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Abstract

Autism spectrum disorder (ASD) is a neurodevelopmental disorder with increasing prevalence, and a male-to-female ratio
of 4:1. Research has been suggesting that discrepancy in prevalence may be due to the fact that females camouflage their
symptoms. In this study, we aimed to systematically review evidence on the camouflage effect in females with ASD. Follow-
ing the PRISMA guidelines, we reviewed empirical research published from January 2009 to September 2019 on PubMed,
Web of Science, PsychInfo and Scopus databases. Thirteen empirical articles were included in this review. Overall, evidence
supports that camouflaging seems to be an adaptive mechanism for females with ASD, despite the negative implications of
these behaviours in their daily life.
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Autism spectrum disorder (ASD) is characterized by the
presence of core impairments in neurodevelopmental areas
as communication and social interaction, restricted, repeti-
tive and inflexible behaviours, interests and activities and
sensory-perceptual alterations (American Psychiatric Asso-
ciation [APA] 2013). ASD has an overall prevalence of 16.8
cases per 1000 (Baio et al. 2018). ASD is diagnosed between
3 to 4 times more in males than in females (Baio et al. 2018),
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depending on the used estimates (e.g., active and passive
case ascertainment studies), suggesting a possible diagnostic
gender bias, making girls less prone to be misdiagnosed,
diagnosed at later ages or even missing out a clinical ASD
diagnosis (Loomes et al. 2017).

Sex-differences have been observed in relation to the
prevalence of ASD diagnosis in females (Giarelli et al. 2010;
Begeer et al. 2013; Rutherford et al. 2016; Rabbitte et al.
2017; Ratto et al. 2018), which may be associated with dis-
tinct autistic traits in females, with some studies referring
the existence of a specific “female phenotype of autism”
(Kopp and Gillberg, 2011; Lai et al. 2015; Bargiela et al.
2016). Some different lines of evidence have been docu-
mented that support different clinical presentation of autistic
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traits in females. According to the Fifth Edition of the Diag-
nostic and Statistical Manual of Mental Disorders (5th ed.;
DSM-5; APA 2013) females with an ASD diagnosis often
exhibit more severe symptoms and more comorbidities (such
as intellectual disability [ID] or epilepsy) in comparison to
males (Loomes et al. 2017; Ratto et al. 2018). In accordance,
when ID is observed in females with ASD, a more balanced
gender ratio is observed, suggesting that normal or border-
line 1Qs makes females less prone to be diagnosed with ASD
(Loomes et al. 2017).

Lai et al. (2011) suggested that differences between
males and females in regards to the ASD diagnosis seem
to be mediated by many biological and cognitive causes,
such as: (a) cognitive development differences, as females
seem to present better visual skills and higher scores in IQ
(Lai et al. 2015); (b) the fact that females can be protected
by innate mechanisms, for example, sex-steroid hormones
(Werling, 2016); (c) differences in empathizing and system-
izing, as females seem to be more empathic because of social
compensatory skills and/or (d) the camouflaging of ASD
core symptoms. In accordance, Lai et al. (2015) suggested
a female phenotype of ASD based on the ability to camou-
flage their autistic symptoms. It is likely that females are
more socially competent as they camouflage autistic symp-
toms, which can lead to a late diagnosis or even to remain
undiagnosed.

Camouflaging consists of complex copying behaviours
and/or masking some personality traits with an adaptive
function that promotes adjustments into specific environ-
mental demands, which is a very common trait in high func-
tioning females with ASD (Lai et al. 2011, 2015; Mandy
et al. 2012; Lai and Baron-Cohen 2015; Baldwin and Cost-
ley 2016; Bargiela et al. 2016; Tint and Weiss 2018). Cam-
ouflaging occurs more commonly in social situations, but it
is not restricted to them.

Although the effect of camouflage is understudied, we
can find references to this concept in the literature as copy-
ing (Lai and Baron-Cohen 2015), masking (Lai et al. 2015;
Baldwin and Costley 2016; Bargiela et al. 2016; Mandy
2019) compensation (Mandy et al. 2012) or imitation (Lai
and Baron-Cohen 2015). Of note, camouflage differs from
imitation processes observed in typically developing chil-
dren, who use this to learn social skills from the environment
and others (Bandura and Walters 1977). Contrarily, children
with ASD use social imitation as camouflage to participate
in social interactive situations and to be accepted by their
peers (Lai and Baron-Cohen 2015).

To the best of our knowledge, Kopp and Gillberg (1992)
were the first authors that associated these imitation skills
(the basis of camouflaging abilities) with the singularity of
a female phenotype of autism (more competent in social
contexts), observed in a small sample of females diagnosed
with high-functioning ASD. Because of their characteristics,

females in this study were late diagnosed (around 6 to over
8 years old), as they did not meet all ASD diagnostic criteria.

A recent review (Lai et al. 2015) summarized the ASD
sex-differences in relation to social interaction. The authors
reported that females were more socially competent and
presented more communicative skills than males, referring
that the desire to interact with others could be one possible
explanation for the camouflaging behaviour (Lai et al. 2015).
Additionally, Lai and Baron-Cohen (2015) suggested that
females with ASD learn social and communicative skills
through the imitation of their peers, predominantly in social
environments. This seems to be further supported by the fact
that females with ASD tend to present restricted interests
related to social stimuli, in comparison to males with ASD
(Lai et al. 2015). For example, they seem to prefer people,
animals or music instead of trains or traffic lights.

In addition, females with ASD seem to be more prone
to experience increased levels of internalizing symptoms
(as loss of self-esteem) and exhibit more emotional disor-
ders or alterations, such as depression or anxiety (Mandy
et al. 2012; May et al. 2014). Nevertheless, research regard-
ing a possible ASD female phenotype needs to be further
addressed (Bargiela et al. 2016).

Empirical evidence suggest that health professionals may
be unfamiliar with ASD symptomology in females, espe-
cially those without ID (Ratto et al. 2018; Tint and Weiss
2018). Hence, the lack of specialization related to ASD diag-
nosis in females (Tint and Weiss 2018; Young et al. 2018)
associated with the absence of sex-appropriated diagnostic
criteria (Ratto et al. 2018; Young et al. 2018), the impar-
tiality of parents and teachers (Young et al. 2018) and the
limitations of diagnostic tools (Lai et al. 2011; Kreiser and
White 2014; Ratto et al. 2018; Young et al. 2018) seem to
be contributing to the observed absence of an ASD diagno-
sis in females who camouflage their symptoms. This is also
hampered by the fact that some diagnostic instruments are
oriented towards a typical ASD symptomatology presenta-
tion, reflected on the diagnostic criteria for this disorder: a
young boy, male, with severe impairments in several areas
of development.

These highly restricted criteria may exclude young
females and adults (males and females) with high function-
ing autism, whose characteristics do not meet the criteria for
the ASD diagnosis (Lai and Baron-Cohen 2015; Ratto et al.
2018). However, advances in targeting these difficulties have
been observed. For instance, the emergence of clinical set-
tings specialized in females with ASD and the development
of specific questionnaires aiming at measuring ASD traits
in females, such as the Questionnaire for Autism Spectrum
Conditions (Q-ASC), which includes more gender-sensitive
criteria (Ormond et al. 2018) and the Camouflaging Autistic
Traits Questionnaire (CAT-Q) (Hull et al. 2019) that meas-
ures camouflage behaviours, have been implemented.
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Another important limitation is related to mixed evi-
dence in the study of females’ ASD phenotype (Young et al.
2018). Usually, females enrolled in empirical research have
an ASD diagnosis based on the diagnostic criteria derived
from males’ ASD phenotype. In this sense, current evidence
regarding females’ ASD phenotype may not be representa-
tive of possible behavioural and symptomatologic differ-
ences from typical ASD (Hiller et al. 2014).

Yet, while it remains an understudied process, camouflag-
ing may have several negative implications for females with
an ASD diagnosis (or for those who have not yet been diag-
nosed), which we aim to describe in this work. Therefore,
we systematically reviewed studies focused on the social
camouflage effect in females with ASD. To clearly under-
stand the specificities of the ASD diagnosis in females we
will discuss the evidence regarding the camouflage effect,
its causes and consequences, and how it can inform parents,
health professionals and the community about the distinct
autistic traits that are present in females with the disorder.

Method
Instrument

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist guidelines
(Moher et al. 2015) to perform this systematic review. We
selected the following electronic databases for searching:
PubMed, Web of Science, Psychlnfo and Scopus.

Design

Two filters were selected in all search databases: (1) stud-
ies published between January 1st 2009 to September 30th
2019 and (2) English as language of publication. The fol-
lowing search terms/combinations were used: ("autism" OR
"asd" OR autis* OR "asperger") AND ("gender" OR "girls"
OR "woman" OR "women" OR "female*" OR (sex AND
difference*)) AND (camoufla* OR mask* OR copy* OR
compensat®* OR imitat*).

Studies were screened and discarded based on the follow-
ing exclusion criteria: (a) not published in scientific journals,
(b) different format than empirical paper or short communi-
cation (i.e., book chapters, reviews, meta-analysis, congress
abstracts, letters to the editor, case reports...), (¢) not using
human samples, (d) not focused on ASD or Asperger and (e)
not focused on the study of camouflaging, masking, compen-
sation, copy or imitation with ASD individuals.

Hence, the following eligibility/selection criteria were
applied: (a) studies focusing on camouflaging, masking,
compensation, copy or imitation effect of autistic symp-
toms in females, and (b) studies that included males and/
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or females with ASD or Asperger’s diagnosis established
by the fourth (DSM-IV and DSM-IV-TR) and fifth versions
(DSM-5) of the Diagnostic and Statistical Manual of Mental
Disorders of the American Psychiatric Association.

Results

A search of the databases resulted in 4536 studies. After the
elimination of duplicated results, 3032 studies were selected
for title and abstract inspection. After applying exclusion
criteria, 47 studies were selected for complete reading. 34
papers were not included because the results did not meet the
eligibility criteria, as depicted in the flow diagram (Fig. 1)
and Supplementary Table. Thirteen studies were included
in this review (Table 1).

Characteristics of the selected studies are reported in
Table 1. Sample characteristics were heterogeneous across
studies: two included adolescent females with ASD (Tierney
et al. 2016; Cook et al. 2018); four included children with
ASD with (Head et al. 2014; Dean et al. 2017; Parish-Morris
et al. 2017) or without a control group (Rynkiewicz et al.
2016); and seven included adult individuals diagnosed with
ASD with (Hull et al. 2019; Lai et al. 2019) or without a
control group (Lehnhardt et al. 2016; Hull et al. 2017; Lai
et al. 2017; Cage and Troxell-Whitman 2019; Schuck et al.
2019). Three out of the 13 selected studies used a qualita-
tive approach to investigate the camouflaging phenomenon,
while the remaining used quantitative analytic methods.

Causes of Camouflaging

Camouflaging is a complex mechanism with possible causes.
One of them may be related to social expectations. Indeed,
females (with or without ASD) seem to endure more social
pressure as they are expected to hide their autistic traits and
satisfy the expectations of society based on their gender-
role (Head et al. 2014; Cage and Troxell-Whitman 2019;
Hull et al. 2019). Camouflaging may, then, arise to face
those social expectations and diminished possible feelings
of stress or rejection by peers and/or being misunderstood
by others (Tierney et al. 2016). Nevertheless, females diag-
nosed with ASD seem to willingly establish friendships with
their peers, despite their limitations in communicating or
difficulties in maintaining social relationships (Tierney et al.
2016; Cook et al. 2018).

Females with ASD usually report feelings of loneli-
ness and isolation resulting from bullying or ostracism,
among other situations (Cook et al. 2018). In light of this,
they seem to develop high-level strategies to fit into social
environments, such as imitation of their peers or the mask-
ing of their autistic traits (Schuck et al. 2019). Therefore,
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1504 duplicated records excluded

2985 records excluded
Exclusion criteria:
- 28 not found

- 18 not published in scientific
journals
- 153 animal investigations

- 242 not paper or short
communication

- 1086 not using ASD sample

- 1458 not focused in camouflaging,
masking, compensation, copy or
imitation in ASD

34 records excluded
Exclusion criteria:

- 13 not using ASD diagnosed
sample
- 21 not focused on assessing

camouflage or masking

Fig. 1 Search strategy following
PRISMA guidelines g
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camouflaging their symptoms, females may more likely
resemble to their peers and be able to be involved in social
contexts (Head et al. 2014; Hull et al. 2017; Cage and Trox-
ell-Whitman 2019).

How Do They Camouflage Their Symptoms?

Females with ASD seem to display increased self-control
skills (Head et al. 2014), possibly as they make efforts that
nobody notices their ASD traits (Hull et al. 2017), by, for
example, copying famous people or peer’s behaviours (Cook
et al. 2018; Dean et al. 2017; Hull et al. 2019). They develop
intricate and complex empathy skills (Head et al. 2014; Tier-
ney et al. 2016) and/or feedback abilities (Parish-Morris
et al. 2017) to be part of their social environments.

Negative Consequences of Camouflaging

A maintained camouflaging behaviour may imply several
long-term implications. An important one may be the late
diagnosis (Head et al. 2014; Tierney et al. 2016; Hull et al.
2017, 2019; Lai et al. 2017; Cage and Troxell-Whitman,
2019). Females without an appropriated diagnosis are unable
to benefit from proper medical attention that responds to
their specific needs.

Camouflaging is also a highly demanding process that can
prompt females with ASD to experience negative emotions
such as anxiety, depressive symptoms, loss of identity and
self-steem, self-injuries and/or suicidal thoughts (Tierney

etal. 2016; Cook et al. 2018; Hull et al. 2017,2019; Lai et al.
2017). Because they can also camouflage these emotional
symptoms, females often internalize and report less symp-
tomatology than males, although they frequently tend to feel
more negative symptoms than males with ASD (Cook et al.
2018; Schuck et al. 2019).

Discussion

In this study, we aimed to systematically review empirical
studies that addressed the camouflage effect in females with
ASD.

Over the last decade, some attempts to measure the cam-
ouflaging effect were achieved, including the development
of an index of camouflaging derived from calculating the
difference between the standardized scoring of ADOS (Lord
et al. 2015) and the standardized scoring of AQ (Baron-
Cohen et al. 2006). More recently, we verified an increase
in the number of studies addressing the camouflaging effect,
including the development of questionnaires focused on the
camouflaging effect: the Camouflaging Autistic Traits Ques-
tionnaire (CAT-Q) (Hull et al. 2019) and the Q-ASC with
gender-sensitive criteria (Ormond et al. 2018).

Literature refer to the camouflage effect as masking, com-
pensation, copying or imitation, although it can be misun-
derstood as a single process, instead of a set of these sub-
processes that encloses this phenomenon (Hull et al. 2017;
Lai et al. 2017). For instance, Hull et al. (2017) suggested

@ Springer
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a camouflage model that is sustained by internal and/or
external causes: females diagnosed with ASD tend to mask
their symptoms and compensate their social difficulties by
imitating peers. In this sense, camouflaging may emerge,
according to Cage and Troxell-Whitman (2019), for two
main reasons: (a) ‘conventional’ reasons—to fit into formal
environments, such as school, work and/or service care and
(b) ‘relational’ reasons—to fit into social contexts.

Overall, studies showed that females with ASD appear to
be more capable than males to understand the necessity of
friendship and intimacy, expressing the necessity of having
friends (Tierney et al. 2016), although social environments,
friendship and interacting with peers can be challenging for
them. In fact, some studies report that females with ASD
present difficulties in understanding covert rules of social
relationships (friends, partner or family), adhering to rigid
gender-social expectations and displaying severe difficulties
in socio-communication abilities; these impairments ham-
per their ability to interpret and experience social life (Tier-
ney et al. 2016; Lai et al. 2017; Schuck et al. 2019). Due
to their gender-role expectations, as they camouflage their
symptoms, these females are expected to be more social and
establish closer relationships with others (Hull et al. 2019;
Schuck et al. 2019). This contrasts with a lack of under-
standing regarding social expectations, which, often, leads
to negative consequences such as loneliness and rejection
(Tierney et al. 2016; Cook et al. 2018; Dean et al. 2017; Lai
et al. 2017; Parish-Morris et al. 2017; Hull et al. 2019; Cage
and Troxell-Whitman, 2019; Schuck et al. 2019).

Negative Consequences of Camouflaging

As Hull et al. (2017) suggested on their camouflaging model,
a maintained behaviour of camouflaging can present several
negative consequences, such as continuous distress and loss
of wellbeing and self-esteem (Tierney et al. 2016; Hull et al.
2017), emotional problems (Tierney et al. 2016; Cook et al.
2018; Hull et al. 2017; Lai et al. 2017; Cage and Troxell-
Whitman 2019; Schuck et al. 2019) and, importantly, the
late ASD diagnosis (Head et al. 2014; Tierney et al. 2016;
Cook et al. 2018; Hull et al. 2019).

Long term camouflaging symptoms can have important
consequences in self-esteem, as the majority of females with
ASD who camouflage their symptoms tend to see themselves
as impostors instead of someone who is using adaptive
mechanisms to respond to social contexts (Hull et al. 2017).
Consequently, camouflaging seems to be more related to
high anxiety and depressive symptoms (Tierney et al. 2016;
Cook et al. 2018; Hull et al. 2017; Lai et al. 2017; Cage
and Troxell-Whitman 2019; Schuck et al. 2019). Although
the presence of negative symptoms occurs in both sexes,
evidence shows that males with ASD report more often the
presence of depressive symptoms, contrasting with females
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(Lai et al. 2019). This may be due to the fact that, although
females with ASD tend to feel more negative emotions
than males, they also camouflage their negative mood and,
therefore, do not report the presence of depressive symp-
toms (Schuck et al. 2019). In relation to anxiety, the major-
ity of studies showed a positive correlation between anxiety
and camouflaging (Tierney et al. 2016; Cook et al. 2018;
Hull et al. 2017; Lai et al. 2017; Cage and Troxell-Whitman
2019), whereas one did not find any relation (Schuck et al.
2019). Overall, camouflage seems to be associated with
more negative internal consequences in high camouflagers
(individuals who camouflage their symptoms in several situ-
ations) and in switchers (individuals with greater camouflag-
ing behaviours in specific situations compared to others),
than in low camouflagers (individuals who camouflage their
symptoms only in a few situations) (Cage and Troxell-Whit-
man 2019).

In daily life, females with ASD but without the typical
symptoms’ manifestation are confronted with more difficul-
ties, compared to males with ASD (Baldwin and Costley
2016). Distinct studies reported that camouflaging behav-
iours entail significant problems related to care and health
services (Baldwin and Costley 2016; Tint and Weiss 2018),
education (Moyse and Porter 2015) or employment (Bald-
win and Costley 2016), given that the required attention is
not provided because females do not manifest the typical
phenotype of ASD.

Phenotype of Females Diagnosed with ASD

Globally, the studies included in this review reported that
females with ASD display more camouflaging behaviours
than males diagnosed with ASD (Head et al. 2014; Lai et al.
2017,2019; Hull et al. 2019; Schuck et al. 2019). Similarly,
the majority of studies support the necessity of developing
sex-sensitive diagnostic criteria for ASD (Head et al. 2014;
Tierney et al. 2016; Cook et al. 2018; Dean et al. 2017; Lai
et al. 2017; Schuck et al. 2019). It seems that females with
ASD are in a disadvantageous position in comparison to
males since the criteria for ASD diagnosis is based on a
male phenotype. As referred previously, ASD is diagnosed
3 to 4 times more in males than in females (Baio et al. 2018).
Females with ASD tend to camouflage their symptoms in
social environments, with their parents and with their teach-
ers (Cook et al. 2018), in different ways males do. Adding
to the fact that they have more social restricted interests, it
is possible that a female phenotype versus the typical male
phenotype of ASD exists (Head et al. 2014; Lai et al. 2015).

In a study conducted by Dean et al. (2017), the authors
investigated how children with ASD, in comparison to typi-
cally developing children, spend their time in three play-
ground situations: Game (playing actively with others), Joint
Engage (active socialization) and Solitary (when children
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are alone, not playing or socializing with peers). Results
indicated that males (typically developing and ASD) spend
more time in the game situation than females (typically
developing and ASD). But, between-group comparisons
revealed that males with ASD spend more time alone than
the other groups, whereas females with ASD spend more
time socializing with peers than playing or alone. Overall, it
seems that females spend more time in this type of interac-
tions, supporting the hypothesis that they display camouflag-
ing behaviours to engage and resemble to their peers.

Associations Between Camouflage and Cognitive
Functions

Females with ASD are also distinctive in other core areas—
language or executive functions—and present distinct pat-
terns of brain activation—prefrontal cortex—and brain mor-
phology (Lehnhardt et al. 2016; Rynkiewicz et al. 2016; Lai
et al, 2017, 2019; Parish-Morris et al. 2017). Regarding the
cognitive phenotype, Lehnhardt et al. (2016) verified that
males with ASD scored higher in tasks assessing verbal
expression, while females outperformed males in executive
tasks that required speed processing, visuo-constructive,
verbal fluency and cognitive flexibility abilities. No sex-
differences were observed in tasks that did not require time
to answer, neither in those involving motor abilities (i.e.,
WCST). The authors reported that females’ advantage in
executive functioning could be related to their camouflag-
ing skills, since they seem to recruit these competencies for
copying and imitating their peers.

In addition, females seem to incorporate more non-verbal
communication signals, using more vivid and evident ges-
tures, than males (Rynkiewicz et al. 2016). Also, a study
ascertaining how individuals with ASD used the interjec-
tions ‘UM’ and ‘UH’ to fill empty moments during a con-
versation, observed that the ‘UM’ interjection, which was
more commonly used by females with ASD and younger
people, was related to more sophisticated language skills
than the interjection ‘UH’ (Parish-Morris et al. 2017). This
was interpreted as favorable linguistic camouflage ability
used by females with ASD in social contexts.

In a recent neuroimaging study, Lai et al. (2017) inves-
tigated the camouflage effect comparing 30 males and 30
females with ASD. Whereas males did not show any signifi-
cant correlation between camouflaging behaviours and brain
activation or morphology, females did. Camouflaging behav-
iours appeared to be associated with decreased cerebellar,
para/hippocampus and amygdala volumes, the later impor-
tant structures related to memory and emotional processes.
In the same line, Lai et al. (2019), comparing 29 males and
28 females with ASD, reported that brain activation patterns
differed while performing a task assessing “self-represen-
tation responses” and “mentalizing” states. While females

with ASD showed an increase in ventral-medial prefrontal
cortex (VMPFC) during self-representation, males showed a
hypoactivation in vVMPFC and in the right temporo-parietal
junction during mentalizing state. Also, when comparing
brain activation patterns of ASD and typically develop-
ing males, an hypoactivation in the vMPFC during self-
responses was observed in males with ASD, which was not
observed when comparing ASD and typically developing
females. This seems to support that camouflage behaviour
in females with ASD is prominently based on self-represen-
tation responses.

Overall, findings in this systematic review support the
existence of a camouflaging effect in females with ASD,
focused on the compensation of their symptomatology
based on the imitation of peers’ behaviours and masking
their own symptoms. Despite the negative consequences of
these behaviours, camouflaging seems a highly consolidated
process that females with ASD maintain.

Conclusions and Future Implications

Camouflaging is a complex mechanism used to compen-
sate deficits by individuals, particularly females, with ASD.
Although camouflaging is an adaptive mechanism, it may
enclose several negative implications, such as misdiagno-
sis, late diagnosis or underdiagnosis that can prevent from
adequate or timely intervention.

Because ASD is a spectrum, it would be desirable not
only to study the presentation of its associated symptoma-
tology, but also to consider its diversity. Elucidating about
a possible female phenotype of autism without comorbidi-
ties and understanding the symptomatology associated with
it can be important for establishing an early diagnose and,
hence, implementing early interventional programs, thereby
contributing to better prognostic outcomes. Therefore, seems
important to consider the role of camouflage behaviours of
females with ASD, its causes, complexity and consequences.
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