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Abstract

'The aim of this manuscript is to analyze the literature regarding autism spectrum disorders (ASDs) in CHARGE syndrome. Systematic search of articles in SCIENCE
DIRECT,MEDLINE and PsycINFO databases. Articles published in English and French were searched with the terms “autis”, “behavior”, “development” associated
with “CHARGE syndrome”. From 247 citations, we selected 16 relevant papers, then included 7 articles in the qualitative synthesis. Data were extracted on
methodological quality (use of ASD-specific tools and measurements of factors), number of participants and results.

Few studies investigated ASDs in CHARGE syndrome and even fewer used specific or diagnostic tools for ASDs. Rates are inconsistent across studies, which might
be due to variation in tools used, from diagnostic tools to parental reports. Factors of ASDs in CHARGE syndrome included cerebral anomalies, degree of visual and
hearing loss, intellectual disability, and medical involvement. Results are inconsistent and may be due to different ways of accounting for sensory impairments and
ASD:s or overlap among factors. CHARGE syndrome could exhibit a specific autistic-like profile even if few studies have precisely investigated autistic behaviors in
this population. Challenging behaviors and autistic-like behaviors are often confused in patients with CHARGE syndrome. Future research is needed in both areas

Abbreviations: ABC: Autism Behavior Checklist; ADOS: Autism
Diagnostic Observation Schedule; ADI: Autism Diagnostic Interview;
ASDs: Autism Spectrum Disorders; CARS: Childhood Autism Rating
Scale; CS: CHARGE syndrome; DSM: Diagnostic and Statistical Man-
ual of Mental Disorders; OAV: Oculo-Auriculo-Vertebral syndrome;
PDD: Pervasive Developmental disorder; VABS: Vineland Adaptive
Behavior Scale.

Introduction

CHARGE syndrome (CS) [1,2] is a rare genetic syndrome (1/10,000
people) that can feature multiple disabilities. CHARGE is an acronym for
the most common impairments [3]: C: coloboma (visual impairment),
H: heart disease, A: choanal atresia, R: retarded growth and/or
development, G: genital hypoplasia, E: ear anomalies or deafness. Other
possible malformations and deficits include arhinencephly resulting in
hyposmia, anomalies of the semicircular canals resulting in vestibular
dysfunction, and cranial nerve dysfunction resulting in feeding and
respiratory difficulties during the first years of life. The associations
and degree of impairments vary among people with CS. Intellectual
abilities are heterogeneous and could be linked to visual and neurologic
anomalies [4].

Obviously, CS may lead to behavioral disorders. People with CS
seem to have difficulties making same-age friendships even during
the teenage years and adulthood [5-6]. They can also show ritualistic
behaviors (e.g., must do things in a certain order) [7] and unusual
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behaviors (e.g., unusual interest in numbers, strings) [7-8], sensory
particularities (e.g., desire for pressing or tight clothing) and self-
stimulation behaviors [7,9]. These descriptions suggest autistic-like
behaviors. The autistic quality of these behaviors has been investigated
and has been reported in different studies using different methods.

Autism spectrum disorders (ASDs) are characterized by deficits
in communication and social interactions as well as repetitive and
restricted behaviors and interests and can vary among patients
[DSM-5] [10]. Hence, ASDs include autism, Asperger’s syndrome
and pervasive developmental disorders [DSM-IV-TR] [11]. ASDs in
CS have been described by parents [12], by clinicians using different
diagnostic criteria [DSM-III] [13], DSM-IV] [11], and with various
parental questionnaires [5,14] or diagnostic tools [15-17]. Surgery and
rehabilitation methods solve most of the somatic issues, but those linked
to behavior seem to persist in many people with CS until adulthood [6].
Some investigators have studied autistic-like behaviors in CS, but their
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research only partly answered questions such as the frequency of ASD in
CS, whether there is a specific autistic-like profile in CS and what factors
lead to the development of ASDs in CS.

No critical review has investigated autistic-like behaviors in CS. This
review aimed to report the current knowledge regarding the state of art
of ASDs in CS. We describe the studies investigating ASDs and their
frequency in people with CS and their results and analyze the factors
linked to autistic-like and challenging behaviors in CS.

Methods

In April 2016, we searched for English or French articles in the
databases SCIENCE DIRECT, MEDLINE, and PsycINFO from their
inception by using the keywords “autis*”, “behavior*”, “development*”
associated with “CHARGE syndrome”. We found 247 articles (Figure
1). The topic of most articles was autism (pharmacology, genetic) and
genetic diseases in which ASDs is reported. Thus, we restrained our
research to keywords of the title, subject and abstract and found 16
citations: 4 were about autistic [14,18,19] and challenging [5] behaviors
and others were about behavior in general [8,20], parental stress [21],
sleep disturbances [22], and executive functioning [23] in CS and one
was an educators’ primer [24]. Two articles were about genetics in ASDs
[25,26] and one was on positive aspects of specific diet in a child with CS
with “ASD” without any details regarding the diagnostic method [27].

We then searched for articles written by important authors in the
field (Hartshorne, Johansson) and found 2 theses that were published
[5,18] and studied the special issue of the American Journal of Genetics
whose topic was “behavior in CHARGE syndrome” [28] and a book
about CS [29]. We then searched all articles that cited articles treating
ASDs in CS [14-16,18,30]. We found no critical review that used the
keywords “autism’, “CHARGE syndrome”, and “challenging behavior”
between 2005 and 2009 [31]. Finally, we retained only 7 articles that
described assessing autism or challenging behaviors in people with CS
(Figure 1). These articles presented methodological quality as they used
specific tools for investigations of ASD and took into account various
factors.

Results and discussion

Description of autistic-like behaviors in CS and their frequency:
Hartshorne and Cypher [5] asked parents of 100 children with CS about
the psychiatric diagnoses identified in their child: 6% of the children had
a diagnosis of autistic or autistic-like disorder and another 6% pervasive
developmental disorder (PDD). Wachtel et al. [30] asked 87 parents
about the psychiatric diagnosis identified in their children with CS: one
third mentioned a psychiatric diagnosis and 16% PDD, including 9%
autism. These methods are questionable because the authors did not
assess the children or check in the medical record which tools were
used for diagnosis. Moreover, the research depended on establishing
a psychiatric diagnosis with people with CS who already have a lot of
issues (Table 1). These rates do not seem reliable.

Hartshorne and Cypher [5] developed their own parental
questionnaire and included the most frequent behaviors seen in
children with attention deficit hyperactivity disorder, ASD, PDD,
obsessive-compulsive disorder, or Tourette’s syndrome according to
specialists of these conditions. The authors estimated the behaviors
on a 5-point Likert-scale. In total, 100 parents of people with CS from
various countries completed the questionnaire. The 3 most frequent
behaviors were “extreme preference for certain toys, food etc” (69%),
“restricted range of interests and/or pre-occupation with one narrow
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ing with the following databases with :
« CHARGE SYNDROME » AND « autis* » or « development* » or « behav* »

(in the abstract of the articles)

&

Science Direct PsycINFO Medline
N=37 N=38 N=188
Total Dataset
N=247
‘ Systemic search through abstracis ‘

Excluded papers :

- other topics : medical involvement
(n=117), genetics (n=101)

- reviews (n=2)

- only abstracts (n=3)

- other language (n=5)

authors in this field [Hartshorne,

Past publications of recurrent
Johansson) : 2 thesis.

Total relevant papers or chapters
N=16

Excluded papers :

- other behaviors or behavior in
general (n=6)

- genetic (n=2), diet (n=1)

Included papers in qualitative synthesis
N=7

Figure 1. Assessing autism or challenging behaviors in people with CS

interest” (66%) and “significant difficulty in ability to make same-age
friendships” (61%). This study found a high frequency of autistic-like
behaviors in CS but did not compare the participants with a control
group of autistic or deafblind people. The questionnaire was not
standardized and did not allow for diagnosing autism in CS.

Hartshorne et al. [14] used a standardized and specific parental
questionnaire to investigate autistic behaviors, the Autism Behavior
Checklist (ABC) [32] and considered 27.5% of patients with CS as
having autism. The authors reported a specific autistic-like profile. As
compared with people with autism, those with CS were more socially
engaged [14] and had better language and communication skills [14]
because they showed fewer language abnormalities typically manifested
by ASD (e.g., echolalia, avoiding pronouns) [14]. As compared with
deafblind people, people with CS showed more resistance to change,
temper tantrums and ritualistic behaviors [14]. Even if the ABC
is standardized and widely used in the field of autism, it has high
specificity [33] and can lead to an underestimation of the frequency
of ASDs. Moreover, the use of parental questionnaires does not ensure
that questions are understood and does not allow the investigator to
explain the question or give details. These details can be important for
some behaviors and distinguish an appropriate from an inappropriate
behavior. Having restrained interests or preoccupation is normal if for
instance the person shares these interests with other people. Moreover,
with sensory impairments, the diagnosis of ASD and the understanding
of behaviors are more complicated. In addition, even if parents know
their children well, their subjectivity may impact their judgment.

Johansson et al. [16] used various diagnostic tools for ASDs (i.e.,
Autism Diagnostic Interview [ADI] [34], DSM-IV) and specific autism
scales (i.e., ABC, Childhood Autism Rating Scale [CARS] [35] with
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Table 1. Selected articles for review (ABC: Autism Behavioral Checklist. ADI: Autism Diagnostic Interview. DSM: Diagnostic and Statistical manual of Mental disorders. OAV: Oculo-
Auriculo-Vertebral syndrome. CARS: Childhood Autism Rating Scale. CS: CHARGE syndrome. VABS: Vineland Adaptive Behavior Scale).

Sample Age,
Reference Groups . P years , months
size
(mean)
Fernell et al. 1° CS 3 -
Hartshorne and Grialou' CS 160 10.9
Johansson et al. ' CS 25 8.11
CS 25 8.11
Johansson et al. '* Mobius 21 8.11
OAV 19 12.4
Hartshorne and Cypher’ CS 100 7
Wachtel et al. CS 87 11.1
Vervloed et al. % CS 27 12

25 people with CS. They classified different levels of autism, from
childhood autism (with all ADI and DSM criteria) to autistic traits (only
3 to 5 DSM criteria). The study concluded an autism frequency of 68%
among the people studied. This rate may be an overestimation because
the authors considered autistic-like behaviors and autistic traits and
not just childhood autism. CS is a clinically heterogeneous syndrome,
and 25 participants seems a too-small sample to generalize to the whole
population of CS. Especially, the authors underlined a recruitment bias
in favor of people with more severe hearing and visual impairments.
Moreover, direct assessments with, for instance, the Autism Diagnostic
Observation Schedule (ADOS) [36] in association with the ADI should
be considered to investigate autistic behaviors in CS people as is advised
for children [37].

Furthermore, dual sensory impairment induces inappropriate
questions when using tools created for people without sensory
impairment [38]. The choice of diagnostic tool is important. The ADI
seems the most appropriate, but it was used in one study with only a few
participants [17]. This lack of studies using diagnostic tools in a large
sample of patients is explained by the rarity of CS and its heterogeneity,
with sometimes a severe picture that is difficult to assess. Thus, CS
people are usually scattered, and assessments with a sufficiently large
number of people is difficult.

So, the rate of ASDs in CS has a large range, from 9% to 68%,
[16,30] and is uncertain, depending on the definition and thus needs to
be studied in larger populations.

Determinants or risk factors of autism and autistic traits in CS:
CS patients can exhibit autistic-like behaviors. Challenging behaviors
are not diagnostic criteria of ASDs. Regardless, autistic people are more
likely to exhibit challenging behaviors [39-40] probably given their
communication difficulties [41] and sensory integration issues [42].
Challenging behaviors are defined as “culturally abnormal behaviors of
such an intensity, frequency or duration that the physical safety of the
person or others is likely to be placed in serious jeopardy, or behaviors
which is likely to seriously limit use of, or result in the person being
denied access to, ordinary community facilities” [43]. Distinguishing
challenging and autistic-like behaviors in CS is difficult because they
can overlap. Few studies have investigated the links between autistic
traits and medical or history data.

Vervloed et al. [20] investigated challenging behaviors by using a
parental scale for 27 people with CS. They used the scale created by
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Methods of assessment

Autism diagnose Challenging behaviors Characteristics

DSM-III/IV
ADI -
CARS

ABC - -

ADI-Revised VABS or Wechsler
DSM-1V
ADI-Revised
DSM-III/IV
CARS
ABC

Reported diagnosis - -

Leiter not verbal

Reported diagnosis -

CBCL Temperament scgle for mental
- retardation
VABS

Hartshorne and Cypher [5] to investigate autistic behaviors and most
of the medical involvement scales used by previous authors [5,44]. They
also accounted for length of hospitalization and number of operations.
The authors performed a number of statistical tests among only a few
participants, which may have reduced the strength of these tests. People
with cerebral abnormalities were more socially withdrawn and seemed
to have more difficulties regulating their emotions. However, the authors
did not specify the method of brain investigation and the anomalies.
Their results did not show any link between those two variables, except
that people with heart defects and cerebral abnormalities showed more
challenging behaviors. Their results showed less externalized behaviors
in people who underwent heart surgery. The authors indicated that
the behaviors might be due to fatigue. Other factors must be taken
into account to clarify and better explain this result. The length of
hospitalization and number of operations did not seem to be significant
risk factors for challenging behaviors.

According to the authors of one study, [15] autistic behaviors
could be present in CS whatever the degree and association of sensory
impairments. Three studies investigated risk factors for autistic-like
behaviors [5,16,28], but only one of these used objective tools to assess
various deficits [16].

Hartshorne and Cypher [5] investigated factors linked to
autistic-like behaviors with their parental questionnaire. The authors
accounted for medical involvement by using a severity scale that they
developed, attributing one point to each medical condition (e.g., renal
abnormalities, heart defects). The greater the medical involvement, the
more severe the autistic-like behaviors. The authors also investigated
the difference in autistic behaviors in CS in terms of the presence of
deafblindness. Being deafblind was defined according to parents
opinion in terms of the severity of the sensory deficits of the child. Some
autistic-like behaviors were more frequent in CS patients with than
without the deafblind condition. This result suggests a possible specific
autistic profile in CS depending on the presence of deafblindness. The
authors also found more autistic-like behaviors in younger than older
children with CS. The risk factors suggested in this study are relevant,
but the measurements of sensory impairments need to be more precise.
The judgment of sensory impairment severity by parents is subjective
and might be linked to degree of intellectual disability. Thus, intellectual
disability and sensory impairment severity could be confounded.
Moreover, the severity scale of medical involvement is criticized
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because it attributes the same value to very different somatic anomalies.
To improve the validity of the study, the same team of experts [14] used
a specific parental questionnaire to investigate autistic-like behaviors.
They found the same results as previous regarding the association
between deafblindness and autism and between somatic severity and
autism. The authors used the same severity scale of sensory impairments
and medical involvement, and likely some of their participants were the
same as in the previous study. The results indicated that autistic-like
behaviors were more frequent in children with CS than in those without
CS but with the deafblind condition. Thus, even if deafblindness may
be a risk factor, it is not sufficient to explain the development of autism.

Johansson et al. [16] were the only authors who used specific and
standardized diagnostic tools. To measure the presence and the severity
of autism, they used the DSM, ADI, CARS and ABC. To assess learning
disability, they used the Wechsler Intelligence Scale for Children or the
Vineland Adaptive Behaviour Scale. To assess sensory impairment, they
objectively measured hearing and visual deficiency with specific tests
used by ophthalmologists and by ear, nose and throat specialists. They
classified visual and auditory deficiency into 3 categories according to
the degree of visual acuity and hearing loss. To estimate the neurologic
anomalies, the authors collected brain MRI images and brain CT scans
for participants. Both visual loss and cerebral anomalies were linked to
intellectual outcome, with the level highly correlated with the severity
of autistic-like behaviors. Cerebral abnormalities were present in most
of the participants, more frequently forebrain midline abnormalities
(corpus callosum hypoplasia). White and grey matter abnormalities
and forebrain midline abnormalities were more frequent in people
with CS and autism (5 DSM-1V criteria) than those with CS with only
a few autism traits (3-4 DSM-IV criteria) or no autistic traits [16].
The authors could not perform multivariate analysis but suggested
that sensory impairment could be a marker of brain damage in CS,
as was hypothesized in deaf [45] and blind [46] people. Thus, this
study indicated that learning disabilities, visual deficits, and cerebral
anomalies were all associated with severity of autism in CS.

Two studies [14,18] showed autistic behaviors more frequent
in children with CS than those with only the deafblind condition.
In addition to visual and auditory deficiencies, children with CS
had vestibular and olfactory impairments and experienced several
traumatic events due to their medical conditions, which could explain
the difference in results from previous studies.

Conclusions

This analysis of the literature showed that children and adults with
CS can exhibit autistic-like behaviors whose profile is not the same as
with classical autism. The CS behavioral autistic-like profile features
better communication skills and more interest in social relationships
than with classical autism. Compared to deafblind people, CS people
show less self-regulation abilities [14], with more ritualistic, stereotyped
and self-stimulation behaviors. To better define this profile, the AD],
which seems to be the most appropriate tool for diagnosing ASD, could
be used. A direct assessment of autism, such as with the ADOS [36]
could be used given the multiple disabilities of children with CS.

The rate of ASDs in CS varies from 9% to 68% [16,30]. Patients with
CS more frequently exhibit autistic-like behaviors than do deafblind
people, which suggests a specific link between ASDs and CS [17].
Cerebral anomalies [16], visual loss [14,17], medical involvement [5,14]
and low intellectual level [16] appear to be relevant risk factors for the
development of ASDs in CS. However, we do not know the strength
of each factor and any possible overlap. The developmental trajectory
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of autistic-like behaviors must be investigated in light of the evidence
of the impact of age in some studies [5,14]. Executive functioning has
been found linked to autistic-like behaviors, [2,3] but its impairment in
CS lacks consensus [47].

Few studies have precisely investigated autistic behaviors in CS.
Emotion regulation abilities, relationships with relatives, social rules
knowledge, theory of mind abilities, and of course anxiety should be
investigated in future studies.
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