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Abstract
Autism is more frequently diagnosed in males, with evidence suggesting that females are more likely to be misdi-
agnosed or underdiagnosed. Possibly, the male/female ratio imbalance relates to phenotypic and camouflaging dif-
ferences between genders. Here, we performed a comprehensive approach to phenotypic and camouflaging research 
in autism addressed in two studies. First (Study 1 – Phenotypic Differences in Autism), we conducted a systematic 
review and meta-analysis of gender differences in autism phenotype. The electronic datasets Pubmed, Scopus, Web 
of Science, and PsychInfo were searched. We included 67 articles that compared females and males in autism core 
symptoms, and in cognitive, socioemotional, and behavioural phenotypes. Autistic males exhibited more severe 
symptoms and social interaction difficulties on standard clinical measures than females, who, in turn, exhibited more 
cognitive and behavioural difficulties. Considering the hypothesis of camouflaging possibly underlying these differ-
ences, we then conducted a meta-analysis of gender differences in camouflaging (Study 2 – Camouflaging Differ-
ences in Autism). The same datasets as the first study were searched. Ten studies were included. Females used more 
compensation and masking camouflage strategies than males. The results support the argument of a bias in clinical 
procedures towards males and the importance of considering a ‘female autism phenotype’—potentially involving 
camouflaging—in the diagnostic process.
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Autism spectrum disorder (ASD) is a neurodevelopmen-
tal condition characterised by persistent impairments in 
communication and social interaction, and restricted and 

repetitive patterns of behaviours, interests, or activities 
(American Psychiatric Association [APA], 2013). ASD 
prevalence has been increasing over the past decades 
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(Hansen et al., 2015). Autistic1 individuals often display 
marked difficulties in everyday adaptive functioning, such 
as in peer relationship and social interactions (Harkins et al., 
2022). An early diagnosis is thus critical to determining, 
implementing, and optimising early intervention programs, 
considering their positive impact on daily functioning and 
developmental outcomes (Kodak & Bergmann, 2020).

Autism is more prevalent in males than females, being 
diagnosed more often in boys than girls, with a male-to-female  
ratio of approximately 4:1 (Halladay et al., 2015; Lai et al., 
2014). In the absence of intellectual disabilities, this ratio is 
even more pronounced, increasing to 10:1 (Fombonne, 2009; 
Rivet & Matson, 2011). Prominent gender differences in the 
prevalence and phenotype of autism may contribute to females 
being diagnosed later than males—commonly in adolescence 
or adulthood (Carter et al., 2007)—underdiagnosed, or not 
even receiving a diagnosis (Loomes et al., 2017). Autistic 
females often report significant mental health problems and 
poorer well-being, partly because of vulnerabilities associated 
with being undiagnosed (Bargiela et al., 2016).

Studies show that the clinical presentation of autism may 
differ between genders (Head et al., 2014; Van Wijngaarden-
Cremers et al., 2014). Extensive research has explored possi-
ble differential phenotypic profiles between autistic females 
and males aimed at explaining this gender imbalance in the 
diagnosis (see Ferri et al., 2018, for a review). Literature 
points to phenotypic gender differences in multiple areas of 
functioning, such as in the core symptoms of autism, as well 
as in cognitive, socioemotional, and behavioural outcomes.

A recent meta-analysis documented that autistic females 
exhibit greater social interaction and social communication 
skills than autistic males, when these skills were measured 
with behavioural methods (e.g. play behaviour) (Wood-
Downie, Wong, Kovshoff, Cortese et  al. 2021; Wood-
Downie, Wong, Kovshoff, Mandy et al. 2021). In parallel, 
when using standard clinical measures, such as the Autism 
Diagnostic Observation Schedule (ADOS), males exhibit 
more severe presentation of symptoms and greater commu-
nication impairments (Rea et al., 2023), as well as more pro-
nounced social interaction difficulties (Mandy et al., 2012) 
and repetitive and stereotyped behaviours (Van Wijngaarden-
Cremers et al., 2014) compared to females. Instead, autistic 
females are more likely to show more impaired functioning 
outcomes, such as worse intellectual performance (Frazier 

et al., 2014; Kreiser & White, 2013), adaptive functioning 
(Rubenstein et al., 2015), and greater internalising (Oswald 
et al., 2016) and externalising (Frazier et al., 2014; Guerrera 
et al., 2019) problems than males. However, it is important 
to note that findings on gender differences between autis-
tic females and males are complex and may vary by some 
factors, such as intellectual or behavioural characteristics 
(Giambattista et al., 2021; Posserud et al., 2021).

It is possible that the current conceptualisation of autism 
leads to a diagnostic gender bias towards males (Haney, 
2016). One explanation for this bias may be related to spec-
ifications of the diagnostic criteria of benchmark assess-
ment instruments, such as the ADOS (Lord et al., 2012) and 
the Autism Diagnostic Interview-Revised (ADI-R; Rutter, 
Bailey et al., 2003; Rutter, Le Couteur et al., 2003). These 
instruments were validated using predominantly male indi-
viduals previously diagnosed with autism (Kirkovski et al., 
2013; Kopp & Gillberg, 2011; Kreiser & White, 2013; Lai 
et al., 2015; Mattila et al., 2011), and thus lacking sex-based 
norms (McPartland et al., 2016). Therefore, conclusions 
drawn from primarily male samples may narrow the land-
scape of symptomatology to be assessed by not accurately 
capturing the female autism phenotype.

The hypothesis of a ‘specific female autism phenotype’ 
is supported by evidence showing that autistic females 
without intellectual impairments perform similarly to neu-
rotypical females and higher than autistic males in social 
cognition tasks (e.g. visual attention to faces) (Harrop 
et al., 2020) and language abilities (e.g. use more appro-
priate language in social interactions) (Hiller et al., 2016), 
which contributes to their under-recognition. Further-
more, this hypothesis is also corroborated by higher lev-
els of motivation for social relationships and fewer social 
impairments in autistic females, as well as lower levels 
of restricted and repetitive interests than males (Hull, Lai 
et al., 2020; Hull, Petrides et al., 2020). This apparent 
normal social functioning of autistic females seems associ-
ated with their ability to camouflage social behaviours to 
fit social environmental demands (Wood-Downie, Wong, 
Kovshoff, Cortese et  al. 2021; Wood-Downie, Wong, 
Kovshoff, Mandy et al. 2021).

Camouflaging refers to the process by which autistic 
individuals, especially females, minimise the visibility of 
their autism to be considered more suitable and acceptable 
in social settings/interactions (Hull et al., 2017, 2019; Lai 
et al., 2017). According to Hull et al. (2017), camouflaging 
consists of three key coping strategies—compensation (i.e. 
actively performing behaviours aimed at overcoming social 
difficulties associated with autistic symptoms); masking (i.e. 
actively hiding autistic symptoms and/or difficulties); and 
assimilation (i.e. actively adopting observed behaviours and 
attitudes to blend in with others in social situations). In this 

1 To reflect the current feelings of members of the autism commu-
nity, the term ‘autism’ will be used to refer to the clinical diagnosis 
of ASD, as ‘disorder’ is often associated with stigma and accentuates 
difficulties, ignoring possible strengths (Kenny et al., 2016). Equally, 
identity-first language (e.g., autistic person) instead of person-first 
language (e.g., individuals with autism) will be used to reflect the 
community wishes and recommendations for autism researchers (Bot-
tema-Beutel et al., 2021).
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paper, we will use the term ‘camouflaging’ and/or ‘camou-
flage’ to refer to these strategies.

Research in this area has shown that camouflaging 
is used mainly by autistic females to adapt their behav-
iour to different environments, especially as they feel 
greater pressure to fit into social situations (Hull, Lai 
et al., 2020; Hull, Petrides et al., 2020; Tubío-Fungue-
iriño et al., 2021). However, these behaviours come at 
a higher cost, as they have been associated with greater 
symptoms of anxiety and depression (Hull, Levy, et al., 
2021), and are likely to cover specific autistic symptoms 
(Corbett et al., 2021).

Specific cognitive and other phenotypic traits may 
allow autistic females to camouflage autism-related social 
difficulties compared to autistic males, such as greater 
executive functioning abilities (e.g. cognitive flexibility; self-
control skills), greater awareness of social norms (e.g. making 
eye contact), and of other’s cognitive and emotional states (e.g. 
Theory of Mind) (Hull, Petrides, et al., 2021; Livingston et al., 
2019), as well as more social engagement and communication 
behaviours (Corbett et al., 2021). In addition, it may be that 
the ability to cover inappropriate social behaviours is shaped 
by socially constructed expectations directed at females 
regarding gender roles (Lai et al., 2015; Tubío-Fungueiriño 
et al., 2021). Autistic females are expected to display more 
pro-social behaviours and form closer relationships with others 
compared to autistic males (Hull et al., 2019).

The Current Study 

Given the increasing prevalence and phenotypic differences 
between autistic females and males, as well as camouflag-
ing in females, it is important to formally investigate these 
differences to possibly inform on their contribution to the 
imbalance of the male/female ratio in autism diagnosis. We 
address these questions in two studies. In ‘Study 1 – Phe-
notypic Differences in Autism’, we first investigated gender 
differences in the autism diagnosis, by unravelling the differ-
ent diagnostic symptoms of ASD. To this end, we conducted 
a systematic review and meta-analysis of phenotypic differ-
ences between females and males in the core symptoms of 
autism (i.e. communication, social interaction and restricted 
interests and repetitive and stereotyped behaviour), and in 
cognitive (i.e. intellectual functioning), socioemotional (i.e. 
internalising problems) and behavioural (i.e. externalising 
behaviours) phenotypes. With this characterisation and con-
sidering that the clinical presentation of these symptoms 
may be affected by camouflage strategies, we then con-
ducted ‘Study 2 – Camouflaging Differences in Autism’, a 
systematic review and meta-analysis of studies focusing on 
camouflaging in autistic females and males.

Study 1 – Phenotypic Differences in Autism

Study 1 addresses gender differences in the core symptoms 
of autism, as well as in cognitive, socioemotional, and behav-
ioural phenotypes. The protocol for conducting this investiga-
tion was registered in PROSPERO (CRD42021282480) and 
followed the 2020 PRISMA guidelines (Page et al., 2021).

Method

Literature Search

The electronic datasets Pubmed, Scopus, Web of Science, 
and PsychInfo were searched for empirical studies, published 
between 2013 (to reflect the latest autism diagnostic criteria 
as the DSM 5 was published this year) and December 2022. 
Studies were considered if (i) enrolled males and females 
with a diagnosis of autism or Asperger’s syndrome according 
to the DSM-IV-TR and/or DSM 5 (APA, 2013) diagnostic 
criteria; (ii) focused on sex/gender differences in the core 
symptoms of autism (i.e. communication, social interaction 
and restricted interests and repetitive and stereotyped behav-
iour); and (iii) in cognitive, socioemotional, and behavioural 
functioning outcomes. The following search terms were used: 
(‘asd’ OR ‘autis*’ OR ‘asperger’) AND ((‘sex difference’ OR 
‘sex differences’) OR (‘sex characteristic’ OR ‘sex charac-
teristics’) OR (‘gender difference’ OR ‘gender differences’)) 
AND ((‘social’ OR ‘social adaptation’ OR ‘interact*’) OR 
(‘behav*’ OR ‘stereotyp*’ OR ‘inflexib*’ OR ‘flexib*’ OR 
‘ritual*’) OR (‘language’ OR ‘linguistic’ OR ‘communi-
cat*’) OR (‘sensor*’ OR ‘sensory processing’)).

Procedure

The initial database search resulted in 3555 articles, of 
which 1337 were duplicated. Hence, the title and abstract 
of 2218 articles were screened for the inclusion criteria by 
two independent researchers (RA and JM; k = 0.74). A third 
researcher (SC) acted as a consultant in case of conflict.

Articles were excluded if (i) used non-human samples 
(n = 270); (ii) were not in article format (e.g. case reports, 
reviews, or meta-analysis) (n = 117); (iii) were genetic stud-
ies (n = 200); (iv) included other pathologies as a compari-
son group (n = 38); (v) the main pathology described was 
not autism or had a comorbid diagnosis (e.g. attention defi-
cit/hyperactivity disorder [ADHD] or intellectual disability 
[ID]) (n = 233); (vi) were gender-oriented but not investi-
gating gender/sex differences in autism (n = 37); and/or 
(vii) were not investigating gender differences in the core 
symptoms and functioning outcomes (i.e. cognition, soci-
oemotional, and behaviour) in autism (n = 1102). As studies 
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including autistic children with comorbid ID were excluded, 
studies including children with an intellectual coefficient 
(IQ) below 70 (i.e. IQ < 70) were not considered. Of the 
remaining 221 articles, 14 could not be retrieved. Thus, 
the screening resulted in 207 potentially relevant articles. 
The full text of these articles was retrieved and screened for 
inclusion criteria by two independent researchers (ADC and 
JM), and, in case of doubt or conflict, a consensus meeting 
was carried out with other researchers (SC and MFP). After 
a throughout and comprehensive examination of these arti-
cles, 140 were additionally excluded. This occurred because 
they were duplicated (n = 33), reported qualitative analysis 
(n = 7), did not provide information about the autism diag-
nosis (n = 3), did not focus on gender differences in the 
core symptoms or functioning outcomes (i.e. cognitive, 
socioemotional, and/or behaviour) (n = 41), were methodo-
logical-oriented research (e.g. assessing the discriminative 
characteristics of a questionnaire) (n = 16), did not present 
the data correctly (e.g. means and standard deviation values 
were not presented separately by gender, see Zhang et al., 
2022, for an example) (n = 36), and used a different instru-
ments to assess the dimensions under investigation (i.e. 
could not be included in the analysis due to the inability to 
compare results) (n = 1). Also, a study (Sturrock, Mardsen 
et al., 2020) was excluded as it reported the same results 
as another and earlier study (Sturrock, Yau et al., 2020, 
which was included in the analysis). Finally, two studies 
were removed as part of the study participants had comorbid 
ID (n = 2). Thus, 67 studies were included in the analysis. 
Figure 1 provides the flowchart of this selection procedure.

Some studies were included in more than one analysis, 
as they examined more than one area of interest for this 
review (e.g. a dimension of the core autistic symptoms, 
such as social interaction, and a functioning outcome, for 
example a cognitive functioning; see as an example Frazier 
et al., 2014). Overall, 45 articles compared females and 
males in the core symptoms of autism, whereas 44 com-
pared genders regarding functioning outcomes. Of these, 
24 addressed only the core symptoms, 23 only functioning 
outcomes, and 21 core symptoms and functioning outcomes 
combined (see Table 1 and 2 for detailed information about 
the included articles).

Data Selection and Extraction

The following information was extracted from the articles: 
(i) sample size, (ii) gender distribution, (iii) autism diagnosis 
information, and (iv) instruments used and scores for the 
dimensions investigated. Age was not considered as studies 
use numerous and different instruments and these are age-
specific (see Table 1 and 2 for details on age). In total, the 
current study included 16,066 autistic individuals, of which 
10,917 were males and 5149 females.

Different instruments were used across the studies to meas-
ure the core symptoms and functioning outcomes in autistic 
individuals. The following instruments were used to measure 
the core symptoms of autism: the ADOS (calibrated sever-
ity score—CSS; social affective—SA; and restricted and 
repetitive behaviours scale—RRB) (n = 21); the ADI-R (com-
munication and restricted and repetitive behaviours scales) 
(n = 4); the Autism Spectrum Quotient (AQ; total score) 
(n = 6) (Baron-Cohen et al., 2001); the Social Communica-
tion Questionnaire (SCQ; total score) (n = 13) (Rutter, Bailey 
et al., 2003; Rutter, Le Couteur et al., 2003); the Repetitive 
Behaviour Scale Revised (RBS-R; total score) (n = 6) (Lam 
& Aman, 2007); the Vineland of Adaptive Behaviour Scales, 
Second Edition (Vineland-II; communication, socialisation 
and maladaptive behaviour scales, and the composite score) 
(n = 12) (Sparrow et al., 2005); and the Social Responsiveness 
Scale 2 (SRS-2; total raw score and total T score) (n = 10) 
(Constantino, 2013). Although the Vineland-II does not tar-
get autism-specific symptoms, we have included the com-
munication, socialisation, and maladaptive behaviour scales 
in the core symptoms because they provide valuable clinical 
information that reflects the core symptoms of autism and on 
adaptive behaviour that may inform about the diagnosis of 
developmental disabilities (Dupuis et al., 2021; Milne et al., 
2019). All instruments are parent report but the ADOS and 
the ADI-R are clinician screening reports.

Cognitive functioning was assessed using the full scale 
intelligence quotient (FSIQ), verbal intelligence quotient 
(VIQ) and performance intelligence quotient (PIQ) of 
the Weschler Abbreviated Scale of Intelligence (WASI; 
Wechsler, 1999) (n = 17) or the Wechsler Adult Intelligence 
Scale (WAIS; Wechsler, 2008) (n = 2) and of the Wechsler 
Intelligence Scale for Children (WISC; Wechsler, 2008) 
(n = 8), the General Conceptual Ability (GCA) of the Differ-
ential Ability Scales, Second Edition (DAS-II; Elliot et al., 
2018) (n = 5), and the Non-verbal Age Equivalent scale of 
the Mullen Scales of Early Learning (MSEL; Mullen, 1995) 
(n = 4). The Child Behavioural Checklist (CBCL; Achenbach 
& Ruffle, 2000), a parent report questionnaire, was used to 
measure socioemotional difficulties (Internalising Problems 
scale) (n = 7) and behavioural problems (Externalising Prob-
lems scale) (n = 6). Additionally, the Vineland-II daily living 
skills scale (n = 5) was used to assess behavioural problems.

The quality and risk of bias were assessed independently 
using the Joanna Briggs Institute (JBI) critical appraisal 
checklist for analytic cross-sectional studies. Supplemen-
tary Material Table 1 provides information on the quality 
of the studies.

Data Analysis

Meta-analyses of continuous outcome data were performed 
with meta R package. Analyses were computed separately for 
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each instrument used to measure the multiple outcomes (e.g. 
the CSS scale of the ADOS, each subscale of the Vineland-II, 
the GCA of the DAS-II, or the Internalising and Externalis-
ing scales of the CBCL). A meta-analysis of the communi-
cation and restricted and repetitive behaviours scales of the 
ADI-R, the total score of the CBCL, and the Fine Motor, 
Visual Reception, and Receptive and Expressive Language 
scales of the MSEL was not computed as only two studies 
have used these measures and thus did not provide sufficient 
power to conduct the analysis (Ioannidis et al., 2008).

Standardised mean difference (SMD) was used as a sum-
mary measure for pooling studies. The SMD and 95% con-
fident interval (CI) were calculated in R library using the 
default method (Hedges’ g method). A SMD above zero 
indicates that males scored higher than females and a SMD 
below zero indicates that females scored higher than males. 
Common and random effect estimates were obtained for 
inverse variance weighting meta-analyses. Heterogeneity 
was evaluated using the between-study variance (t2) and 
the I-squared (I2) statistics. For simplicity and considering 

Records identified from Pubmed, 
Scopus, Web of Science, and 
PsychInfo:

Databases (n = 4)
Registers (n = 3555)

Records removed before screening:
Duplicate records removed (n = 1337)

Records screened
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Records excluded
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Non-human samples (n = 270)
Non-article format (n = 117)
Genetic studies (n = 200)
Other pathologies as comparison group (n= 38)
Main disorder was not autism (n= 233)
Gender-oriented but not investigating sex differences (n = 37)
Not focused on gender differences in core symptoms or 
functioning outcomes (n= 1102)

Reports sought for retrieval
(n = 221)

Reports not retrieved
(n = 14)

Reports assessed for eligibility
(n = 207)

Reports excluded
(n = 140)

Duplicated (n = 33)
Not empirical/quantitative methodology (n = 7)
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Fig. 1  PRISMA flowchart depicting study selection procedures
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Table 1  Mean (M) values and standard deviations (SD) of age and 
measurement scores for the included articles addressing gender dif-
ferences in the core symptoms of autism (i.e. total symptoms, com-

munication, social interactions, and restricted interests and repetitive 
and stereotyped behaviour)

Article Instrument Age range in years (M; SD) Males Females Total N

N M SD N M SD

Total symptoms
Baron–Cohen et al., 2015 AQ 18 + (M = 39.9; SD = 11.7) 178 36.93 8.64 217 34.71 10.97 395
Baron–Cohen et al., 2014 AQ 18–75 (M = 34.7; SD = 13.2) 357 34.8 9.1 454 32.9 11.5 811
Lai et al., 2017 AQ 18–49 (M = 27.5; SD = 7.5) 30 32.7 7.3 30 37.5 6.7 60
Rynkiewicz et al., 2016 AQ 5–10 (M = 8.15; SD = 1.8) 14 31.86 7.77 12 32.58 8.75 26
Schuck et al., 2019 AQ 18–55 (M = 28; SD = 6.9) 17 29.35 5.26 11 35.45 6.7 28
James et al., 2022 AQ 18–55 (M = 27.9; SD = 8.6) 12 29.3 5.5 11 35.5 6.7 23
Boorse et al., 2019 ADOS CSS 7–14 (M = 10.4; SD = 1.7) 41 6.71 2.37 21 6.38 2.64 62

SCQ 20.27 7.01 20.29 5.21
Cola et al., 2020 ADOS CSS 7–18 (M = 11.5; SD = 2.8) 25 7 1.8 15 6.6 2.29 40

SCQ 17.56 7.88 17.79 7.39
Craig et al., 2020 ADOS CSS 2–7 (M = 4.3; SD = 1.7) 62 6.21 1.19 52 5.32 1.7 114
Frazier et al., 2014 ADOS CSS 4–18 (M = 9.2; SD = 3.6) 2114 7.43 1.67 314 7.45 1.76 2428

Vineland composite score 73.58 11.99 70.64 11.68
Parish–Morris et al., 2017 ADOS CSS 6–17 (M = 9.96; SD = 2.05) 49 6.55 2.38 16 6.31 2.8 65

SCQ 19.49 7.46 20.81 4.98
Vineland composite score 83.19 13.26 79.75 13.18

Cola et al., 2022 ADOS CSS 6–15 (M = 10.4; SD = 1.9) 76 11.89 4.64 25 10.92 5.04 101
SCQ 19.29 7.23 19.96 5.95

Key,  Jones et al., 2022; Key, 
Yan et al., 2022

ADOS CSS 10–16 (M = 12.8; SD = 1.9) 23 7.17 1.67 22 6.67 1.72 45
SCQ 18.91 6.65 16.41 7.72

 Key,  Jones et al.,  2022; Key, 
Yan et al.,  2022

ADOS CSS 10–16 (M = 12.9; SD = 1.6) 17 8 1.5 17 6.76 1.56 34
SCQ 17.12 7.11 17.18 8.99

Lawrence et al., 2022 ADOS CSS 8–17 (M = 13.6; SD = 2.7) 30 6.66 2.16 31 6.27 1.7 61
Lee et al., 2022 ADOS CSS 2–6 (M = 3.2; SD = 0.5) 189 7.44 1.8 93 7.37 1.7 282
Libster et al., 2022 ADOS CSS 6–15 (M = 10.4; SD = 1.8) 29 6.45 2.25 29 6.31 2.44 58
Neuhaus et al., 2022 ADOS CSS 8–17 (M = 12.5; SD = 2.9) 80 7.31 1.76 65 6.51 1.8 145
Osório et al., 2021 ADOS CSS 2–12.9 (M = 5.4; SD = 2.61) 138 7.26 1.81 26 6.35 1.85 164
Ross et al., 2022 ADOS CSS 4–17.9 (M = 8.9; SD = 3.6) 374 7.4 1.8 359 7.5 1.7 733
Song, Kim, et al., 2021 ADOS CSS 1.5–3.5 (M = 2.8; SD = 0.5) 207 6.45 1.56 54 6.92 1.84 261

SCQ 14.62 5.87 14.64 5.87
Vineland composite score 69.63 12.76 69.45 16.21

Waizbard–Bartov et al., 2022 ADOSCSS 3–11 (M = 3.1; SD = 0.5) 128 7 1.6 54 6.9 1.7 182
DaWalt et al., 2020 Vineland composite score 14–21 (M = 16.2; SD = 1.44) 471 75.54 0.8 76 77.28 2.26 547

SCQ 20.73 0.41 20.86 0.99
Goddard et al., 2014 SCQ 8–16 (M = 12.9; SD = 2.1) 12 26.5 5.92 12 20 5.15 24
Harrop et al., 2019 SCQ 6–10 (M = 8.9; SD = 1.1) 23 15 6.19 19 13.74 5.19 42
Nowell et al., 2019 SCQ 6–10 (M = 8.9; SD = 1.1) 27 14.92 5.94 27 13.92 5.02 54
Ros–Demarize et al., 2020 SCQ 4–6 51 16.94 6.12 18 18.17 6.65 69
Song et al., 2021 SCQ 8–16.7 (M = 11.6; SD = 2.5) 33 18.34 6.79 17 17.94 7.11 50
Mandic–Maravic et al., 2015 Vineland composite score M = 6.73; SD = 4.33 83 73.58 11.99 25 70.64 11.68 108
White et al., 2017 Vineland composite score 7–18 (M = 12.4; SD = 2.6) 115 80.92 12.38 54 76.43 13.14 169
Reinhardt et al., 2015 Vineland composite score M = 2.3; SD = 1 181 78.22 12.53 44 78.14 13.36 225
Communication
Coffman et al., 2015 Vineland communication 8.3–13 (M = 10.2; SD = 1.7) 12 84.33 11.73 12 85.50 11.82 24
Frazier et al., 2014 Vineland communication 4–18 (M = 9.2; SD = 3.6) 2,114 77.59 14.58 314 74.3 13.71 2428
Mandic-Maravic et al., 2015 Vineland communication M = 6.73; SD = 4.33 83 48.67 12.36 25 53.92 11.71 108
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Table 1  (continued)

Article Instrument Age range in years (M; SD) Males Females Total N

N M SD N M SD

Parish-Morris et al., 2017 Vineland communication 6–17 (M = 9.96; SD = 2.05) 49 88.21 14.14 16 86.38 12.94 65
Reinhardt et al., 2015 Vineland communication M = 2.3; SD = 1 181 82.69 16.82 44 79.43 17.61 225
White et al., 2017 Vineland communication 7–18 (M = 12.4; SD = 2.6) 130 84.87 13.60 57 84.40 15.57 187
Cola et al., 2022 Vineland communication 6–15 (M = 10.4; SD = 1.9) 76 86.92 13.52 25 87.4 12.21 101
Neuhaus et al., 2022 Vineland communication 8–17 (M = 12.5; SD = 2.9) 80 74.53 9.76 65 78.11 12.99 145
Social interaction
Coffman et al., 2015 Vineland socialisation 8.3–13 (M = 10.2; SD = 1.7) 12 77.33 13.52 12 80.50 10.43 24
Frazier et al., 2014 Vineland socialisation 4–18 (M = 9.2; SD = 3.6) 2114 71.31 12.45 314 69.08 12.34 2428

ADI–R social 9.33 3.73 9.22 3.41
ADOS social affect 11.01 3.96 11.55 4.24

Mandic-Maravic et al., 2015 Vineland socialisation M = 6.73; SD = 4.33 83 56.73 15.52 25 57.92 14.52 108
Parish–Morris et al., 2017 Vineland socialisation 6–17 (M = 9.96; SD = 2.05) 49 79.36 15.48 16 73.81 12.49 65

ADOS social affect 6.29 2.38 6.31 2.63
Reinhardt et al., 2015 Vineland socialisation M = 2.3; SD = 1 181 78.02 11.9 44 78.55 13.14 225
White et al., 2017 Vineland socialisation 7–18 (M = 12.4; SD = 2.6) 130 77.98 13.35 56 74.41 12.96 186
Cola et al., 2022 Vineland socialisation 6–15 (M = 10.4; SD = 1.9) 76 77.22 14.92 25 73.6 11.92 101

ADOS social affect 9.21 4.06 8.28 4.19
SRS total raw score 71.01 11.29 78.04 9.92

Neuhaus et al., 2021 Vineland socialisation 8–17 (M = 12.3; SD = 2.9) 80 73.72 10.92 65 74.16 13.48 145
ADOS social affect 81 7.28 1.89 61 6.61 1.79
SRS total–T score 90.38 28.02 78.22 11.55
SRS total raw score 72.6 11.18 95.71 27.33

Boorse et al., 2019 ADOS social affect 7–14 (M = 10.4; SD = 1.7) 41 6.71 2.39 21 6.24 2.51 62
Cola et al., 2020 ADOS social affect 7–18 (M = 11.5; SD = 2.8) 25 7.36 1.66 15 6.53 2.20 40
Craig et al., 2020 ADOS social affect 2–7 (M = 4.3; SD = 1.7) 62 14.16 3.74 52 11.45 4.07 114
Lai et al., 2017 ADOS social affect 18–49 (M = 27.5; SD = 7.45) 30 8.50 5 30 4.30 3.60 60
 Key,  Jones et al.,  2022; Key, 

Yan et al.,  2022
ADOS social affect 10–16 (M = 12.9; SD = 1.6) 17 10.06 3.98 17 8.18 3.4 34

Libster et al., 2022 ADOS social affect 6–15 (M = 10.4; SD = 1.8) 29 6.69 2.17 29 6.34 2.32 58
Osório et al., 2021 ADOS social affect 2–12.9 (M = 5.4; SD = 2.61) 138 6.95 1.99 26 5.88 2.03 164
Song, Kim, et al., 2021 ADOS social affect 1.5–3.5 (M = 2.8; SD = 0.5) 207 7.33 1.72 54 7.64 2.08 261

ADI–R social 16.21 5.25 14.1 4.71
SRS total–T score 63.83 10.42 64.67 11.09

Waizbard–Bartov et al., 2022 ADOS social affect 3–11 (M = 3.1; SD = 0.5) 128 7.5 1.7 54 7.3 1.8 182
Supekar et al., 2022 ADI–R social M = 13.3; SD = 6.2 126 17.7 7 552 17.9 6.5 678
 Key,  Jones et al.,  2022; Key, 

Yan et al.,  2022
SRS total–T score 10–16 (M = 12.8; SD = 1.9) 23 74.65 8.22 22 79.14 8.04 45

Lawrence et al., 2022 SRS total raw score 8–17 (M = 13.6; SD = 2.7) 30 97.43 31 31 98.27 32 61
SRS total–T score 75.46 12.28 77.37 11.21

Lee et al., 2022 SRS total–T score 2–6 (M = 3.2; SD = 0.5) 189 70.7 10.7 93 72.6 10.8 282
Milner et al., 2022 SRS total raw score 18.43–25.78 (M = 22.5) 34 77.68 24.8 41 100.85 25.25 751
O’Connor et al., 2022 SRS total raw score 9–16 (M = 11.6; SD = 1.3) 86 89.7 28.6 18 88.4 17.55 104
Ross et al., 2022 SRS total raw score 4–17.9 (M = 8.9; SD = 3.6) 374 94.8 26.1 359 99.9 27.3 733
Ko et al., 2022 SRS total–T score 11–16 (M = 13.4; 1.2) 22 75.45 8.31 10 74.4 11.52 32
Restricted interests and repetitive and stereotyped behaviour
Boorse et al., 2019 ADOS RRB 7–14 (M = 10.4; SD = 1.7) 41 6.93 2.50 21 6.95 2.60 62
Cola et al., 2020 ADOS RRB 7–18 (M = 11.5; SD = 2.8) 25 6.44 2.14 15 7.27 1.75 40
Craig et al., 2020 ADOS RRB 2–7 (M = 4.3; SD = 1.7) 62 2.26 1.30 52 1.86 1.19 114
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the applicability of the results beyond the included studies, 
the random-effect results are discussed; for the dimensions 
with low heterogeneity (i.e. p > 0.05; I2 < 50%), the random-
effects model is also considered.

Results

Figures 2 and 3 depict the forest plots of the gender differ-
ences in the autism core symptoms and in the cognitive, 
socioemotional, and behavioural phenotypes, respectively. 
The forest plots of the non-significant results are presented 
in Fig. 1 of the Supplementary Material.

Autism Core Symptoms

Total Symptoms

The meta-analysis revealed significant gender differences in 
the CSS of the ADOS, SMD = 0.15, 95% CI = (0.02; 0.29), 
z = 2.18, p = 0.03. Autistic males presented worse severity 
scores compared to autistic females. No significant results 
were observed in the AQ, SMD = −0.29, 95% CI = (−0.75; 

0.16), z = −1.27, p = 0.20; in the SCQ, SMD = −0.02, 95% 
CI = (−0.16; 0.12), z = −0.27, p = 0.79, or in the composite 
score of the Vineland-II, SMD = −0.15, 95% CI = (−0.65; 
0.35), z = −0.58, p = 0.56.

Communication

There were no gender differences in the communication 
scale of the Vineland-II, SMD = −0.00, 95% CI = (−0.19; 
0.19), z = −0.02, p = 0.99.

Social Interaction

The meta-analysis revealed significant gender differ-
ences in the SA subscale of the ADOS, SMD = 0.26, 95% 
CI = (0.07; 0.45), z = 2.65, p < 0.01. Autistic males pre-
sented more social interactive impairments than females. 
In addition, significant gender differences were found in 
the Socialisation scale of the Vineland-II, SMD = 0.15,  
95% CI = (0.06; 0.24), z = 3.15, p < 0.01, in which autistic 
males presented more social interactive abilities than autistic  
females. The meta-analysis showed significant gender dif-
ferences in the SRS-2 total raw score, SMD = −0.31, 95% 

Table 1  (continued)

Article Instrument Age range in years (M; SD) Males Females Total N

N M SD N M SD

Frazier et al., 2014 ADOS RRB 4–18 (M = 9.2; SD = 3.6) 2114 3.96 2.05 314 4.01 2.21 2428

RBS-R 27.1 17.29 26.86 16.93

ADI–R RRB 6.58 2.51 6.25 2.47
Knutsen et al., 2019 ADOS RRB 2–12 512 7.60 1.80 512 7.50 2.10 1024
Lai et al., 2017 ADOS RRB 18–49 (M = 27.5; SD = 7.45) 30 8.5 5 30 4.3 3.6 60
McFayden et al., 2019 ADOS RRB 2–83 (M = 14.3; SD = 14.4 55 0.95 1.84 20 0.58 1.81 75

RBS-R 4.96 3.41 3.23 2.78
Parish–Morris et al., 2017 ADOS RRB 6–17 (M = 9.96; SD = 2.05) 49 7.27 2.32 16 6.50 3.14 65
Cola et al., 2022 ADOS RRB 6–15 (M = 10.4; SD = 1.9) 76 2.66 1.65 25 2.64 1.87 101
 Key,  Jones et al.,  2022; Key, 

Yan et al.,  2022
ADOS RRB 10–16 (M = 12.9; SD = 1.6) 17 4.18 1.74 17 3.24 1.39 34

Libster et al., 2022 ADOS RRB 6–15 (M = 10.4; SD = 1.8) 29 6.54 3.07 29 6.83 2.22 58
Neuhaus et al., 2021 ADOS RRB 8–17 (M = 12.3; SD = 2.9) 81 6.54 2.59 61 6.84 2.59 142
Osório et al., 2021 ADOS RRB 2–12.9 (M = 5.4; SD = 2.61) 138 7.7 1.88 26 7.27 2.44 164
Song, Kim, et al., 2021 ADOS RRB 1.5–3.5 (M = 2.8; SD = 0.5) 207 5.01 2.34 54 5.42 2.32 261

ADI–R RRB 4.2 2.24 4.02 2.3
Waizbard–Bartov et al., 2022 ADOS RRB 3–11 (M = 3.1; SD = 0.5) 128 8.3 1.6 54 8.1 1.6 182
Wang et al., 2017 ADI–R RRB 2–6.9 (M = 3.7; SD = 1.2) 836 4.55 2.06 228 3.59 1.87 1064
Supekar et al., 2022 ADI–R RRB M = 13.3; SD = 6.2 126 5.6 2.6 552 5.3 2.7 678
Charman et al., 2017 RBS–R 6–30 (M = 16.7. SD = 5.8) 317 17.16 14.01 121 15.76 13.48 438
Harrop et al., 2018a RBS–R 6–10 (M = 9; SD = 1.2) 25 28.80 16.91 26 34.38 23.03 51
Harrop et al., 2018b RBS–R 6–10 (M = 8.6; SD = 1.6) 23 26.26 13.83 22 34.95 22.61 45
Nowell et al., 2019 RBS–R 6–17 (M = 9.96; SD = 2.05) 27 29.70 16.57 27 35.08 22.85 54
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Table 2  Mean (M) values and standard deviations (SD) of age and measurement scores for the included articles addressing gender differences in 
functioning outcomes (i.e. cognitive, socioemotional, and behaviour)

Article Measures Age range in years (M; SD) Males Females Total N

N M SD N M SD

Socioemotional and behavioural outcomes
Duvekot et al., 2017 CBCL externalising 2.5–10 (M = 6.7; SD = 2.3) 106 64.2 10.7 24 68.5 9.6 130

CBCL internalising 63.3 9.9 70 8.1
Frazier et al., 2014 CBCL externalising 4–18 (M = 9.2; SD = 3.6) 2114 56.37 10.62 314 58.04 10.10 2428

CBCL internalising 60.37 9.47 60.15 9.76
Vineland DLS 76.88 13.81 73.51 13.53

Pisula et al., 2017 CBCL externalising 11–18 (M = 13.8; SD = 2.1) 35 16.66 10.26 35 16.71 10.43 70
CBCL internalising 20.74 11.42 24.34 11.37

Postorino et al., 2015 CBCL externalising 2–5.4 (M = 3.55; SD = 0.9) 30 52.33 16.55 30 51.72 6.92 60
Prosperi et al., 2021 CBCL externalising 1.5–6.1 (M = 3.8; SD = 1.1) 107 54.06 10.46 107 52.87 9.56 214

CBCL internalising 59.85 11.58 56.79 10.73
Wiggins et al., 2021 CBCL internalising 2–5 1209 62.29 9.63 271 63.61 9.8 1480
Ross et al., 2022 CBCL internalising 4–17.9 (M = 8.9; SD = 3.6) 374 60.4 9.8 359 59.4 10.9 733
Mandic-Maravic et al., 2015 Vineland DLS M = 6.73; SD = 4.33 83 62.71 18.94 25 70.8 18.05 108

Vineland MS 73.67 15.29 79 14.73
Reinhardt et al., 2015 Vineland DLS M = 2.3; SD = 1 181 81.56 13.03 44 79.73 14.3 225

Vineland MS 84.27 13.87 83.02 14.73
White et al., 2017 Vineland DLS 7–18 (M = 12.4; SD = 2.6) 130 85.08 15.01 57 77.79 15.68 187
Neuhaus et al., 2021 Vineland DLS 8–17 (M = 12.3; SD = 2.9) 81 75.94 13.09 61 78.65 14.82 142
Cognitive outcomes
Harrop et al., 2018a DAS–II GCA 6–10 (M = 9; SD = 1.2) 25 115.23 31.69 26 96.75 32.48 51
Harrop et al., 2018b DAS–II GCA 6–10 (M = 8.6; SD = 1.6) 23 120.51 26.36 22 98.55 34.61 45
Harrop et al., 2019 DAS–II GCA 6–10 (M = 8.9; SD = 1.1) 23 9.72 2.31 19 7.93 2.85 42
Parrish–Morris et al., 2017 DAS–II GCA 6–17 (M = 9.96; SD = 2.05) 49 106.00 14.00 16 104 13.00 65
Lawrence et al., 2022 DAS–II GCA 8–17 (M = 13.6; SD = 2.7) 30 105.2 15.82 31 100.77 22.43 61
Bitsika & Sharpley., 2019 WASI FSIQ 6–17 (M = 10.15; SD = 2.7) 32 95.8 13.7 32 99.9 12.8 64
Bitsika et al., 2018 WASI FSIQ 6–17 (M = 10.15; SD = 2.7) 51 97.9 12 51 98.2 13.1 102
Boorse et al., 2019 WASI FSIQ 7–14 (M = 10.4; SD = 1.7) 41 105.95 11.94 21 105.58 9.63 62

WASI VIQ 105.46 11.7 108.95 11.35
WASI PIQ 106.54 12.89 108.14 11.93

Coffman et al., 2015 WASI FSIQ 8.3–13 (M = 10.2; SD = 1.7) 12 98.82 19 12 100.17 20.06 24
Corbett et al., 2021 WASI FSIQ 10–16.1 (M = 12.8; SD = 1.9) 115 98.98 18.5 46 97.48 17.3 161

WASI VIQ 97.98 18.5 100.5 16.2
WASI PIQ 99.77 20.2 95.96 19.3

Cummings et al., 2020 WASI FSIQ 8–17 (M = 13.5; SD = 2.7) 37 106.76 13.6 16 100.63 19.2 53
Duvekot et al., 2017 WASI FSIQ 2.5–10 (M = 6.7; SD = 2.3) 106 95.3 17.4 24 99.9 18.9 130

WASI VIQ 83 97.8 14.9 21 98.9 19.1 104
WASI PIQ 95 97.7 17.9 21 102.9 13.8 116
WISC FSIQ 101 95.3 17.4 22 99.9 18.9 123
WISC VIQ 82 97.8 14.9 203 91.54 13.21 312
WISC PIQ 95 97.7 17.9 21 102.9 13.8 116

Goddard et al., 2014 WASI FSIQ 8–16 (M = 12.9; SD = 2.1) 12 104.3 12.4 12 107.4 13.5 24
Lai et al., 2017 WASI FSIQ 18–49 (M = 27.5; SD = 7.45) 30 115.4 14.1 30 114.9 13.8

WASI VIQ 114.3 12.9 115.8 13.1 60
WASI PIQ 113.3 15 110.4 16.7

Lehnhardt et al., 2016 WAIS FSIQ Not available 69 111.7 13.9 38 110.2 14.4 107
WAIS VIQ 114.7 12.9 110 13
WAIS PIQ 106.2 15.9 108.3 15.6
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Table 2  (continued)

Article Measures Age range in years (M; SD) Males Females Total N

N M SD N M SD

May et al., 2014 WASI FSIQ 7–12 (M = 9.9; SD = 1.9) 28 96.7 14.7 28 95.6 11.3 56

WASI VIQ 98.5 15.3 99.25 13.3

WASI PIQ 104.6 15.8 95.7 13.1
McFayden et al., 2019 WASI FSIQ 2–83 (M = 14.3; SD = 14.4 55 91.80 18.01 20 103.13 15.55 75
Sedgewick et al., 2019 WASI FSIQ 11–18 (M = 14.4; SD = 1.8) 26 104.92 16.11 27 99.15 16.47 53

WASI VIQ 103.08 13.41 96.41 14.52
WASI PIQ 105.92 19.19 101.43 16.97

Sedgewick et al., 2016 WASI FSIQ 12–16 (M = 13.5; SD = 1) 10 78.4 11.26 13 81.17 11.5 23
WASI VIQ 79.5 12.14 77.77 11.28
WASI PIQ 81.2 16.09 84 15.38

Song et al., 2021 WASI FSIQ 8–16.7 (M = 11.6; SD = 2.5) 33 105.27 13.03 17 109.76 11.99 60
WASI VIQ 104.76 13.17 108.35 11.66
WASI PIQ 104.55 12.43 108.24 14.48

Wilson et al., 2016 WASI FSIQ 18–75 163 99.4 17.6 41 92.4 20.2 204
WASI VIQ 226 101.1 17.2 56 96.3 19.3 282
WASI PIQ 223 95.2 17.9 56 92 19.1 279

 Key,  Jones et al.,  2022; Key, 
Yan et al.,  2022

WASI FSIQ 10–16 (M = 12.8; SD = 1.9) 23 101.87 18.33 22 100.05 17.55 45
WASI VIQ 102.7 19.5 108.38 14.25
WASI PIQ 100.87 18.24 94.29 18.31

 Key,  Jones et al.,  2022; Key, 
Yan et al.,  2022

WASI FSIQ 10–16 (M = 12.9; SD = 1.6) 17 99.94 18.23 17 99.29 17.16 34
WASI VIQ 102 19.5 108.38 14.25
WASI PIQ 96.5 18.06 93.94 19

Sturrock, Mardsen et al., 2020; 
Sturrock, Yau et al., 2020

WASI PIQ 8.1–11.1 (M = 10.1; SD = 0.8) 13 106.46 11.93 13 107.69 17.32 26

Conlon et al., 2019 WISC FSIQ 8–9 (M = 8.7; SD = 0.2) 671 88 15.99 203 87.46 16.86 874
WISC VIQ 91.54 13.99 91.54 13.21
WISC PIQ 94 14.93 94.08 14.92

Kauschke et al., 2016 WISC FSIQ 8–19 (12.5; 3.1) 11 99.73 13.36 11 98.46 14.02 22
WISC VIQ 105 11.99 105.1 15.41
WISC PIQ 97.1 14.13 98.4 22.62

Kumazaki et al., 2015 WISC FSIQ 5–9 (M = 7.5; SD = 1) 26 97.6 13.5 20 97.5 13.6
WISC VIQ 96.9 18.6 97.3 15.2 46
WISC PIQ 98.5 11.3 98.3 12.7

Mussey et al., 2017 WISC FSIQ 1.7–56.3 (M = 10.3; SD = 6.6) 566 85.98 21.8 113 85.59 22.1 679
WISC VIQ 92.27 20.8 90.68 21
WISC PIQ 94.74 19.8 89.65 20.8

Nasca et al., 2020 WISC FSIQ 6–12 (M = 9; SD = 1.8) 40 103.35 13.75 40 103.25 15.93 80
Rodgers et al., 2019 WISC FSIQ 6–12 (M = 8.9; SD = 1.7) 34 104.44 13.99 34 104.64 16.04 68

WISC VIQ 104.1 14.15 104.03 16.09
WISC PIQ 103.84 16.53 104.74 16.4

Kiep & Spek et al., 2017 WISC FSIQ 19–60 (M = 36.5; SD = 10) 99 109.62 12.44 40 107.86 12.14 139
WISC VIQ 108.57 14.26 108.09 11.31

Harrop et al., 2017 MSEL nonverbal age equiva-
lent

2–5.9 (M = 3.8; SD = 0.6) 14 23.35 7.86 14 27.12 10.27 28

Harrop, Gulsrud et al., 2015; 
Harrop, Shire et al., 2015

MSEL nonverbal age equiva-
lent

3–4 (M = 3.1; SD = 1.3) 29 30.2 6.49 29 32.29 11.86 58

Harrop, Gulsrud et al., 2015; 
Harrop, Shire et al., 2015

MSEL nonverbal age equiva-
lent

1.8–4.5 (M = 3.4; SD = 0.7) 40 32.93 12.68 40 33.64 12.03 80

Reinhardt et al., 2015 MSEL nonverbal age equiva-
lent

M = 2.3; SD = 1 234 26.07 9.09 54 25.64 8.85 288
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Fig. 2  Forest plots of the 
gender differences in the autism 
core symptoms—severity of 
symptoms and social interaction 
difficulties
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CI = (−0.57; −0.04), z = −2.26, p = 0.02, and in the SRS-2 
total-T score, SMD = −0.23, 95% CI = (−0.39; −0.06), 
z = −2.74, p < 0.01, in which autistic females presented 
more social interactive impairments than autistic males.

Restricted Interests and Repetitive and Stereotyped Behaviour

There were no significant gender differences in the RRB 
scale of the ADOS, SMD = 0.10, 95% CI = (−0.05; 0.24), 
z = 1.31, p = 0.19, or in the RBS-R total score, SMD = 0.02, 
95% CI = (−0.08; 0.12), z = 0.37, p = 0.71.

Cognitive, Socioemotional, and Behavioural 
Functioning Outcomes

The meta-analysis revealed gender differences in the GCA 
of the DAS-II, SMD = 0.44, 95% CI = (0.18; 0.69), z = 3.39, 
p < 0.01, in which males presented higher conceptual ability 
scores than females. No significant gender differences were 
observed in the WASI/WAIS FSIQ, SMD = −0.00, 95% 
CI = (−0.13; 0.12), z = −0.06, p = 0.95, VIQ, SMD = 0.01, 95% 
CI = (−0.15; 0.18), z = 0.17, p = 0.87, and PIQ, SMD = 0.09, 
95% CI = (−0.05; 0.22), z = 1.25, p = 0.21, or for the WISC 

FSIQ, SMD = 0.02, 95% CI = (−0.09; 0.12), z = 0.36, p = 0.72, 
VIQ, SMD = 0.02, 95% CI = (−0.09; 0.13), z = 0.37, p = 0.71, 
and PIQ, SMD = 0.04, 95% CI = (−0.14; 0.21), z = 0.39, 
p = 0.70. Moreover, no gender differences were observed in the 
Non-Verbal Age Equivalent scale of the MSEL, SMD = −0.06, 
95% CI = (−0.27; 0.15), z = −0.53, p = 0.60.

As for socioemotional and behavioural phenotypes, the 
meta-analysis showed gender differences in the Externalis-
ing Problems scale of the CBCL, SMD = −0.09, 95% CI 
(−0.19; −0.02), z = −2.01, p = 0.04, in which females pre-
sent higher externalising problems scores than males. No 
statistically significant gender differences were observed in 
Internalising Problems scale of the CBCL, SMD = −0.05, 
95% CI = (−0.25; 0.15), z = −0.50, p = 0.61, or in the  
Daily Living Skills of the Vineland, SMD = 0.08, 95% 
CI = (−0.22; 0.37), z = 0.51, p = 0.61.

Discussion

This study examined phenotypic gender differences in autism 
core symptoms (i.e. communication, social interaction 
and restricted interests, and repetitive and stereotyped 

Fig. 3  Forest plots of the gender differences in the cognitive and behavioural phenotypes



Neuropsychology Review 

behaviour), and in cognitive (i.e. intellectual functioning), 
socioemotional (i.e. internalising problems), and behavioural 
(i.e. externalising behaviours) phenotypes. The meta-
analysis revealed no gender differences in the domains of 
communication and restricted interests and repetitive and 
stereotyped behaviours. However, significant differences were 
observed between autistic females and males in the severity 
score of the ADOS and in the social interaction domain.

The results indicated that autistic females show a less 
severe presentation of autism symptoms than males when 
measured using the ADOS. This is consistent with previous 
studies and systematic reviews suggesting that males exhibit 
a more severe presentation of symptoms than females when 
assessed with clinical instruments (Waizbard-Bartov et al., 
2022). Similarly, for the social interaction domain, the meta-
analysis revealed that autistic males displayed increased 
social interaction difficulties compared to females in the 
ADOS, which is in accordance with other evidence (Mandy 
et al., 2012). However, when these dimensions were assessed 
with the SRS-2 or the Vineland-II scales, which are parent/
caregiver or teacher (in the case of the SRS-2) reports, autis-
tic females exhibited increased social interaction problems. 
This is in line with other research suggesting that autistic 
females are usually more impaired on parent-report measures 
of social functioning than males, despite the performance on 
standard diagnostic measures (Ratto et al., 2018). This may 
also be related to higher social expectations towards females, 
as they are expected to display more pro-social behaviours 
and establish closer social relationship with others (Tubío-
Fungueiriño et al., 2021). When this is not the case, autistic 
females are likely to be perceived as having more difficulties 
in social interactions (Hull et al., 2019).

As for the functioning outcomes, the meta-analysis 
yielded gender differences in the cognitive and behavioural 
phenotypes. Particularly, autistic females presented more 
cognitive difficulties and externalising problems (e.g. 
defiance or aggressive behaviours) compared to autistic 
males. This is in line with other evidence suggesting that 
autistic females exhibit poorer intellectual functioning and 
more externalising behaviour difficulties, such as more 
irritability or self-injurious behaviours, than autistic males 
(Frazier et al., 2014). This seems to indicate that for females 
to receive a diagnosis of autism, they must present marked 
difficulties in overall functioning outcomes. For example, a 
study demonstrated that when females and males were rated 
similarly on diagnostic measures, females with higher IQs 
were less likely to meet the criteria for receiving a diagnosis 
of autism (Ratto et al., 2018). This is also in accordance with 
research indicating that autistic females need to exhibit more 
intellectual and behavioural problems to be captured by the 
current autism diagnostic criteria (Posserud et al., 2021).

In sum, the results seem to indicate that the clinical stand-
ard measures to assist an autism diagnosis are biased towards 

a male manifestation of ASD (Halladay et al., 2015; Loomes 
et al., 2017). Interestingly, even with comparable levels of 
symptom severity, females are less likely than males to 
receive a diagnosis of autism (Geelhand et al., 2019). It is 
possible that a female presentation of autism, potentially 
marked by differences in symptoms severity manifestation 
and social interaction skills compared to males, is not being 
captured by the current clinical procedures, which may con-
stitute a barrier for females being properly diagnosed (Estrin 
et al., 2021). Symptoms and difficulties of autistic females 
may be expressed differently from the traditional, male-
biased diagnostic criteria for autism, or may even express 
characteristics and/or behaviours that are not included in 
these criteria. In fact, one hypothesis that has gained increas-
ing interest in the literature as underpinning the female 
autism phenotype is camouflaging, which appears to addi-
tionally support gender differences in the manifestation of 
autistic traits (Hull, Lai et al., 2020; Hull, Petrides et al., 
2020). In addition, given the differences observed between 
clinician- and parent-reported measures, it is possible that 
females may be more motivated or able to camouflage dur-
ing clinical assessments (i.e. more structured interactions), 
whereas a parent would be aware of difficulties in less struc-
tured settings (e.g. home). Although camouflaging had been 
attributed to autistic females, a comprehensive approach is 
needed to understand gender differences in the use of cam-
ouflage strategies/behaviours. To address this issue, we 
conducted a systematic review and meta-analysis comparing 
camouflaging between autistic females and males.

Study 2 – Camouflaging Differences 
in Autism

Study 2 addresses gender differences in the use of camou-
flage strategies. This study also extends a previous systematic 
review conducted by our research team (Tubío-Fungueiriño  
et al., 2021) on camouflaging in autistic females.

Method

Literature Search

This study expands on a previous systematic review con-
ducted by our research team (Tubío-Fungueiriño et al., 
2021) on camouflaging in autistic females. In our previous 
research, we performed a literature search for empirical arti-
cles published between January 2009 and September 2019, 
which resulted in 13 studies that were included in that sys-
tematic review. Here, we conducted an additional search for 
articles published between October 2019 and October 2022. 
The same electronic databases described in study 1 and in 
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Tubío-Fungueiriño et al. (2021) were searched for empirical 
studies in English. Studies were considered if (i) enrolled 
males and females with a diagnosis of autism or Asperger’s 
syndrome according to the DSM-IV-TR and/or DSM 5 diag-
nostic criteria (APA, 2013), and (ii) were focused on cam-
ouflaging, masking, compensation, assimilation, copy, or 
imitation behaviours of autistic symptoms in females. The 
following search terms 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*).

Procedure

The database search resulted in 1268 articles, of which 400 
were duplicated. Thus, the title and abstract of 868 articles 
were screened for the inclusion criteria by two researchers 
(SCZ and MTF). Two other researchers (SC and MF) acted 
as consultants in case of any conflict.

Articles were excluded if (i) used non-human samples 
(n = 53); (ii) were not in article format (e.g. case reports, 
reviews, or meta-analysis) (n = 47); (iii) the main pathol-
ogy described was not autism or Asperger (n = 366); and 
(iv) were not focused on the study of camouflaging with 
an autistic population (n = 369). The screening resulted 
in 33 potentially relevant articles that were retrieved and 
screened for the inclusion criteria. Of these, one article 
could not be retrieved. After examining the remaining 
32 articles, 10 were further excluded either because they 
did not include information about the diagnosis (n = 6), 
consisted of same gender participants (n = 3), or did not 
examine camouflaging in autistic population (n = 1).

Therefore, 22 studies were selected, and the full text was 
retrieved and screened for inclusion criteria. At this moment, 
three studies were excluded because they enrolled the same 
participants as described in other studies thus reporting the 
same results. We decided to include Cook et al. (2021) and 
Jorgenson et al. (2020) because they were conducted first 
and focused on camouflage behaviours in autistic individu-
als. These 19 studies were added to the 13 articles previously 
included in our systematic review (Tubío-Fungueiriño et al., 
2021), resulting in 32 studies, whose full text was examined. 
Figure 4 depicts the flowchart of the selection procedures.

Data Selection and Extraction

The following information was extracted from the articles: 
(i) sample size, (ii) gender distribution, (iii) autism diagnosis 
information, and (iv) instruments used and scores for meas-
uring camouflaging behaviours.

Of the 32 studies, 15 measured camouflaging using The 
Camouflaging Autistic Traits Questionnaire (CAT-Q), six 
used the discrepancy method (i.e. capture and compare 

individuals’ scores on different measures), one used meas-
ures of social ability, and 10 conducted qualitative meth-
ods, such as observation (n = 3), or author-developed sur-
veys (n = 7). However, due to the optimal statistical power 
to perform the meta-analysis, only the studies that used 
the CAT-Q were considered. Of the 15 studies, five were 
excluded because they did not report camouflaging score 
separated by gender.

Ten studies investigating camouflaging in autistic indi-
viduals were included in the meta-analysis (see Table 3 for 
detailed information about these studies). The quality and 
risk of bias of these were assessed using the JBI (Supple-
mentary Material Table 2). Three studies were conducted 
with adolescents and seven with adults. Five studies reported 
gender differences considering only the total score of the 
CAT-Q, while six reported gender differences considering 
not only the total score, but also the scores of the additional 
three subscales—compensation, assimilation, and mask-
ing. Of the six studies that reported all the CAT-Q scores 
(the total and the three subscale), two were conducted with 
adolescents and four with adults. In addition, three studies 
enrolled non-binary autistic individuals, of which one pre-
sented only the CAT-Q total score and two the CAT-Q total 
and the subscales scores.

In total, the studies included in the meta-analysis enrolled 
1172 participants, of whom 516 were males, 655 females, 
and 35 non-binaries. Of these, 998 were adults (592 males 
and 406 females) and 173 adolescents (110 males and 63 
females).

Data Analysis

Data analysis was conducted for the CAT-Q total score and 
for the subscales—compensation, assimilation, and mask-
ing. Gender comparisons were computed for adults and ado-
lescents separately. A SMD above zero indicates that males 
display more camouflage behaviours, whereas a SMD below 
zero indicates that females present more camouflage behav-
iours. As in study 1, the random-effects results are discussed, 
regardless of the level of heterogeneity. Because no age differ-
ences were observed, results for overall effects are presented.

Results

Figure 5 depicts the forest plots of the statistically significant 
gender differences in the CAT-Q total score and in the com-
pensation, masking, and assimilation subscales.

The meta-analysis revealed that females scored higher 
than males in the total score of the CAT-Q, SMD = −0.30, 
95% CI = (−0.48; −0.12), z = −3.26, p < 0.01. No significant  
gender differences were observed between females or males 
and non-binary participants. The meta-analysis revealed 
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that females scored higher than males in the compensation, 
SMD = −0.29, 95% CI = (−0.51; −0.07), z = −2.60, p < 0.01, 
and masking, SMD = −0.24, 95% CI = (−0.45; −0.02), 

z = −2.13, p = 0.03, subscales. However, meta-analysis 
indicated no gender differences in the assimilation subscale, 
SMD = −0.23, 95% CI = (−0.46; 0.00), z = −1.93, p = 0.05.

Fig. 4  PRISMA flowchart depicting study selection procedures
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Discussion

This study investigated gender differences in camouflag-
ing in autism. The results indicated that when using the 
CAT-Q, females exhibited higher total camouflaging 
scores than males. This supports the camouflaging hypoth-
esis in females and is consistent with other literature 
documenting that autistic females camouflage more than 
autistic males, both in adolescence and adulthood (Beck 
et al., 2020; Dean et al., 2017; Hull, Lai et al., 2020; Hull, 
Petrides et al., 2020). We also observed that females utilise 
more masking and compensation strategies, but not assimi-
lation, compared to males. Evidence is mixed regarding 
gender differences in the CAT-Q subscales, either report-
ing gender differences in masking and assimilation strate-
gies, but not in compensation (Hull, Lai et al., 2020; Hull, 
Petrides et al., 2020), or in assimilation and compensation 

strategies, but not on masking (McQuaid et al., 2022). 
Similarly, evidence shows that non-binary autistic adults 
exhibit camouflage behaviours (Hull, Lai et al., 2020; 
Hull, Petrides et al., 2020; McQuaid et al., 2022), although 
they are not significantly different from autistic cisgender 
females or males, which was also observed in our results.

Studies point to the fact that autistic females appear to be 
more motivated to participate and engage in social interac-
tions as they use different behavioural strategies to adapt 
to the demands of social environments (Wood-Downie, 
Wong, Kovshoff, Cortese et al. 2021; Wood-Downie, Wong, 
Kovshoff, Mandy et al. 2021). Our meta-analysis supports 
this evidence and further suggests that this appears to be 
achieved primarily through the utilisation of two camouflag-
ing strategies—masking and compensation.

Masking is used to cover natural responses and adopt 
alternative behaviours to be accepted in social situations 

Table 3  Mean (M) values and standard deviations (SD) of age and CAT-Q total score and compensation, masking, and assimilation subscales 
scores for the included articles addressing camouflaging in autism

Article CAT-Q Age range in years (M; SD) Males Females Total N

N M SD N M SD

Belcher et al., 2022 Total score 18–40 (M = 25.6; SD = 14) 20 114.47 27.06 20 123.2 28.76 40
Compensation 39.53 11.4 42.6 12.68
Masking 34.58 11.93 38.5 11.17
Assimilation 40.37 8.45 42.05 12.25

Milner et al., 2022 Total 20–25 (M = 22.5) 34 97.35 22.27 42 108.76 24.33 76
Compensation 35.26 11.2 42.04 11.86
Masking 43.02 13.25 44.46 13.2
Assimilation 39.01 9.08 44.2 9.59

Hull, Lai et al., 2020; Hull, Petrides et al., 
2020

Total 19–58 (M = 34.74; SD = 10.45) 108 109.64 26.50 182 124.35 23.27 290
Compensation 36.81 12.14 41.85 11.11
Masking 32.9 10.57 37.87 10.54
Assimilation 39.93 11.26 44.63 7.82

Hull, levy, et al., 2021; Hull, Petrides, 
et al., 2021

Total 13–18 (M = 14.5; SD = 1.7) 29 100.93 25.78 27 103.04 25.78 58
Compensation 34.13 12.17 35.18 12.51
Masking 34.43 9.47 34.65 9.72
Assimilation 32.37 10.58 33.2 10.31

Hull, Levy, et al., 2021 Total 18–75 (M = 41.9) 106 111.11 17.91 181 111.06 18.01 287
Compensation 40.25 11.54 40.22 11.59
Masking 35.92 6.91 35.9 6.95
Assimilation 34.94 4.07 34.93 4.09

Jorgenson et al., 2020 Total 13–18 (M = 15; SD = 1.7) 55 96.67 20.35 23 106.13 22.37 78
Compensation 33.07 10.42 38.26 9.39
Masking 29.75 10.81 35.0 7.73
Assimilation 33.56 8.83 33.56 8.93

Cage & Troxell-Whitman, 2019 Total score 18–66 (M = 33.6; SD = 11.5) 111 40.25 11.54 135 40.22 11.59 246
Cook et al., 2021 Total score 18–69 (M = 26.9; SD = 8.9) 6 35.92 6.91 8 35.9 6.95 14
Walsh et al., 2021 Total score 18–70 (M = 40.6; SD = 12.3) 21 120.21 30.34 24 107.00 23.29 45
Jedrzejewska & Dewey, 2022 Total score 13–19 (M = 14.1) 26 94.38 20.26 13 91.00 29.53 39
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Fig. 5  Forest plots of the gender 
differences in the CAT-Q total 
score and compensation, mask-
ing, and assimilation subscales
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(Hull et al., 2019). Studies show that autistic females often 
mimic other people’s facial expressions (Cook et al., 2018), 
suppress repetitive behaviours (Wiskerke et al., 2018), or 
maintain appropriate eye contact (Lai et al., 2017) to con-
form to social group norms. Compensation refers to the use 
of strategies to overcome specific social difficulties associ-
ated with autistic symptoms (Hull et al., 2019). For example, 
some studies showed that females tend use more nonverbal 
communication or reciprocal communication on preferred 
topics (Corbett et al., 2021; Hiller et al., 2014), appear to pay 
attention to faces (Harrop et al., 2019), or recognise and infer 
other’s emotional states (Lai et al., 2017). In addition, one 
study demonstrated that autistic females who scored high on 
compensation strategies exhibited stronger social engage-
ment and communication behaviours (Corbett et al., 2021).

Females seem to exhibit more socially appropriate behav-
iours than males, expressed mainly through masking and 
compensation strategies, which may prevent them from 
displaying the typical presentation of autism and therefore 
do not conform to the current diagnostic assessment crite-
ria (McQuaid et al., 2022). This seems to be in line with 
the results of our first the meta-analysis, which indicated 
that when assessed with standard clinical measures, autis-
tic females show less severe symptoms and social interac-
tive difficulties. Furthermore, evidence suggests that high 
cognitive abilities (e.g. executive functions) are required to 
perform compensation and masking behaviours, as they need 
to self-monitor and inhibit innate behaviours (Hull, Levy, 
et al., 2021; Hull, Petrides, et al., 2021). This is equally in 
line with our first meta-analysis which that females need 
to present higher cognitive and behavioural problems to be 
diagnosed. It is possible that by masking and compensating 
for their autistic symptoms, females are more likely of being 
uncaptured by the current clinical criteria.

General Discussion

This work has emphasised important gender differences in 
autism presentation, with females exhibiting lower symptom 
severity and impairments in social interaction. The under-
diagnosis of autism in females may be due to a different 
expression of autistic symptoms compared to males, there-
fore not meeting current diagnostic criteria, as they perhaps 
manifest a specific female autism phenotype (Hull, Lai et al., 
2020; Hull, Petrides et al., 2020).

Our results support the argument that current clinical 
diagnostic tools are biased towards males and that females’ 
autism presentation may be overlooked in the diagnostic pro-
cess, especially if they do not present marked cognitive and/
or behavioural difficulties. These findings have important 
implications for how clinicians measure autistic symptoms 
severity and social interaction difficulties, which certainly 

determines the assessment of behavioural symptoms in 
females. If diagnostically relevant behaviours, especially 
social-related behaviours, are being camouflaged, this may 
exacerbate the possibility of females being underdiagnosis 
or misdiagnosis (Cook et al., 2022). It is possible that autism 
is underdiagnosed in females because they camouflage their 
social difficulties and therefore conceal symptoms and do 
not meet current diagnostic criteria. This may reflect a dif-
ferent autistic profile between females and males and con-
tribute to the imbalance in the diagnosis of autism.

Furthermore, research has shown that autistic females 
experience increased internalising and mental health prob-
lems because the try to ‘fit in’ socially by camouflaging 
their autistic traits (Beck et al., 2020). Other research has 
also shown that females who engage in camouflaging tend 
to deliberately inhibit ASD-related behaviours (i.e. exter-
nalising problems, such as repetitive behaviours) (Corbett 
et al., 2021). In sum, evidence suggests that for females to 
be diagnosed, they must present increased difficulties that, 
if camouflaged, are unlikely to be captured by current diag-
nostic procedures.

The lack of a better understanding of a possible female 
autism phenotype, potentially consisting of camouflaging, 
may hinder the accurate identification of autistic females 
(Allely, 2019). In accordance, recent camouflaging-oriented 
assessment tools, such as the CAT-Q, may be a useful measure 
to address this issue, capturing different forms of camouflag-
ing strategies and, if integrated into clinical settings, aiding 
earlier and more accurate diagnoses, especially in females.

Limitations and Future Directions

Although this work aimed to comprehensively understand 
gender differences in autism core symptoms, functioning 
outcomes, and camouflaging, synthesising evidence of this 
sort was challenging because studies use numerous and dif-
ferent assessment instruments. Because of this, and to not 
lose statistical power in the first study, the analysis was not 
computed controlling for participants’ age. This is a limita-
tion. In particular, the significant results observed for the 
DAS (compared to other IQ measures) should be interpreted 
with caution. Developmental differences also contribute for 
the results (e.g. the heterogeneity in the trajectory of autistic 
symptoms across childhood, adolescence, and adulthood) 
and, thus, future studies should replicate this meta-analysis, 
controlling for age effects. In addition, the full range of IQ 
was not considered in this study as the presence of ID was an 
exclusion criterion. Other research should confirm our find-
ings considering the full range of IQ. In the second study, 
despite including non-binary people in the analysis, they 
may not be in sufficient number to capture significant differ-
ences. It is important that future research continue to address 
possible differences in the expression of autistic traits in 
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non-binaries. Importantly, we did not analyse the link 
between cognitive performance and the use of camouflaging 
strategies. Future studies should examine this relationship. 
Besides, the inclusion of only English language articles may 
not capture possible cultural variations that may be influ-
encing the diagnosis, which should be account for in other 
investigations. Finally, future research should also include 
both quantitative and qualitative approaches to add to the 
comparison of camouflaging experiences across individuals.

Conclusion

Epidemiological and clinical studies in autism have established 
a male predominance in autism prevalence, possible gender dif-
ferences in autistic traits and a greater diagnostic difficulty for 
females. Perhaps females express their autistic traits differently, 
such as through camouflaging, and are therefore probably being 
underserved by the current conceptualisation and recognition 
of autism (Estrin et al., 2021). As a result, females may experi-
ence longer delays in clinical assessments and, consequently, 
are being underdiagnosed and/or misdiagnosed. It is thus 
important to improve and widespread the understanding and 
recognition of an autism presentation in females. Otherwise, 
autistic females may be at greater risk for marginalisation expe-
riences, such as loss of personal, academic, and professional 
opportunities, loss of social support and understanding, and, 
consequently, at greater vulnerability to physical and mental 
health (e.g. anxiety and depression) problems.
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