals affected by RSTS who are often described as

friendly, more easily engaged in social contacts, and with fewer social

impairments (Galèra et al., 2009; Moss et al., 2017; Yagihashi

et al., 2012), but it has also highlighted a slight increase of social abili-

ties in individuals with CdLS who are known in the literature to be

more compromised in interpersonal relationships and situations

(Grados et al., 2017; Kline et al., 2018; Mulder et al., 2016; Richards

et al., 2009; Srivastava et al., 2014) with symptoms resembling ASD.

However, our study indicates that both syndromes show compa-

rable levels of ASD-related traits that are meant to persist and to

remain stable over time undergoing only slight fluctuations not statis-

tically relevant. The absence of an improvement of ASD symptomatol-

ogy in parallel with chronological age is not consistent with previous

findings (Basile et al., 2007; Cochran et al., 2019; Kline et al., 2007;

Olioso et al., 2009, 2011). It is also worth noting that ASD symptoms

in CdLS differ from those observed in idiopathic autism. CdLS show

significantly less repetitive behaviors, lower sensory reactivity, more

eye contact, and intentional communicative gestures than ASD (Moss,

Howlin, Magiati & Oliver, 2012), and social impairments are character-

ized by social anxiety, selective mutism, and extreme shyness (Collis

et al., 2006; Goodban, 1993; Richards et al., 2009). The divergent

results could be due to the different methodology applied and study

design.

Lastly, our work has outlined two different trajectories with a

specific behavioral phenotype independent of the ID with a more

favorable trend of improvements in individuals with RSTS than

with CdLS.

There is mounting evidence that these variating pathways of

behavioral phenotypes and neuropsychiatric functioning in CdLS and

RSTS might be explained by biological dysregulated processes,

accounting for a quote of age-related changes across the lifespan. A

widely accepted theory for CdLS is the oxidative stress hypothesis

which could provide a further contribution to the genome instability

detected in the CdLS spectrum and the premature aging signs

encountered in patients affected by CdLS. In general, any abnormal

TABLE 2 Results of the developmental, adaptive and autism assessment at T0 and T1 in both syndromes

Measure Syndrome T0 T1

Pairwise comparisons

between time points

Griffiths or leiter

GQ/IQ CdLS 56.57 ± 28.61 45.93 ± 25.15 p < 0.05

RSTS 49.25 ± 17.47 49.13 ± 17.86 p = 0.96

VABS

Compositea CdLS 21.885 (15.051–28.719) 27.033 (20.023–34.042) p = 0.028

RSTS 30.324 (22.860–37.788) 48.929 (37.817–60.040) p < 0.001

Communicationa CdLS 18.000 (NA) 18.000 (NA) p = 0.41

RSTS 32.076 (21.464–42.687) 58.063 (37.726–78.399) p = 0.004

Daily Livinga CdLS 20.708 (17.889–23.527) 25.792 (20.041–31.544) p = 0.668

RSTS 32.654 (23.326–41.982) 56.810 (37.146–76.474) p = 0.013

Socializationa CdLS 18.855 (17.892–19.818) 21.551 (18.474–24.628) p = 0.369

RSTS 26.843 (22.116–31.570) 44.608 (32.690–56.525) p = 0.005

Motor Skillsa CdLS 23.215 (18.695–27.736) 28.429 (19.420–37.437) p = 0.188

RSTS 29.535 (23.757–35.313) 38.833 (31.865–45.802) p = 0.004

Expressive subscalea CdLS 18.000 (NA) 18.000 (NA) p > 0.05

RSTS 19.710 (17.836–21.584) 23.985 (17.245–30.725) p > 0.05

Receptive subscalea CdLS 18.000 (NA) 18.000 (NA) p > 0.05

RSTS 28.320 (19.263–37.376) 46.669 (24.365–68.974) p > 0.05

CARS

Total score CdLS 30.82 ± 10.94 31.75 ± 9.14 p = 0.49

RSTS 29.63 ± 10.36 27.47 ± 9.59 p = 0.15

Abbreviations: CARS, childhood autism rating scale; CdLS, Cornelia de Lange syndrome; GQ, general quotient; IQ, intellectual quotient; RSTS, Rubinstein-

Taybi syndrome; VABS, vineland adaptive behavior scale.
aFor VABS scales and subscales we used Huber M-estimators as a measure of central tendency and values of lower and upper confidence interval as a

measure of variance.
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increase in oxidative stress-promoting substances, often called pro-

oxidants, is mitigated by an antioxidant response. However, when

this balance is altered, oxidative and nitrosative stress is initiated as a

result of the overproduction of reactive oxygen species (ROS) and

insufficiency of the antioxidant defense mechanisms (Salim, 2014).

Excessive ROS may have detrimental effects and can disturb the

maintenance of normal adenine and pyridine nucleotide status,

which, in turn, can affect the viability of DNA, trigger mutations and

modify gene expression (Kohen & Nyska, 2002). The brain, with its

extensive capacity to consume large amounts of oxygen and produc-

tion of free radicals, is considered highly vulnerable to oxidative dam-

age. Therefore, it is not surprising that oxidative stress is implicated

in several neurodegenerative and psychiatric disorders, like anxiety,

depression, bipolar disorder and schizophrenia (Halliwell, 2006; Ng

et al., 2008; Reynolds et al., 2007; Salim, 2014). The phenotypic

markers in CdLS, including growth delay, short stature, delayed

puberty and cognitive decline/intellectual disability are well explained

by mutant cohesin that may contribute to DNA damage, as a result of

reduced DNA repair capability induced by oxidative stress promoting

genome instability, apoptosis and cell growth arrest (Chamorro

et al., 2016; Gorrini et al., 2013; Sarogni et al., 2020). Similarly,

impairments in the KREB cycle have been associated with memory

deficits (Josselyn & Nguyen, 2005). However, no evidence about the

link between those neurobiological impairments and age-related

changes in the behavioral phenotype of RSTS exists as it is still in its

infancy.

F IGURE 3 Results of the psychopathological
assessment at T0 and T1 in both syndromes
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There are several strengths of this study that are worthy of men-

tion. Firstly, the current study is the first one that has set up a longitu-

dinal research design to follow the changing pathways of the CdLS

and RSTS behavioral phenotypes, using an assessment protocol com-

posed of direct and indirect evaluations. Moreover, specific indica-

tions for interventions have been discussed to provide personalized

healthcare for patients. As a future direction, this study could be a

starting point for a consensus statement about rehabilitative guide-

lines for these two genetic conditions.

Notwithstanding the innovative aspects of this study, some limita-

tions must be acknowledged. Patients with CdLS and RSTS were com-

pared without considering the wide genetic heterogeneity involved in

the etiopathogenesis of the syndrome that turns into different sever-

ity degrees of behavioral phenotypes as well as the great variability of

age among the two syndrome groups which might account for the dif-

ferences in the increases/decreases of particular skills at specific

developmental timepoints. Furthermore, previous interventions were

not put under experimental control as potential confounding variables

able to account for part of the outcomes observed in the longitudinal

assessment. It is worth mentioning that in our country, the care path-

way for individuals with complex disabilities is characterized by an

early and timely intervention that is meant to change according to age

and various specific needs. Future studies should also covariate this

variable to distinguish improvements and/or worsening of abilities due

to the developmental trajectories of the syndrome or to interventions.

5 | CONCLUSION

In summary, knowing the natural history of the behavioral phenotype and

his longitudinal trajectory across the lifespan has allowed us to define

more tailored intervention programs based on the strengths and weak-

nesses encountered as distinctive of the different developmental stages

of CdLS and RSTS patients. In particular, Early Augmentative and Alterna-

tive Communication (AAC) interventions are highly recommended to

obtain favorable outcomes in developmental milestones and to reduce

the risk of behavioral disorders. Our findings highlighted that children

affected by CdLS are subjected to a worse developmental trajectory, with

decreasing scores or only slighter improvements, in all the investigated

areas concerning the cognitive, linguistic, adaptive, behavioral and emo-

tional development compared to those with RSTS.

Being aware of the early dysfunctional patterns which might pave

the way for later neuropsychiatric impairments is the first step for

preventive interventions. Every developmental stage has its mile-

stones expected to be reached to ensure proper individual maturation

and different therapeutic windows, which might be taken into account

because the timing of interventions is an essential element for out-

comes maximization. Moreover, different syndromes have different

aspects of being monitored and dealt with. Priorities change and

evolve alongside the increasing demands expected with age and

should always be established and discussed with the family in the

treatment plan, in line with the theoretical assumptions of the Family

Centred Care (FCC) model.
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