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Abstract

Objectives Support for adults with congenital corpus callosum disorders (CCDs) is impeded by poor understanding of the
impacts of a CCD on day-to-day functioning and quality of life. This scoping review examines existing literature to establish
the evidence-based impacts of congenital CCDs in adults and identify gaps to inform future research, policy development,
and service delivery.

Methods We conducted searches in Scopus, Medline Ovid, PsycInfo, Discovery, and ERIC. Studies meeting selection criteria
were peer-reviewed, in English, published from 1980 to 2021, reported predominantly on participants 16 years or older who
were diagnosed with a CCD by magnetic resonance imaging (MRI).

Results The thirty-eight included articles comprised 14 single/dual participant case studies and 24 group studies, comparing
adults with a CCD with normative data or matched controls. Although most participants were of average 1Q, CCDs affected
day-to-day executive functioning, social interaction, and meeting expectations of adulthood. Cognitive impacts included
difficulties with learning and memory, linguistic and emotional processing, and complex reasoning, with functional capacity
typically decreasing as tasks and situations increased in complexity. Psychological impacts pertaining to feelings, emotions,
and social awareness were reported in addition to associated mental health, psychiatric mood, and developmental and psy-
chotic disorders including autism, anxiety, depression, and schizophrenia.

Conclusions Impacts were extremely heterogenous, presenting interwoven challenges to learning, executive functioning,
social interaction, and mental health. Knowledge of these circumstances is vital for adults with CCDs, professionals, and
family members to ensure appropriate services and support are available to promote good quality, inclusive lives for all
adults with a CCD.
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The corpus callosum is the largest white matter tract in the
brain. It connects the left and right hemispheres, enabling
interhemispheric cognitive, sensory, and motor communi-
cation (Edwards et al., 2014; Hearne et al., 2019). A con-
genital corpus callosum disorder (CCD) is characterized
by a completely or partially absent or misshapen corpus
callosum, causing a heterogeneous array of cognitive, psy-
chological, psychiatric, and physical impacts ranging from
mild to severe (Brown & Paul, 2019; Edwards et al., 2014,
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Margari et al., 2016; Siffredi et al., 2018). One or more asso-
ciated neurological developmental and psychiatric disorders
including epilepsy, autism, intellectual disability, attention-
deficit/hyperactivity disorder (ADHD), depression, anxiety,
and schizophrenia are often present in individuals with a
CCD (Bondade et al., 2018; Chinnasamy et al., 2006; Moes
et al., 2009; Moreau et al., 2021; Popoola et al., 2019; Simon
et al., 2008; Valenti et al., 2019).

Although a CCD is one of the most commonly detected
brain abnormalities in newborns, an incidence of 1:4000 live
births classifies it as a rare disease (Edwards et al., 2014;
Glass et al., 2008). Children with a CCD are at increased risk
of neurodevelopmental disorders and delays. For example,
Lau et al. (2013) found that 45% of children and 35% of
adolescents with a CCD met criteria for an autism diag-
nosis, and Siffredi et al. (2018) reported that while 20% of
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children with a CCD indicated typical development, 50%
experienced difficulties in intellectual, executive, behavio-
ral, academic, and social function. However, CCDs in adults
may be undiagnosed, with neurodevelopmental challenges
attributed to associated diagnoses or even personal short-
comings (Maxfield et al., 2021; Paul et al., 2007). There are
examples of undiagnosed adults presenting with incidental
injuries or psychological/psychiatric symptoms warranting
neuroimaging, which subsequently reveal a CCD (Bondade
et al., 2018; Chinnasamy et al., 2006; Moreau et al., 2021;
Popoola et al., 2019; Simon et al., 2008; Valenti et al., 2019).
CCDs remain poorly understood within the health, social
care, and education systems, and in the wider community
(Edwards et al., 2014).

A CCD was once regarded as an “interesting anomaly
occasionally and incidentally to be found at autopsy” (Gold-
ensohn et al., 1941, p. 567). Until 1980, knowledge of the
corpus callosum and its function was typically derived
from autopsy or following surgical callosotomy (severing
of the corpus callosum) and commissurotomy (severing
of all brain hemispherical commissures) to treat epilepsy.
Complete studies reporting cognitive and psychological
impacts of congenital CCDs were scarce, with experiences
of associated psychosocial disability receiving almost no
attention (Brown & Paul, 2000). Congenital CCDs are now
more accurately diagnosed by magnetic resonance imaging
(MRI), computed tomography (CT), or prenatal ultrasound
(Edwards et al., 2014; Mahallati et al., 2021).

Recent studies indicate a congenital CCD can be caused
by exogenous insult, for example, infection or exposure to
teratogens such as alcohol. However, most occurrences are
understood to be of genetic etiology, with recent advances
in genomics identifying more than 400 genetic causes (Alby
et al., 2016; Edwards et al., 2016). Current corpus callosum
research focuses on exogenous and genetic causes of CCDs,
variations in anatomical presentation and pediatric develop-
mental, and behavioral phenotypes (Ballardini et al., 2018;
Barnby et al., 2022; Brown & Paul, 2019; Edwards et al.,
2014; Siffredi et al., 2018). There are very few studies on
the impacts of a congenital CCD on the day-to-day lives of
adults, with no known studies examining the impact on qual-
ity of life (QoL). Such limited information creates barriers
to diagnostic and prognostic knowledge and the design and
provision of appropriate support.

Although pediatric CCD management is becoming bet-
ter informed by early diagnosis and expanding biological
research, failure to yet identify “a clear and unique neuropsy-
chological phenotype” (Siffredi et al., 2018, p. 453) chal-
lenges consensus for support needs of children and adults.
What is recognized, however, is that where individuals
receive inadequate supports, a CCD can be disabling (Bog-
art & Irvin, 2017; Maxfield et al., 2021). Despite increased
awareness of disability in society and legislated measures to
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promote educational and workplace inclusion, adults with
disability are underrepresented in higher education and the
workforce (Gray, 2020). They continue to experience dis-
crimination and inadequate support from educators, employ-
ers, and colleagues (Bonaccio et al., 2020; Devine et al.,
2019; Kavanagh et al., 2013; La Montagne et al. 2016). The
subsequent discrimination and isolation experienced by
individuals with disability can affect inclusion across other
important life domains with negative impacts on socioeco-
nomic, health, and QoL outcomes (Karahalios et al., 2020;
Kavanagh et al., 2013). This is similar to the social disadvan-
tage and reduced QoL experienced by individuals with other
rare conditions (Anderson et al., 2013; Bogart & Irvin, 2017;
Bryson & Bogart, 2020; Molster et al., 2016).

Research has captured identification and impact of con-
genital CCDs diagnosed in childhood in relation to cogni-
tive (e.g., developmental delays and deficits in receptive and
expressive language, learning, memory, and communication)
(Bartha-Doering et al., 2021; Brown et al., 2005b; des Portes
et al., 2018; Siffredi et al., 2017) and psychosocial function-
ing (e.g., emotional dysregulation and difficulties socializing
with peers) (Badaruddin et al., 2007; Siffredi et al., 2018).
Far less research has focused on the impact of congenital
CCDs on the lives of adults. This scoping review, therefore,
examines the existing literature to identify the evidence-
based impacts of congenital CCDs in adults and identify
gaps to inform future research, policy development, and
service delivery.

Method

Review procedures were informed by Preferred Reporting
Items for Systematic reviews and Meta-Analyses Extension
for Scoping Reviews (PRISMA-ScR) (Page et al., 2021),
Synthesis Without Meta-analysis (Campbell et al., 2020), and
CAse REport (CARE) guidelines for screening of case stud-
ies (Riley et al., 2017). Using keywords, Boolean terms, and
inclusion limiters, we established an iterative search strategy
in peer-reviewed journals (see Fig. 1). The introduction of
MRI in 1980 enabled gold standard confirmation of CCDs
(Gooding et al., 1984), determining our time frame from
1980-2021. Thirty-eight articles met criteria for inclusion.
The initial minimum age was 18 years. Most case control stud-
ies included a small number of participants aged 16—17 years;
therefore, minimum participant age was reduced to 16 years.
Three salient studies, each containing one 14-15 year old,
were also included (Brown et al., 2005a; Farchione et al.,
2002; Hinkley et al., 2016). Studies not clearly delineat-
ing between numbers of child and adult participants were
excluded. Other excluded titles focused on physical impacts,
which were not the focus of this review (e.g., Doherty et al.,
2006; O’Brien, 1994).
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Fig. 1 Flow diagram of litera-
ture selection

Identification

Screening

Eligibility

Included

Results
Study and participant characteristics

Cognitive and psychological impacts of congenital CCDs on
adults were described in 38 articles (see Table 1). Twenty-
four group studies compared adults with a CCD to popula-
tion normative levels or matched controls. Fourteen were

Key words:

agenesis, dysgenesis, hypoplasia,
anomaly, disorder, absent, psych*,
adult*, congenital, cognit*, impact*

Initial records identified through database search:

Scopus, PsychINFO, Medline, ERIC and Discovery. (July 2021)
Baseline key words: - corpus AND callos* (n = 30,117)

* truncation symbol

!

999 articles

Additional limiting criteria:

* NOT child

» Peerreviewed

+ 1980 - 2021

* English language

Full search replicated in PsychINFO,
Medline, ERIC and Discovery.

276 articles

Screening - title and abstract:

* Confirm CCD adult sample

+ Confirm cognitive/psychological
information

* Remove poor quality, reviews,
duplicates, child focused studies

93 articles

Manual search of article reference lists
» Add 5 eligible studies

98 articles

Final screening based on full text:

¢ Confirm sample of adults with a DCC

* Remove poor quality articles and any
with extreme bias

¢ Confirm impacts

¢ Remove articles with mixed ages with
insufficient data

¢ Guidelines - PRISMA, CaRe, SWiM

o 38 articles

single- or dual-participant case studies. Most studies were
conducted in the USA (27/38), with other locations includ-
ing Australia (4), India (2), Switzerland (1), Germany (1),
UK (2), and Canada (1).

Data indicated that some participants were recruited from
preexisting US databases (e.g., California Institute of Tech-
nology and Travis Institute, California) and took part in mul-
tiple studies. Demographic details of some subgroups within
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studies were not always accurately disaggregated, rendering
it impossible to accurately aggregate statistics. Therefore,
a mean age of 32.9 years was an estimation and calculated
using data reported for a total of all included individuals
with a CCD (n=465), aged from 16 to 74 years, reported in
34/38 studies. Three additional, salient case—control stud-
ies (Brown et al., 2005a; Hinkley et al., 2016; Symington
et al., 2010) each contained a participant aged 14—15 years,
with whole of study population, mean ages of 25.6, 27, and
32.8 years, respectively. One case—control study without
individual or mean-age data (Marco et al., 2012) identified
a group of 19 adults aged 22 years or older.

Studies collected data using diverse instruments to meas-
ure cognitive and psychological function. For example,
Behavior Rating Inventory of Executive Function—Adult
Version (Roth et al, 2005) and Toronto Alexithymia Scale-20
(Bagby et al., 1994) were employed to identify and describe
participants. Although cognitive and psychological deficits
are known to affect QoL for individuals with rare conditions
and disability, no studies examined QoL for adults with a
CCD. Neuroimaging identified individuals with complete
agenesis, partial agenesis, or hypoplasia of the corpus cal-
losum. Impacts typically overlapped, and symptomology
specific to each presentation was inconsistent. Therefore, in
this review, all presentations will be referred to individually
as a corpus callosum disorder (CCD) or collectively as cor-
pus callosum disorders (CCDs). Other assessments included
general intelligence, comprehension, communication, and
more specific tests of achievement. Assessments of autism
and personality traits were also reported in some studies.
Intelligence quotient (IQ) data were supplied in 36/38 stud-
ies. Most IQ measures were drawn from Weschler instru-
ments (Weiss et al., 2010). Thirty-three studies described
participants with average intelligence levels at or above the
accepted level for intellectual disability (i.e., FSIQ > 70).
Two case studies (Farchione et al., 2002; Popoola et al.,
2019) provided no measured intelligence data but noted
developmental delays affecting schooling. Swayze et al.
(1990), Pelletier et al. (2011), and Roxanas et al. (2014)
included participants with intelligence scores below the level
denoting intellectual disability (i.e., FSIQ <70).

Focus of studies

The following sections synthesize the key findings of the 38
included studies examining the cognitive and psychological
impacts of CCDs on adults (see Table 2).

Cognitive domain

For the purpose of this review, the cognitive domain refers
to the mental processes associated with acquiring, retaining,
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retrieving, and manipulating knowledge, generating under-
standing and problem solving, exercising judgment, imagin-
ing new possibilities, and the act of undertaking these pro-
cesses in everyday contexts. Twenty-nine studies examined
cognitive impairments and their impacts on adults with a
congenital CCD, with twenty focusing on language. Adults
with a CCD were reported to experience diverse impacts,
with impairments in linguistic and emotional processing,
learning and memory, attention, executive function, social
cognition, and complex reasoning.

Language
Lateralization

The development of language is a key cognitive function
in humans. Language lateralization is the understanding
that language is essentially processed in the left hemisphere
of the brain (Gazzaniga et al., 1962). Although advances
in technology are ameliorating understanding, researchers
have debated whether language processing is dependent
upon interhemispheric transfer via the corpus callosum.
Three studies (Jeeves & Temple, 1987; Ocklenburg et al.,
2015; Pelletier et al., 2011) reported a degree of hemispheric
autonomy, in contrast with four studies (Hearne et al., 2017,
Hinkley et al., 2012, 2016; Paul et al., 2003) reporting that
a CCD impairs hemispheric function required for language
lateralization. However, each of these studies noted that fur-
ther research is warranted.

Jeeves and Temple (1987) hypothesized that callosal
absence was not the cause of language impairment and that
some individuals with a CCD would have no language defi-
cits. They examined the function of the corpus callosum in
processing language of two adults with a CCD, replicating a
single participant case study of an adult with language defi-
cits (Dennis, 1981). While two of the three total participants
displayed a range of deficits, one performed well in almost
all language tests. Jeeves and Temple (1987) surmised that
their data suggested that the corpus callosum was not essen-
tial for normal development of certain functions of language.
However, the authors acknowledged their findings did not
definitively refute the hypothesis that the corpus callosum
is integral in lateralization and regarded it as an unresolved
issue requiring further investigation.

Pelletier et al. (2011) conducted a functional magnetic
resonance imaging (fMRI) study of six adults with a CCD
and two control groups. Control group 1 was matched on
1Q, age, and education, with group 2 comprising younger
participants with a high 1Q, controlling for variables known
to affect lateralization, including increasing age and lim-
ited cognitive abilities (Lebel & Beaulieu, 2009; Szaflarski
et al., 2006). Receptive and expressive speech, syntactic
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decision-making, story-listening, and verbal fluency tasks
were examined. Results indicated no difference in lateraliza-
tion between the participants with a CCD and control groups
in receptive speech. A minor difference was observed in
expressive speech results between participants with a CCD
and the high-IQ control group. The authors surmised that
the corpus callosum is not essential to establish lateralized
functions of language and that language develops bilater-
ally in the acallosal brain. Supporting Pelletier’s hypothesis,
Ocklenburg et al. (2015) applied a dichotic listening task to
adults with a CCD and matched controls to assess differ-
ences between simple and complex interhemispheric inte-
gration. Communication between the brain hemispheres was
found to be substantially altered and significantly reduced in
adults with a CCD. The hemispheres in the acallosal brain
appeared to operate more independently, suggesting a higher
degree of hemispheric autonomy. However, due to the small
sample, no correlation coefficients reached significance.
Therefore, it was not conclusively determined that the cor-
pus callosum is not essential to lateralization.

In contrast to the findings of Jeeves and Temple (1987),
Pelletier et al. (2011), and Ocklenburg et al. (2015), four
studies investigating communication deficits in groups of
adults with average-range 1Q indicated that corpus callo-
sum disruption may affect hemispheric language process-
ing (Hearne et al., 2017; Hinkley et al., 2012, 2016; Paul
et al., 2003). In a case—control study with adult males with
a CCD and matched controls, Paul et al. reported significant
deficits in responding accurately to non-literal language, for
example, proverbs or idioms. Additionally, difficulties were
reported in tasks requiring interhemispheric linguistic pro-
cessing, such as generating a meaningful explanation for
proverbs, processing emotional prosody (indications of atti-
tude), and recognizing meaning of non-literal expressions.

Two studies by Hinkley et al., (2012, 2016) employed
functional neuroimaging to measure ipsilateral (same side)
and contralateral (opposite side) hemispheric neural activity
and connectivity in brains of participants engaged in lan-
guage reasoning tasks including speech preparation, speech
execution, and language processing. Using magnetoencepha-
lography (MEG), Hinkley et al. (2012) assessed problem
solving and verbal processing speed. Results comparing
18 adults with a CCD and 18 neurotypical matched con-
trols reported compelling evidence that functional interac-
tions are affected within and between brain hemispheres in
the absence of a fully formed corpus callosum. Analyzing
linguistic tests and high-resolution MEG results, Hinkley
et al. (2016) compared adults with a CCD with neurotypi-
cal controls, reporting that participants with a CCD may
have bilaterality or right hemisphere dominance. The authors
found that the efficacy of specific brain regions, for example,
language processing areas in the left hemisphere, is affected
by poor functional connectivity in the absence of a corpus

callosum. They concluded that a CCD impairs verbal perfor-
mance, with the corpus callosum helping to drive language
lateralization (p. 4522). Although definitive understanding
of the relationship between corpus callosum anomalies and
lateralization is not yet fully established, the studies indi-
cated that left hemispheric lateralization is associated with
normal corpus callosal development.

Linguistic Processing and Comprehension

Six studies examined expressive and receptive linguis-
tic processing (Barker et al., 2021; Brown & Paul, 2000;
Brown et al., 2005a; Paul et al., 2003; Rehmel et al., 2016;
Symington et al., 2010). Adults of average intelligence and
diagnosed with a CCD displayed little or no significant dif-
ference from normative levels or controls in comprehension
of simple or literal language. However, when faced with
novel aspects, increased linguistic complexity in non-literal
interpretations, non-verbal language, and second-order
reasoning (finding meaning where it is not immediately
obvious), adults with a CCD typically exhibited significant
impairment.

Results in two studies employing the Gorham Proverb
Test (1956) and Delis—Kaplan Executive Function System
(Delis et al., 2001) indicated deficits in complex linguis-
tic reasoning (Brown & Paul, 2000; Rehmel et al., 2016).
Participants were unable to generate appropriate answers
or accurately identify meaning, and significant impairment
was noted in non-literal elements. Deficits were evident in
understanding and recognizing the elements that make up
linguistic prosody (rhythm, pitch, intonation, and timing).
Barker et al. (2021) compiled the first known profile of an
adult with a CCD, a superior IQ and partial rhombencepha-
losynapsis (fusion of the cerebellar hemispheres). Problems
were evident with selection and generation of ideas, pre-
senting as verbal adynamia (reduced spontaneous speech),
suggesting that interhemispheric transfer is a key factor for
spontaneous speech production and dynamic aphasia may
be associated with CCD.

Paul et al. (2003) utilized the Formulaic and Novel Lan-
guage Comprehension Test (Kempler & Van Lancker Sidis,
1996) to measure the use of pragmatic (practical) and para-
linguistic (nonverbal) language of 10 adult males of average
intelligence. When compared with matched controls, results
were similar for comprehension of literal aspects. However,
for non-literal elements, adults with a CCD displayed sig-
nificant impairment with deficits in understanding proverbs
and recognizing linguistic prosody. Symington et al. (2010)
further supported these findings in a study employing the
Thames Awareness of Social Inference Test (McDonald
et al., 2003). Adults with a CCD displayed deficits in com-
prehension of the more complex, second-order meanings
of prosody and interpreting body language. Examining
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non-literal figurative and metaphorical language interpre-
tation and comprehension of humor, Brown et al. (2005a)
reported that adults with CCD demonstrated significant
deficits.

Learning and Memory-Auditory, Visual, and Verbal

Four studies reported difficulties with learning and memory
involving encoding, retention, and retrieval of language.
Results of the California Verbal Learning Test — Second
Edition (Delis et al., 2000) for a group of 26 adults with a
CCD (Erickson et al., 2014) and a single-participant case
study (Cavalari & Donovick, 2015) indicated deficits in the
amount of verbal information recalled and elaboration of
verbal information (the capacity to draw inferences within
the brain’s knowledge base). Both studies noted deficits
causing delayed recall of verbal information and difficulty
learning new information. Cavalari and Donovick sug-
gested this as a cause for weakness in spelling and reading.
Employing the Wechsler Memory Scale (Weiss et al., 2010),
Paul et al. (2016) compared adults with CCD with matched
controls, identifying delays in auditory, visual, and verbal
memory particularly in recalling verbal story content and
faces. Using MEG technology, Hinkley et al. (2016) sub-
stantiated these findings, suggesting correlations between
disrupted corpus callosum connections and impaired verbal
performance in acallosal participants.

Attention

Brown et al. (2020) used the Conners’ Continuous Perfor-
mance Test II (Conners, 2000) to measure attention, impul-
sivity, and vigilance and assess whether related deficits were
symptomatic of a CCD. Results for adults with a CCD noted
reduced levels of sustained attention and difficulties main-
taining response inhibition when compared with normative
levels. Overall analysis concluded that adults with a CCD
experience moderate difficulties in sustaining attention, par-
ticularly in the areas of vigilance and maintaining response
inhibition and more notably in young males.

Executive function

Executive function is the skill set used to effectively perform
everyday activities. It involves working memory, flexible
thinking, and self-control, combining multiple, high-level,
cognitive skills to manage learning, work, and life (Ander-
son, 2008). Two case—control studies (Mangum et al., 2021;
Marco et al., 2012) and a single case study (Cavalari &
Donovick, 2015) reported deficits in executive functioning
in adults with a CCD. Impairments were attributed to slow
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cognitive processing, increased complexity of tasks, difficul-
ties with higher-order reasoning, poor self-awareness and
insight, and deficits in adequate basic reasoning skills when
applied to functional daily living tasks.

Social cognition

A total of 26 articles reported a range of cognitive diffi-
culties in communication, social cognition, and emotional
processing, causing psychosocial impacts affecting social
functioning in adults with a CCD. Impacts indicated poor
self-awareness and insight, in addition to difficulties with
reasoning and understanding humor, prosody, and paralin-
guistic language (body language and facial expressions).
Such challenges contributing to reduced social functioning
and mental health are reported in the psychological/psychi-
atric domain below.

Emotional processing

Anderson et al. (2017), Bridgman et al. (2014), and Sym-
ington et al. (2010) examined emotions in adults with
CCDs, concluding that adults with CCDs showed reduced
emotional intelligence, defined as “the ability to perceive
and express emotion, assimilate emotion in thought, under-
stand and reason with emotion, and regulate emotion in the
self and others” (Salovey & Mayer, 1990, p189). Adults
with CCDs exhibited impairments in facial recognition and
a lack of attention to the eye region when scanning faces
(Bridgman et al., 2014) and problems interpreting para-
linguistic cues (Symington et al., 2010). Anderson et al.
found that while adults with CCDs were able to identify
basic emotions in themselves and others, impairments
became apparent with more complex applications in social
interactions.

Problems identifying more complex emotions in them-
selves and others suggested an association between CCDs
and alexithymia, the inability to recognize and describe
one’s own emotions. Two case studies identified alexithymia
and reduced social function occurring with CCDs (Buchanan
et al., 1980; Lombardo et al., 2012). Paul et al. (2006) exam-
ined emotional arousal, with results suggesting associations
between corpus callosal disruptions and alexithymia. Paul
et al. (2021) employed the Toronto Alexithymia Scale-20
(Bagby et al., 1994) to measure alexithymia through iden-
tification, description, and expression of feelings. Results
showed that deficits in identifying and describing feelings
were more prevalent in adults with a CCD than matched con-
trols, indicating that the corpus callosum may play a criti-
cal role. The authors suggested that additional task-based
measures may further clarify the relationship.

In one of the few studies involving participants with
intellectual disability, Roxanas et al. (2014) described a
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26-year-old female (FSIQ 67) whose neurological assess-
ment results indicated mild intellectual disability with
impaired processing speed, poor working memory, and
difficulties understanding deception in social stories. Anti-
social and risky behaviors including chronic lying were
evident. Although anecdotal reports of chronic lying or
confabulation (relating untrue information without deceit-
ful intent or knowledge) have been described in individu-
als with a CCD, they are yet to be quantified (Wright,
2017).

Complex reasoning

Overall, studies consistently reported that adults with a
CCD, within the range of average intelligence, did not
differ significantly from matched controls without CCD
within simple language, learning, memory, and problem-
solving tasks. However, evidence of deficits and impair-
ment was more pronounced as cognitive tasks and pro-
cesses became more complex (Brown & Paul, 2000; Brown
et al., 2005a; Cavalari & Donovick, 2015; Erickson et al.,
2014; Hearne et al., 2019; Hinkley et al., 2012; Mangum
et al., 2021; Marco et al., 2012; Ocklenburg et al., 2015;
Paul et al., 2016; Rehmel et al., 2016; Renteria-Vazquez
et al., 2021). In simple language reasoning tasks, several
studies reported that participants with a CCD showed lit-
tle or no difference when compared with controls. How-
ever, with novel concepts, increased numbers of tasks,
and higher degrees of difficulty, reports consistently indi-
cated that deficits became more evident as task complexity
increased. Hearne et al. (2019) employed fMRI to meas-
ure brain activity of adult participants with and without
CCDs while engaged in nonverbal reasoning puzzles. In
adults with CCDs, processing speed slowed as the puz-
zles became more difficult, with a measurable reduction
in neural activity and connectivity. Although both groups
returned similar results in noncomplex tasks, as task com-
plexity was parametrically increased, performance of
adults with a CCD decreased.

In summary, the literature identified diverse cognitive
impacts, with findings reported in group studies typically
supporting measurement and observation in case studies.
Deficits were reported in complex problem solving, reason-
ing and concept formation, processing speed in expressive
and receptive language, academic performance, attention
and memory, repetitive behaviors, identifying and verbal-
izing emotions, understanding and applying social cues, con-
fabulation, and processing information about others. Studies
identified difficulties with emotional processing, for example
identifying emotions and using language to understand and
express emotion. Some conflation between cognitive issues
and psychological/psychiatric functioning and well-being
was evident and will be addressed in the following section.

Psychological/Psychiatric Domain

For the purpose of this review, the psychological domain
refers to patterns of thoughts, feelings, and emotions. The
psychiatric domain refers to mental, emotional, (neuro)
developmental, and behavioral disorders included in diag-
nostic manuals such as the American Psychiatric Associa-
tion’s (2022) Diagnostic and Statistical Manual of Mental
Disorders (5th ed.; text rev. DSM-5-TR) or the World Health
Organization’s (2019) International Statistical Classification
of Diseases and Related Health Problems (11th Ed.; ICD-
11). Thirteen articles examined adults diagnosed with a con-
genital CCD and at least one additional condition including
obsessive compulsive disorder (OCD), ADHD, depression,
anxiety, autism spectrum disorder (ASD), and schizophre-
nia. During revision of the previous edition, (DSM-4) the
DSM-5 Task Force and Work Groups noted that the classifi-
cations within and between many disorders can be fluid over
the life course in congruence with the overlapping sympto-
mology apparent in adults with CCD (Parker, 2014).

Psychiatric Presentations

Eight case-studies described individuals presenting to
clinical practices with psychiatric diagnoses including
schizophrenia (Chinnasamy et al., 2006; Simon et al., 2008;
Swayze et al., 1990), alien hand syndrome (Simon et al.,
2008), OCD (Farchione et al., 2002), psychosis (Bondade
et al., 2018), ADHD (Roxanas et al., 2014), and depression
(Bhattacharyya et al., 2010; Popoola et al., 2019; Swayze
et al., 1990). Following exploratory neuroimaging, all were
found to have a congenital CCD.

In three studies conducting neuropsychological assess-
ments of adults diagnosed with schizophrenia, Chinnasamy
et al. (2006), Simon et al. (2008), and Swayze et al. (1990)
reported weaknesses in cognitive, behavioral, and social
domains, prompting follow-up neuroimaging to investigate
possible neurological anomalies. They were subsequently
found to have undiagnosed congenital CCDs. Swayze sug-
gested that although research in this area was inconclusive,
a subset of individuals diagnosed with schizophrenia may
have congenital corpus callosum anomalies, warranting fur-
ther research. All authors emphasized the importance of neu-
roimaging for accurate diagnoses, while Chinnasamy et al.,
supported by Cavalari and Donovick (2015), emphasized
that the heterogeneity of impacts rendered individual profiles
essential for appropriate management.

Developmental Disorder: Autism
Four studies examined autistic traits in adults with a con-

genital CCD (Lau et al., 2013; Lombardo et al., 2012; Paul
et al., 2014; Renteria-Vazquez et al., 2021). Employing the
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self-reporting Autism Spectrum Quotient (Baron-Cohen
et al., 2006), Lau et al. identified autistic traits exceeding the
ASD screening cut-off in 18% of adults with a CCD com-
pared to 2.3% of adult controls. They stated the importance
of seeking autism screening for adults with a CCD who dis-
played repetitive behaviors and deficits in social skills and
communication. Conversely, for adults diagnosed as autis-
tic, neuroimaging exploring structural etiology is important
to identify possible corpus callosum structural alterations.
The prevalence of congenital corpus callosum anomalies in
adults diagnosed with ASD is unknown (Lau et al., 2013).

A study by Paul et al. (2014) involving adults with a CCD
and autistic adults found that assessment of autistic criteria,
reported by adults with a CCD, differed from proxy reports
by their parents. Results indicated that 8/26 adults with a
CCD met the criteria for autism when assessed by the self-
reported Autism Diagnostic Observation Schedule (Lord
et al., 2000) and clinical presentations. Subsequent addition
of recollective parental reports available for 22/26 adults
with a CCD reduced the number who formally met the ASD
criteria to 3/22 (four were unavailable). The authors asserted
that the discrepancy in information that reduced the number
of adults meeting an ASD diagnosis potentially denied them
access to support that such a diagnosis can offer.

Lombardo et al. (2012) compared one male diagnosed
with a CCD and ASD with adults with ASD (without CCD)
and 30 neurotypical controls. Across a range of self-refer-
ential cognition and empathy measures, social difficulties
were typically more pronounced in the individual and the
ASD group when compared with controls. However, overall
results for the adult with a CCD indicated more significant
deficits in memory sensitivity and processing social-cogni-
tive information about other people when compared with
both groups. Results of measuring social inferences and
imagination in groups of adults with a CCD, adults with
ASD, and controls by Renteria-Vazquez et al. (2021) sup-
ported these findings. Adults with ASD and CCDs displayed
“impoverished social imagination and attribution of mental
states” (p. 577).

Psychosocial Impacts

The APA dictionary of psychology (2022) defines psycho-
social as “the intersection and interaction of social, cultural,
and environmental influences on the mind and behavior.”
Psychosocial issues associated with deficits in emotional
and cognitive processing might underpin emergent psy-
chological/psychiatric problems affecting physical and
mental well-being and effective interpersonal engagement.
Twenty-six studies identified problems with relationships
and social functioning caused by difficulties with emotional
processing and social cognition, contributing to associated
conditions such as anxiety and depression. In these results,
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we acknowledge that the domains of social cognition and
emotional regulation may be conflated, reflecting the het-
erogeneity of CCD impacts.

Communication deficits caused by reduced interhemi-
spheric processing of complex information were found to
result in misunderstandings and inappropriate social interac-
tions. Brown and Paul (2000) reported psychosocial impacts
evident during interpretation and generation of social narra-
tives requiring decoding (making sense of information) and
encoding (converting thoughts to communication). Young
et al. (2019) reported reduced interpretation of meaning and
use of fewer social and emotional insight words. Impair-
ments in social functioning were attributed to deficits in
skills requiring second-order reasoning, for example inter-
preting body language or other figurative language where
meaning is not immediately obvious.

Brown et al. (2000, 2005a, 2021), Mangum et al. (2021),
Paul et al., (2003, 2004), Rehmel et al. (2016), Renteria-
Vazquez et al. (2021), Symington et al. (2010), and Young
et al. (2019) examined a number of parameters directly
affecting social interaction. Adults with a CCD demonstrated
impoverished social norm perception and a greater rigid-
ity in adherence to learnt social norms (Brown et al., 2021;
Renteria-Vazquez). Difficulties were apparent in understand-
ing subtleties of social nuances. Adults with a CCD applied
significantly less imagination than neurotypical controls
when drawing inferences from nuances and paralinguistic
cues to interpret social norms. Additionally, adults with a
CCD experienced difficulties generating appropriate narra-
tives demonstrating understanding of complex social scenes
and deficiency in capacity to imagine the emotional and cog-
nitive consequences of their actions on others (Paul et al.,
2004; Renteria-Vazquez et al.). Comparing social percep-
tions of adults with CCDs with matched controls, Symington
et al. assessed capacity for judging the thoughts, feelings,
and intentions of others, providing insights into problems
with interpreting complex social situations. Again, capac-
ity for adults with CCDs was significantly reduced with
authors concluding that performance was affected by dif-
ficulties with second-order linguistic processing, interpreting
non-literal cues, and problems processing information from
multiple sources.

Reduced coherence of non-literal language cues, poor
recognition and inference of second-order meaning, and
lack of awareness of self and others compromise social
engagement. Compared with controls, adults with a CCD
were significantly less discerning of the thoughts and inten-
tions of others, with poor elaboration of complex and novel
social interactions (Renteria-Vazquez et al., 2021). Parents
described their adult children as missing the point of sub-
tle language in stories and jokes and having poor social
judgment (Brown & Paul, 2000). Barnby et al (2022) have
reported significantly increased credulity, persuadability,
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and susceptibility to social trickery in adults (n=22) with
a CCD when compared with neurotypical controls (n = 86),
increasing the risk of social exploitation. Consistent with
results in the cognitive domain, studies indicated that psy-
chosocial difficulties increased as social skills and interac-
tions became more complex, affecting relationships and
social capacity. A diversity of psychological/psychiatric
impacts is compounded by the heterogeneity of presenta-
tions affecting adults with a CCD.

Discussion

This scoping review synthesizes the evidence of the cogni-
tive and psychological impacts of CCDs among diagnosed
adults. Thirty-eight quantitative, peer-reviewed articles from
1980 to 2021 employed a range of psychometric measures to
examine how adults with congenital CCDs compared with
matched controls or normative levels. The introduction of
MR neuroimaging in 1980, combined with expanding sam-
ple sizes in the decades that followed, ensured more precise
interrogation of earlier hypotheses. Gazzaniga et al. (1962)
examined impacts of surgical disconnection of the hemi-
spheres (split brain), concluding that although they did affect
interhemispheric communication it did not cause disability.
David (1992) compared interhemispheric transmission of
“acallosals” (n=3) with “normals” (n=46), concluding
that caution was required when interpreting the acallosals’
performance. Brown and Paul (2000) documented a range
of impacts found in two adults with a CCD, establishing
a foundational springboard for much of the ensuing CCD
research. As such, knowledge of the causes, presentation,
and impacts of CCDs has continued to expand, with extreme
heterogeneity presenting challenges to accurate prognosis
and expedient intervention.

The absence of a synthesis of literature specific to
impacts on adults with congenital CCDs motivated this
review. Examination of the 24 group studies and 14 single-
or dual-participant case studies revealed diverse impacts of
congenital CCDs on cognitive and psychological/psychi-
atric functioning for adults. Challenges were compounded
by heterogeneity, difficulties gaining a definitive diagnosis,
and diagnostic overshadowing. More evidence is nonethe-
less required to inform policy and practice to better support
adults with CCDs.

Cognitive and Psychological Function

Researchers have debated on the role of the corpus callosum
in language processing, with some studies surmising that the
corpus callosum was not essential to develop lateralization and
other language function. However, studies with larger samples,

employing functional imaging techniques, produced more sub-
stantive results. They surmised that although language is pro-
cessed within and between the hemispheres, corpus callosum
disruption affects language processing and language lateraliza-
tion, reporting greater deficits in interhemispheric communica-
tion identified in tasks requiring processing of complex language
and problem-solving.

Processing delays were identified with encoding, retention,
and retrieval of language. Although most participants were of
average intelligence, academic performance was often incon-
sistent, indicating significant weakness in one or more key
academic areas. Across the studies, adults with CCDs were
consistently reported to successfully complete simple tasks
but experienced greater difficulty as complexity increased.
Adults with a CCD understood literal meanings but displayed
deficits in more complex language containing expressive and
receptive non-literal or second-order meanings. Impairments
were apparent in linguistic processing, novel problem-solving,
learning, memory, attention, executive function, and social
interaction, with deficits evident in tasks involving under-
standing and interpreting proverbs, humor, metaphors, social
vignettes, idioms, and paralinguistics.

Social communication difficulties were evident with lin-
guistic processing of elaborative language, non-literal lan-
guage, and prosodic emotional cues; all of which are impor-
tant elements for effective social communication (Blasko &
Kazmerski, 2006; Thoma & Daum, 2006). Delayed and inac-
curate processing of receptive and expressive language inhib-
ited successful learning and relationships. Despite individu-
als having adequate basic language skills, results indicated a
range of deficits in the interpretation of language of others and
the capacity for participants to express their own thoughts and
emotions, creating psychosocial challenges. Similar findings
have been reported in children with a CCD (Moes et al., 2009;
Siffredi et al., 2018). Although subtle symptoms in children
may be overlooked when cognitive and psychosocial demands
are less complex, such deficits create barriers for adults to
appropriately meet the demands of executive functioning,
personal independence, and societal expectations (Dunkel &
Harbke, 2017; Mithen et al., 2015).

Processing complex narratives is a predictor of children’s
future academic achievement and cognitive gains (Fivush
et al., 2006; Plotka & Wang, 2019). In this review, adult par-
ticipants with a CCD reported a history of delays in child-
hood and adolescence, including language, educational mis-
understanding, and inadequate recognition of CCDs. During
adolescence, the corpus callosum is instrumental in meet-
ing the growing demands of increasingly complex cerebral
processing required in educational and social environments.
This is typically a time when individuals with a CCD notice-
ably fall behind their peers (Brown & Paul, 2019; Chavarria
et al., 2014; Genc et al., 2018). Inadequate formal support in
childhood significantly impairs language, memory, literacy,
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and social interaction, with failure to intervene often driven
by the unfounded assumption that language, literacy, and
other educational and social needs would simply resolve
themselves in adulthood (Clegg et al., 2005). Lack of inter-
vention and support contributes to inadequate preparation
for the complex demands of adulthood, causing significant
social difficulties in independent living and maintaining
relationships and employment, in addition to developing
mental health and psychiatric issues (Clegg et al.). Impacts
of complex cognitive and psychosocial challenges become
more pronounced for adults with a CCD as expectations of
functioning with greater independence increase (Austral-
ian Disorders of the Corpus Callosum 2020; Brown and
Paul; Maxfield et al., 2021). As suggested by Roxanas et al.
(2014) and Renteria-Vazquez et al. (2021), proficiency in
performing simple social tasks does not always translate to
the more complex inferential social skills required for the
development of socially inclusive relationships. Compan-
ionship is noted as an important factor in alleviating stress
and enhancing well-being for people with rare conditions,
and compromised social functioning presents risk factors
for exclusion and isolation (Bryson & Bogart, 2020).There-
fore, psychosocial impairments in adults with a CCD that
affect engagement in socialization and relationships are of
concern.

Heterogeneity and Misdiagnosis

At a functional level, the consequences of misinterpreted
heterogeneity produced anxiety, fatigue, poor self-esteem,
and social isolation for adults who presented in the aver-
age intelligence range but were often misunderstood. Self or
proxy descriptions of one or more of these problems were
mentioned in 16 studies. As such, in addition to the afore-
mentioned functional impacts, adults with a CCD contend
with diagnostic delays, misdiagnosis, and dismissive atti-
tudes from professionals informed by inadequate resources
and confounded by complex, heterogeneous CCD symp-
tomology (Jeeves, 1965; Maxfield et al., 2021; Paul et al.,
2007; Schilmoeller & Schilmoeller, 2000). For individuals
with rare conditions, experiences of professional consulta-
tions with inaccurate resources and practices create stigma,
mental and physical harm, and exclusion (Anderson et al.,
2013; Bryson & Bogart, 2020; Molster et al., 2016; Zuryn-
ski et al., 2017). Drawing from Jeeves (1965), some medi-
cal professionals perpetuate a persistent myth, advising
individuals and their families that “there are thousands of
perfectly normal people walking around with no corpus cal-
losum” (Schilmoeller & Schilmoeller, 2000 p. 225), despite
evidence to the contrary (O’Brien, 1994; Schilmoeller &
Schilmoeller, 2000).

Subsequent delays, lack of intervention, and inconsistent
guidelines compound issues for adults with CCDs and their
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families, clinicians, educators, and researchers. Although
posing a wicked public health problem, the most signifi-
cant problems are experienced by the adults themselves. If
heterogeneity is not recognized and understood by policy,
procedural, and professional support, adults with a CCD
face the risk of chronic mismanagement. Consequently, this
potentially affects personal independence, safety, employ-
ment, and social inclusion, risking mental health and well-
being and creating barriers to acceptable QoL.

Overlapping Symptomology and Psychiatric
Diagnoses

Individuals with mental illness have greater levels of unmet
physical and mental health needs compared to the general
population. It is well established that people with mental
health diagnoses have significantly higher medical comor-
bidity and reduced life expectancy (Jones et al., 2008;
Walker et al., 2015). Adults with CCDs who experience
psychological/psychiatric impacts such as depression, anxi-
ety, schizophrenia, poor mental health, and autistic traits are
at risk of additional complications (Compton et al., 2008;
Yamamoto et al., 2014; Zhao et al., 2017). Opportunities for
independence and embodied social connections are dimin-
ished, exacerbating isolation (Pellicano et al., 2021).

Neuroimaging has revealed microstructural alterations in
corpus callosum morphology, associated with schizophrenia
in individuals who do not have a congenital CCD (Kelly
et al., 2018; Walterfang & Velakoulis, 2014). The world’s
first large-scale meta-analysis by the Enhancing Neuro Imag-
ing Genetics through Meta Analysis (ENIGMA) consor-
tium confirmed white matter alterations in individuals with
schizophrenia (Kelly et al., 2018). Additionally, evidence
indicates links between impoverished corpus callosal con-
nections with alterations in shape and volume of the corpus
callosum, and diagnoses including autism, ADHD, anxi-
ety and depression, and schizophrenia (Kelly et al., 2018;
Koshiyama et al., 2020; Moreau et al., 2020, 2021; Valenti
et al., 2019; Walterfang & Velakoulis, 2014; Walterfang
et al., 2009a; Walterfang et al., 2009b). Reasons suggested
to explain overlapping symptomology among associated
psychiatric diagnoses are altered morphology specifically in
the corpus callosum of individuals without a CCD or shared
genetic etiology for CCDs, autism, ADHD, and schizophre-
nia (Koshiyama et al., 2020; Moreau et al., 2020, 2021; Paul
et al., 2014; Sherr, 2003).

Regarding corpus callosum disconnection specifically,
the broad and complex areas of psychiatry include a body
of earlier research around surgical disconnection in addi-
tion to more current investigations of surgical and congenital
disconnection (David, 1994; Gazzaniga et al., 1962; Kelly
et al., 2018; Koshiyama et al., 2020). David (1994) sug-
gested that brain maturation may cause the emergence of
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a structural corpus callosum abnormality that has lain dor-
mant. Taylor and David (1998) examined 56 children and
adults with agenesis of the corpus callosum, half of whom
were diagnosed with intellectual disability (ID). One-third
of adults with a CCD presented with psychiatric disorders,
including psychosis (n=3), depression/anxiety (n=35),
and lack of impulse control (n=4), suggesting a potential
causal association. However, these data were drawn from
psychiatric patients presenting to the British Neurological
Surveillance Unit (BSNU) neuropsychiatric and neurologi-
cal clinics, posing limitations in this study (which was not
included for review).

Although neurodevelopmental disorders, mood disorders,
anxiety, depression, and schizophrenia are reported in adults
with congenital CCDs, further research is needed to conclu-
sively explain their comorbidity. There is limited evidence
as to whether a congenital CCD poses an increased risk for
adults to develop psychotic disorders such as schizophrenia.
There are no known cross-disorder, large-scale meta-anal-
yses within the CCD population (Koshiyama et al., 2020;
Lee et al., 2020). Walterfang and Velakoulis (2014) suggest
that more comprehensive whole-of-brain/illness studies may
determine whether the corpus callosum is “the ‘seat’ of the
illness or merely its reflector” (p. 11). However, all psychi-
atric diagnoses can present similar outcomes such as social
stigma and unmet support needs.

Diagnostic Overshadowing

Experiences of societal discrimination and unsupportive
attitudes from professionals typically cause individuals to
avoid disability and healthcare interventions (Thornicroft,
2003). For adults with a CCD, one cause may be a type
of diagnostic overshadowing, occurring when professionals
restrict their considerations during the assessment process
and consequently attribute symptoms (and behaviors) to
a more commonly observed associated diagnosis such as
autism, intellectual disability, anxiety, depression, and schiz-
ophrenia, (Booth et al., 2011; Levitan & Reiss, 1983). When
adults with a CCD present with few discernible impacts and
a scant documented history, CCD symptoms and needs may
be misinterpreted or disregarded in favor of a focus on more
familiar diagnoses such as autism, ADHD, and alexithymia.
While an autism diagnosis currently gains better access to
systemic disability support, it can overshadow recognition
of broader, heterogeneous CCD impacts (Booth et al., 2011;
Valenti et al., 2019). Clinicians adopting a multidimensional
approach that considers heterogeneity and cognitive com-
plexity would improve management and support for adults
with a CCD. With a more holistic approach, the medical
odyssey of accurate CCD diagnosis that can take months
or even years could be minimized to elicit more appropri-
ate management outcomes. The heterogeneity of CCDs and

paucity of knowledge highlight the need for research to fur-
ther examine comorbid psychopathologies in a diverse CCD
cohort.

Although some psychological symptoms may emerge
in childhood, challenges typically escalate for adults, with
demands of independence such as sustaining relationships
and employment. Complex hidden disabilities and rare con-
ditions hinder functional capacity, leading to exhaustion, iso-
lation, and exclusion (Arnold et al., 2019; Bogart & Irvin,
2017; Pellicano et al., 2021). When undiagnosed individuals
present with mood, developmental, and behavioral disorders,
neuroimaging is warranted to identify or eliminate undiag-
nosed CCDs. This review highlights the importance of rec-
ognizing and supporting adults with CCDs who are at risk
of developing psychiatric and other mental health disorders.

Limitations and Implications for Future
Research

This review included literature spanning 4 decades, dur-
ing which technological advances have enabled significant
improvements in diagnostic accuracy. Most studies were
conducted in the USA (27/38), with several recruiting
from intersecting participant databases, presenting possible
recruitment bias. All studies were in English and quantita-
tive. The self-reported experience of those with CCD was
not considered. Participants were generally drawn from
homogenous populations with minimally identifiable ethnic
diversity. Diversity in future research may be strengthened
by such collaborative global consortia as ENIGMA, The
Cognitive Genetics Collaborative Research Organization
(COCORO), and the International Research Consortium
for the Corpus Callosum and Cerebral Connectivity (IRC).

Most studies (33/38) specified participants within an
average intelligence range, spanning FSIQ of 80 or above,
specifying avoidance of possible confounding effects of ID
as their rationale. Increased representation of adults with
ID is vital to accurately represent the diversity of the com-
munity of adults with CCD. Although numbers indicated an
over-representation of male participants, some individuals
were represented in multiple studies with insufficient quan-
tifying data available for gender analysis.

No studies specifically examined QoL. Nonetheless,
with reduced cognitive and psychosocial functioning and
the effect of heterogeneity of CCDs on definitive diagno-
sis and appropriate supports, it is reasonable to expect that
CCDs also affect QoL, warranting further investigation.
Future CCD research would also benefit from qualitative
methodology incorporating phenomenological and partici-
patory paradigms. The most effective means to learn more
about the lives of people is to involve and ask those who are
actually living them.
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