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Abstract

Autism is a neurodevelopmental condition, behaviourally identified, which is generally characterised by social com-
munication differences, and restrictive and repetitive patterns of behaviour and interests. It has long been claimed
that it is more common in males. This observed preponderance of males in autistic populations has served as a focus-
sing framework in all spheres of autism-related issues, from recognition and diagnosis through to theoretical models
and research agendas. One related issue is the near total absence of females in key research areas. For example, this
paper reports a review of over 120 brain-imaging studies of social brain processes in autism that reveals that nearly
70% only included male participants or minimal numbers (just one or two) of females. Authors of such studies very
rarely report that their cohorts are virtually female-free and discuss their findings as though applicable to all autistic
individuals. The absence of females can be linked to exclusionary consequences of autism diagnostic procedures,
which have mainly been developed on male-only cohorts. There is clear evidence that disproportionately large
numbers of females do not meet diagnostic criteria and are then excluded from ongoing autism research. Another
issue is a long-standing assumption that the female autism phenotype is broadly equivalent to that of the male
autism phenotype. Thus, models derived from male-based studies could be applicable to females. However, it

is now emerging that certain patterns of social behaviour may be very different in females. This includes a specific
type of social behaviour called camouflaging or masking, linked to attempts to disguise autistic characteristics. With
respect to research in the field of sex/gender cognitive neuroscience, there is emerging evidence of female differ-
ences in patterns of connectivity and/or activation in the social brain that are at odds with those reported in previ-
ous, male-only studies. Decades of research have excluded or overlooked females on the autistic spectrum, resulting
in the construction of inaccurate and misleading cognitive neuroscience models, and missed opportunities to explore
the brain bases of this highly complex condition. A note of warning needs to be sounded about inferences drawn
from past research, but if future research addresses this problem of male bias, then a deeper understanding of autism
as a whole, as well as in previously overlooked females, will start to emerge.

Highlights

- Several decades of neuroimaging research into autism has been based almost entirely on males; even big data
sets show strong evidence of male bias.
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- There is clear evidence that autistic females are being excluded from the research process by failures in diagnos-
tic practices that have been developed on male-biased cohorts.

+ Models of autism which inform research protocols are based on male autism phenotypes; it appears to have
been assumed that the substantially fewer females that are diagnosed will present with equivalent, if milder, pat-
terns of autistic differences.

- Newly emerging findings from social cognitive neuroscience research studies investigating sex/gender differ-
ences in autistic behaviour and associated biological correlates are demonstrating that the robust’autism-related
differences previously observed in autistic male-only cohorts do not fully generalise to autistic females.

«Autism research programmes should prioritise the exploration of sex/gender effects.

Keywords Autism, Sex/gender, Social brain, fMRI, Male bias, Camouflaging

Plain Language Summary

Autism is a neurodevelopmental condition, behaviourally identified, which is generally characterised by social com-
munication differences, and restrictive and repetitive patterns of behaviour and interests. It has long been claimed
that it is more common in males, with oft-quoted ratios of 4M: 1F. This has been reflected in the development of diag-
nostic criteria for autism and, consequently, of measures of eligibility for autism research programmes, with females
being (as is now emerging) disproportionately excluded.

As outlined in this review, this issue has been particularly problematic in brain-based studies of autism. Many studies
have only tested male autistic participants, or minimal numbers of autistic females. By default, sex differences were
not examined. But the impression given by such research reports has commonly been that the findings would be
applicable to all autistic individuals.

Recent psychological and clinical research has shown that there are a significant number of autistic females who have
been missed by traditional diagnostic practices. Their inclusion has increased their eligibility for autism research stud-
ies. With respect to brain research, it has become possible to devise studies with matched numbers of autistic females
and males, and to replicate studies that have previously only tested males. Newly emerging findings from such stud-

ies are demonstrating that the robust’ autism-related differences previously observed in autistic male-only cohorts

do not fully generalise to autistic females.

It will be necessary to exercise caution in drawing inferences from previous male-biased studies of the autistic brain.
However, the identification and inclusion of previously excluded female autistic participants hopefully offers more
accurate insights into this highly complex and heterogeneous condition.

Introduction

Autism Spectrum Disorder or Condition (ASD or ASC—
henceforth ‘autism’) is a lifelong neurodevelopmental
condition, behaviourally identified, which is generally
characterised by impairments in social and communica-
tive skills and restrictive and repetitive patterns of behav-
iour and interests. It is usually identified within the first
three to four years of life. Symptom profiles are very
heterogeneous, presenting with a wide spectrum of dif-
ficulties and several levels of severity [1, 2]. Autism is
estimated to affect 1% of children worldwide [3]. There
has been an exponential increase in reported preva-
lence rates over the years [4]; the most recent statistics
in the US quote rates of 1 in 36 children as being diag-
nosed as having autism [5] and a recent survey reported
a 787% increase between 1998 and 2018 [6]. It is gener-
ally accepted that such increases reflect increase in public
awareness and more proactive diagnostic practices.

Functional brain differences in autism

Autism is a highly heritable condition, with estimated
heritability ranging from 40 to 90%, and the search for
the genetic bases and associated neural and behav-
ioural correlates has been ongoing since 1970s [7-9].
As autism is clearly a brain-based condition, but only
recognisable behaviourally, neuroimaging techniques,
particularly those associated with social cognitive neu-
roscience, have proved fruitful, with over three thou-
sand studies published since 1999. Initial localisationist
studies focused on regionally specific structural com-
parisons, were mainly characterised by small, highly
heterogeneous cohorts, resulting in inconsistent find-
ings and lack of replication [10]. Subsequently, the focus
shifted to structural and functional connectivity and/
or identifying activation of task-related networks [11,
12]. Overall, such studies generally reported patterns of
both structural and functional atypical connectivity in
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autism, but the findings have been mixed and at times
contradictory [13, 14].

Autism and the social brain—accumulating evidence

With social behaviour difficulties a key feature of autism,
the emergence of the social brain hypothesis provided a
profitable framework for autism research. A core prem-
ise of the social brain theory is that the human brain has
evolved to be uniquely attuned to social interactions,
well equipped to navigate the complexities of human
society. Human brains are thus equipped with networks
dedicated not only to self-referential processing but also
to the processing of the thoughts, beliefs and intentions
of others. Higher level social processing underpins the
acquisition and retention of social knowledge and, in
interaction with key emotional and motivational cod-
ing processes, enables the production and regulation of
socially appropriate behaviour. Thus, it has been possible
to operationalise the core processes of social behaviour
and linked them to key neuronal structures and networks
[15-17]. See Table 1.

With respect to autism, this framework could then
be applied to those areas of social behaviour which had
been identified as atypical, such as difficulties with emo-
tional recognition or low levels of social engagement, and
thereby target potential structural and functional regions
of interest in the autistic brain. This offered a promising
way forward for a deeper understanding of the neural
bases of autism.

As the number of studies into the social neuroscience
of autism accumulated, it became possible to carry out
reviews and meta-analyses, including coordinate-based

Table 1 Social cognition processes and associated neural correlates
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activation likelihood (ALE) estimations of neuroimag-
ing data [27]. One of the first such summaries was an
ALE meta-analysis of functional brain correlates of
social and non-social processes in autism. A review of
39 functional imaging studies (37 using fMRI, 2 using
PET), implicated consistent patterns of hypoactivation
in the anterior cingulate and right anterior insula in
social tasks [28].

In 2016, another ALE review examined 50 different
fMRI studies of social cognition, defined as tasks focus-
sing on social information processing tasks, such as judg-
ing facial emotional expression [29]. Group differences
indicated underactivity in autistic participants in several
social brain areas, such as the amygdala, superior tempo-
ral gyrus and the cingulate cortex.

In 2018, a systematic review and meta-analysis of 13
brain imaging studies linked to the social motivation
hypothesis, that autistic individuals find social stimuli
less rewarding than neurotypicals [30], revealed large
clusters of reward circuitry hypoactivation in the autism
group in bilateral caudate and ACC regions [31]. An
additional systematic review of research into the social
motivation hypothesis reported on 27 papers, including 8
fMRI studies [32]. A summary of these studies indicated
hypo-activity in key parts of the social brain and associ-
ated regions such as the salience network, amygdala,
nucleus accumbens, caudate nucleus, ACC, insula and
ventral striatum.

A narrative review of the default mode network and its
association with social cognition reported on 29 stud-
ies of DMN (resting state) connectivity in autistic ado-
lescents [33]. 15 of the 29 studies found predominant

Social cognition processes

Neural correlates of social cognition

Social knowledge [17-20]

- Sense of self (inc. self-monitoring)

« Sense of others (inc. mentalising, person percep-
tion)

« Social norms/social context

« Social categories (e.g. ingroup/outgroup)

« Social cues (e.g. eye gaze, face processing, body
language, social prediction)

precuneus)

Social motivation [20-22]

« Prosocial behaviour (e.g. empathy, co-operation)
- Salience detection

- Belongingness/social exclusion/social pain

« Social reward/punishment processing

- Emotional feedback

anterior insula, ACC)
- Orbitofrontal cortex

- Amygdala

Social regulation [23-26]

- Behavioural choice (error evaluation/conflict
monitoring) « ACC

« Social attention - Amygdala
« Response inhibition/Impulse control - Insula

- Emotional regulation

- Default Mode Network (DMN- inc. dorsomedial prefrontal cortex, posterior cingulate cortex,

- Mentalising Network (inc. Ventromedial prefrontal cortex, orbitofrontal cortex, Superior temporal
Sulcus (STS); Temporal Parietal Junction (TPJ), Posterior Cingulate Cortex)
- Anterior Temporal Lobes ( anterior medial temporal cortex)

- Salience network (inc. ventrolateral prefrontal cortex (VIPFC), dorsolateral prefrontal cortex (dIPFC),

- Striatum (caudate nucleus, putamen, nucleus accumbens)

- Ventrolateral prefrontal cortex
- Dorsolateral prefrontal cortex
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underconnectivity in the DMN, associated with social
impairments.

And finally, an ALE review summarised fMRI data from
23 different studies of the functional architecture of the
reward processing system in autism, involving a range of
different reward paradigms, both social and non-social.
The authors concluded there was robust evidence for an
underactive striatal system in autistic individuals, evident
mainly in the right putamen and right nucleus accum-
bens. This was equated behaviourally with:"..diminished
pleasure, reduced motivation to acquire regarding stimuli
and less avoidance of punishment”[34].

Developmental aspects of the functional correlates
of social behaviour in autism were also being explored,
with the outcomes of child studies being compared with
those from adults, in order to investigate age-related
changes. An ALE meta-analysis of 18 child studies and
24 adult studies revealed age-related differences in pat-
terns of both hyper- and hypo-activation in fronto-tem-
poral structures, identifying the need for longitudinal
approaches to research in this area [35].

So, between the years of 1990 and 2020 (with most
studies in the last decade), accumulating neuroimaging
evidence from well over 100 studies was generating a
model of a characteristically under-active reward system
in autism, linked to key nodes of the social brain, par-
ticularly the striatum. This resonated well with the clas-
sic autism phenotype of a socially withdrawn individual,
apparently lacking in the motivation to form affective
contact with others [36]. There were even suggestions
that the striatum might be a promising target for neuro-
modulation [34].

But it emerges that this promising development was
based on incomplete data. Closer examination of the
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cohorts in each of the studies in each of these meta-
analyses revealed that, in many cases, only male autistic
participants were tested—in many of the remainder, only
one or possibly two females could be found. 45% of the
studies only included autistic males, with a further 24%
adding just 1 or 2 females. Of the more than four thou-
sand autistic participants tested overall, less than 10%
were female. Looking at each survey and averaging across
the cohorts from each of the studies reported, ASD M:
F ratios ranged from 27:1 to 6.29:1; put another way, the
percentage of females tested ranged from 3.5% to 13.7%.
See Table 2.

Obviously none of the 124 studies in the above reviews
carried out any sex different analyses; three of the seven
reviews did note this lack. And the studies identified in
the reviews almost invariably reported their findings in
terms of ‘autism’ or ‘ASD’ or ‘ASD youth, for example,
not drawing attention to the fact that they were only or
mostly studying males. Although a M/F difference in
the prevalence of autism has, as we shall see, long been
asserted as a possibly defining characteristic of the con-
dition, there are females on the spectrum and the near
absence of their representation in these and other such
studies should be a cause for concern. In a recent sur-
vey of twenty years of sex/gender autism brain imaging
research, of the 1428 articles on brain structure and func-
tion in autism, 30% only studied male participants (and
0.28% studied only females); 77% of the remaining stud-
ies were rejected because sex/gender variables were not
assessed or just treated as a covariate in analyses [37].

The male spotlight problem in autism
Almost since the emergence of the initial descriptions of
autism, one oft-repeated statistic is its greater prevalence

Table 2 Reviews of studies into social brain connectivity/activation in autism

Review authors N of studies in review Patterns of activation/Connectivity N of Male only Total ASD

(time range of studies reviewed) (duplicates removed) In ASD Studies participants
(brain areas emphasised) (+10r2F) M/F

Di Martino et al., 2009 24 Hypoactivation 17 (7) 270/10

(1990-2008) (esp. ACC and insula)

Dickstein et al,, 2013 10 Hypoactivation (in ASD adults) 6 (1) 124/11

(1999-2011)

Patriquin et al, 2016 30 Hypoactivation 14(11) 368/44

(1992-2014) (STS, TPJ,amygdala,insula)

Clements et al,, 2018 12 Hypoactivation 6(2) 219/24

(2010-2018) (ACC, bilateral caudate)

Bottini, 2018 6 Hypoactivation 2(2) 98/10

(2010-2015) (dorsal striatum, left caudate)

Nair et al,, 2020 29 Hypoconnectivity 8(3) 2397/263

(2010-2019) (DMN)

Janouschek et al,, 2021 13 Hypoactivation 4 (4) 239/38

2007-2020) (striatum)
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in males. The reported male: female ratio has sometimes
been stated as high as 15:1 [38] but, until recently, the
most commonly accepted estimate was 4:1[39].How-
ever, a more recent, systematically-calculated estimate of
autism prevalence studies indicated a ratio of below 3.5:1.
[40].

The observed preponderance of males in autistic pop-
ulations has served as a long-standing framework in all
spheres of autism-related issues, from recognition and
diagnosis, through to public awareness and stereotypi-
cal media representation, to theoretical models as well
as cutting-edge research agendas. It may also have cre-
ated a series of obstacles in the sphere of sex differences
research in autism [41].

Initially, there is the problem of ascertainment
bias, where some members of a target population are
excluded. With respect to autism, there is increas-
ing evidence that current diagnostic practices, includ-
ing referral and testing, are biased against females.
Clinician awareness of the autism-as-male model has
resulted in both qualitative and quantitative reports
of refusals and/or delays in referrals of girls for testing
[42, 43]. Scrutiny of the ‘gold standard’ tests for autism
diagnosis, the Autism Diagnostic Schedule (ADOS-2)
and the Autism Diagnostic Interview Revised (ADI-
R) [44, 45] has revealed problematic male biases in
the formulation of such tests, including non-gendered
norms for cut-off points and the male-focussed nature
of the associated observational scenarios and interview
schedules devised for assessing atypical patterns of
behaviour [46-49]. The Loomes et al. study mentioned
above that reported a lower M:F ratio than that tradi-
tionally accepted, noted that this was mostly evident in
studies using active ascertainment methods by commu-
nity-based sampling of autism traits rather than passive
acceptance of pre-existing autism diagnoses. A recent
statistical modelling approach to measuring the male
bias problem in both recognition and diagnoses sug-
gests that, with current diagnostic practices, as many
as 80% of autistic females could suffer from refused or
delayed assessment, or misdiagnosis into other catego-
ries such as borderline personality disorder [50]. So,
with respect to potential research cohorts, the pool of
female participants may be severely restricted by the
‘gatekeeping’ effect of commonly used tests..

An additional source of data loss is the so-called ‘leaky
recruitment-to-research pipeline’ problem. The use of
the above-mentioned gold standard tests has commonly
been a requirement for autism research funding. So even
where recruitment and screening is community-based,
and a potential pool of participants have been identified,
for example by the use of autistic trait questionnaires [51,
52] researchers may then be required to use ADOS and/
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or ADI tests to select their final cohorts. A recent study
from a group at MIT demonstrated that this can result
in the exclusion of females at a rate over 2.5 times higher
than males [53]. ADOS assessment tests were retrospec-
tively applied to 145 adults whose autism had been estab-
lished via a community diagnosis in order to participate
in ongoing research. After ADOS administration, 25 of
the community-diagnosed females (50% of the original
cohort) were excluded from further research participa-
tion, compared with only 19% of the males. This shifted
the male: female ratio from 1.9:1 to 3.1:1 in the final
research sample.

Under-studied females—the use of big data sets

There is universal agreement that autism, as currently
defined, is a hugely heterogeneous condition, character-
ised by the well-known saying “...if you've met one per-
son with autism, you've met one person with autism” A
wide range of symptom profiles and levels of severity are
encompassed within autism spectrum measures, which
then feeds into a variety of genetic explanations and
biological models. This heterogeneity impacts on any
scientific study of autism, particularly where population-
level comparisons are made, as such variability can mask
potentially relevant differences.

Increasing the size of available samples and/or data by
combining information from international, multidisci-
plinary centres was proposed as a way of increasing the
scale of autism studies, as well as improving issues of
cross- laboratory robustness and reproducibility of find-
ings [54]. Acknowledgment of the advantages of this
approach plus associated funding opportunities has led
to the establishment of several big data sets. A review in
2017 reported on 33 such resources [55], ranging from
50,000 cases in the SPARK data base [56] to 42 fMRI
brain connectivity matrices then available in the Human
Connectome project [57]. Additional such resources
include the EU-AIMS Longitudinal European Autism
Project (LEAP) [58] and the MRC Autism Imaging Multi-
centre Study (AIMS) [59].

Big data sets could address biological sex as a source
of heterogeneity, even where there is an accepted imbal-
ance in male—female prevalence data. Limitations on
studying ‘rarer’ females on the spectrum could be over-
come, at least partly, where wide-scale recruitment and/
or combination of multi-site data sets results in a suffi-
ciently large pool of female autistic participants to enable
meaningful group comparisons [60]. However, the initial
use of big data sets did not appear concerned with sex/
gender issues in autism. For example, the ‘inaugural’
paper from the first iteration of the Autism Brain Imag-
ing Data Exchange (ABIDE-1), launched in 2012 and
containing over a thousand fMRI resting-state datasets
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and phenotypic data sets from over 539 diagnosed autis-
tic individuals, only reported on analyses of male autistic
participants (N=360). Scrutiny of the ABIDE 1 data-
set reveals that 485 (88%) of the data sets were from
males; 25% of the sites invited to participate had anyway
excluded females “by design” [61].

A second iteration was launched in 2016, adding
another 487 autistic datasets, increasing the number of
females from 65 to 138, at this point specifically drawing
attention to sex-related differences as a possible source
of heterogeneity [62]. The female data set still only com-
prised 15% of the total, which was deemed a reflection of
the higher prevalence in males (although not a reflection
of even the traditional 4:1 ratio).

One aspect of these autism data sets is that eligibility
for inclusion almost invariably involves confirmation via
the use of the gold standard ADOS and/or ADI tests. The
MIT group that had revealed the consequences for their
own data set of this practice, also surveyed several large
publicly available autism data sets (SPARK, ABIDE II and
I). They found that where ADOS had been used to deter-
mine inclusion, the male: female ratio was of the order of
7:1. Where the data sets used community diagnoses, the
ratios varied from 0.68 to 1.8:1.

An additional feature of this ascertainment problem is
that, as it has been demonstrated that there is a male bias
in the test materials and the clinical thresholds, those
females who do acquire an autism diagnosis may, de
facto, be more similar to males on the spectrum. Where
female-male comparisons are part of a study rationale,
the study design should reflect appropriate sample sizes
to ensure adequate statistical power [63].

In the case of sex-difference autism studies, given the
possibility that differences may be minimised by selection
factors (as in the use of ADOS), sample sizes should be as
balanced as possible. As shown above, even recruiting to
the alleged 4:1 male: female ratio is rare and would any-
way not ensure sufficient statistical power. This should
be borne in mind when assessing autism sex-difference
studies using big data bases that did not find those sex
differences which might have been predicted from pre-
ceding small-scale studies. Acknowledging that such
studies may themselves be statistically inadequate [64],
they should not be too readily dismissed on the basis of
large-scale studies which themselves have not overcome
all analytical hurdles.

For example, Ypma et al. [65], reported DMN hypo-
connectivity in both male and female autistic groups
drawn from ABIDE I, based on a comparison of 408
males and 55 females. They noted that their findings
demonstrated that hypo-connectivity, previously shown
to characterise males on the spectrum was also “robustly
present” in females.
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Similarly, Moessnang et al. [66] 58 reported on a task-
based fMRI study of 151 autistic males and 51 autistic
females (with 123/66 male/female controls) drawn from
the Longitudinal European Autism Project — LEAP, and
failed to find effects of either sex or diagnosis.

Ilioska et al. [67], drawing on data from LEAP and
both ABIDE I and II, investigated patterns of hyper- and
hypo- connectivity in 655 autistic males and 141 autistic
females (with 772/256 male/female controls) [67].Pat-
terns of both hyper- and hypo-connectivity were associ-
ated with social impairments. No sex differences were
shown, although tested for. The authors did comment on
the need for replication in samples with a more balanced
male-to-female ratio.

Studies based on well-defined inclusion criteria for
the selection and matching of participants have yielded
more promising insights. For example, Alaerts et al. [68]
selected 42 matched male and female autistic cases from
the ABIDE I dataset and compared patterns of resting-
state functional connectivity. Autistic males showed a
highly consistent pattern of whole-brain hypo-connectiv-
ity, whereas females showed an overall pattern of hyper-
connectivity. This stands in some contrast to the findings
from the studies outlined above, drawing on the same
dataset, but with a significantly unbalanced cohort.

Big data sets are obviously an enormously valuable
resource in autism research but, with respect to study-
ing the role of sex-based differences in all aspects of this
condition, may have imported some of the ‘male spot-
light’ difficulties, both in their construction and their use,
which could have negatively impacted on research pro-
gress in this area. This should be borne in mind, both in
the use of such databases, but also in drawing on their
research outputs to design studies, generate hypotheses
and interpret findings. In addition, where a data-driven,
‘discovery science’ approach is taken in interrogating
such data sets [69], researchers should be alert to poten-
tial confounds linked to recruitment protocols, and may
wish to consider more careful profiling and matching of
their autistic participants based on narrow rather than
broad constructs [70, 71].

What happens when you do include females?

In 2017, as part of the US Autism Centre of Excellence
network, a multi-disciplinary research consortium spe-
cifically designed to address issues of sex and gender in
autism research was launched. Gender Explorations of
Neurogenetics and Development to Advance Autism
Research (GENDAAR) combines multi-site genetic, neu-
roimaging and phenotypical data from well-matched
samples of girls and boys with and without autism.
Findings from this program are adding to the emerging
body of evidence that ‘robust’ findings in male autistic
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participants do not always generalise to females. This is
demonstrated by two studies on social reward process-
ing the authors of which which include members of the
GENDAAR consortium.

The first study was carried out on sixteen autistic
males and reported diminished neural response to social
rewards, particularly in the ventral striatum [72].This had
been interpreted as consistent with the autism phenotype
of reduced social motivation. The second study recruited
39 females and 43 males from the GENDAAR cohorts
[73]. They found that autistic girls displayed increased
activity to social rewards, especially in the nucleus
accumbens, compared to autistic boys. The autistic girls
also showed greater reactivity in the anterior insula
compared to typically developing girls. These patterns
of neural activity would be consistent with Kigher levels
of social motivation, i.e. inconsistent with the accepted
autism phenotype (and with previous neuroimaging find-
ings based only on males).

In similar vein, a study in 2016 on sensory over-respon-
sivity in autism, investigated resting-state connectivity in
the salience network [74]. (Atypical sensory responsivity
was added as a core characteristic of autism in the latest
iteration of DSM; there are consistent reports that it is
more common in autistic females [75, 76]). The findings
reported increased resting-state functional connectiv-
ity between salience network nodes (such as the anterior
insula and the amygdala) and primary sensory process-
ing areas in the brain. This correlated with behavioural
measures of sensory over-responsivity. The effect was less
evident in visual association areas, which was interpreted
as evidence of decreased attention to social information,
consistent with the traditional autism phenotype. The
autistic cohort in this study comprised 27 males and 1
female.

In 2020, several members of this group again investi-
gated the relationship between salience network con-
nectivity and measures of sensory over-responsivity, this
time with 16 females and 37 males in the autistic cohort
[77]. As in the previous study, males showed strong func-
tional connectivity between the salience and the pri-
mary sensory networks, strongly associated with sensory
over-responsivity. For females, however, sensory over-
responsivity was more strongly associated with increased
functional connectivity between the salience network
and the pre-frontal regions, including the anterior cin-
gulate. This was speculatively linked to a female autistic
tendency to regulate emotional consequences to sensory
over-responsivity and avoid social embarrassment.

A study of resting-state functional connectivity in
the mentalising system was based on equal numbers of
matched female and male autistic participants (N =48),
selected from the ABIDE 1 data set [78]. Females showed
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hypoconnectivity between the medial prefrontal cortex,
the precuneus and the right TPJ; males showed hyper-
connectivity of the bilateral TPJ. An interaction between
sex and autism was found in both short- and long-
distance functional connectivity, generally with autis-
tic females showing underconnectivity and ASD males
showing overconnectivity.

These findings are partly consistent with a study in
2016 on patterns of activity in the mentalising network, a
key neural substrate of the ‘mindreading’ aspect of social
behaviour [79]. The cohort was small, but there were
near equal number of female and male participants (14
female, 13 male).Whole brain analysis revealed decreased
activity in the superior temporal sulcus in autistic males
compared to control males while processing social infor-
mation; no activation differences were found between
autistic and control females.

In 2017, a review from the GENDAAR consortium
summarised 67 different studies of resting state meas-
ures in autism, in order to profile connectivity findings
[80]. 18 of these studies excluded females altogether,
and there was a M: F ratio of 8.33:1 in the overall total of
autistic participants (10,725 M/ 1287 F). 13 of the studies
included a focus on the DMN, with the majority report-
ing under-connectivity. 6 of these studies had no female
autistic participants, and females only represented 9.3%
of the overall total. For example, a male-only (N=25)
study by von dem Hagen et al. [81] reported patterns of
reduced functional connectivity between and within such
social networks, interpreted as causing impaired process-
ing of social signals in autism, because of difficulties in
communication and integration across the networks.
The authors of the review specifically commented on the
dearth of females, but the overall profiling of patterns
of connectivity has regularly been cited, included DMN
under-connectivity.

A partial update in 2020, again from the GENDAAR
consortium, reported on functional connectivity in key
social brain networks, the Default Mode Network and
Central Executive Networks, as well as the salience net-
work [82]. The study was based on comparison between
carefully matched females (N=34) and males (N =46).
Findings included evidence of greater functional con-
nectivity in autistic girls between the DMN and the CEN
than in their male counterparts.

Thus a picture emerges, that more recent brain imag-
ing studies which include near equal numbers of females
and males, indicate that a revision is required of earlier
male-based neuroscience studies of autism. These have
commonly reported apparently consistent findings of,
for example, low levels of resting-state connectivity in
key areas of the brain, particularly those associated with
social behaviour and reward processing, and have linked
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these to a traditional (male-based) phenotype of limited
social engagement and/or atypical sensory responsiv-
ity. It is also worth noting that those studies that have
found sex differences are consistent with an observation
made in the 20 year survey of sex/gender differences in
human autistic brains mentioned above, that studies with
low male—female participant ratios were much more
likely to report positive findings. However, it should also
be noted that, currently, studies with near equal male:
female numbers are also characterised by small sample
sizes, with the accompanying danger of false positives.
This indicates a clear need of replication studies drawing
on larger samples where problems with ascertainment
bias have been overcome, and the increased number of
female participants affords more representative sampling
opportunities.

A significant footnote to this emerging story of the
consequences of a focus on sex differences in autism has
emerged from the GENDAAR consortium. The findings
are linked to research into the Female Protective Effect, a
model proposing that female biology provides some kind
of buffer against the expression of autism-linked genetic
factors, which is taken to account for the lower incidence
of autism in females. Evidence showing that autistic
females may show greater prevalence of candidate muta-
tions has supported this concept [83].

In addition, this approach offers the possibility of link-
ing autism genotypes with neuroimaging and behavioural
phenotypes, with exploration of sex differences at the
heart of such research. A study in 2020 investigated the
relationship between variants of the receptor gene for
oxytocin (OXTR), a hormone linked to social behaviour,
and resting-state functional connectivity in key hubs of
the brain’s reward network, in females and males with
and without autism [84]. In autistic females (N=50),
there was a positive relationship between the OXTR
risk-allele load and increased connectivity between the
nucleus accumbens, subcortical regions and prefrontal
areas involved in mentalising, as compared to autistic
males. In autistic males (N=37), a higher OXTR risk-
allele load was associated with reduced within-network
connectivity.

A study in 2021 measured fMRI responses to a social
motion task in 94 autistic participants (46 female, 48
males) and 113 controls (54 females, 59 males) [85]. A
key finding was that autistic females showed lower level
of activation than control females in parts of the stria-
tum. This might seem at odds with reports of higher
levels of striatal activation in autistic females, but these
were associated with social reward task as opposed to the
social perception task used here. Consistent with the FPE
model, autistic females showed a greater load of genetic
abnormalities, significantly in genes commonly expressed

Page 8 of 16

in striatal development. This effect was not evident in
males.

A third paper from the GENDAAR consortium
focussed on connectivity in the salience network [86].
Their findings indicated that genome-wide risk for autism
appeared to affect females and males differently. In autis-
tic males (N=30), elevated genetic risk was associated
with increased connectivity between the salience net-
work and somato-sensory processing regions, potentially
linked to atypical types of repetitive behaviours. In autis-
tic females (N=31), despite increased genetic load, sali-
ence network connectivity was not affected, interpreted
as evidence of some kind of protective factor preserving
striatal function from the impact of genetic risk, and pre-
venting diagnostically significant repetitive behaviours.

Clearly, the output from such studies are at a rela-
tively early stage. And the studies themselves, although
involving near-equal numbers of females and males, are
relatively small-scale, thereby potentially open to false
positive problems and in need of replication. But they
add to an emerging body of evidence of multi-level sex
x diagnosis interactions in autistic brains which would
obviously not have been revealed even as little as five
years ago, when seemingly revelatory findings in the neu-
roscience of autism were based on male-only studies.

Missed or missing? Is ‘female’ autism different?

An additional aspect of understanding the male bias issue
in autism is that females are missing from the autism sta-
tistics, not just because the diagnostic schedules are poor
at spotting them, but because ‘female’ autism presents
differently, with a different symptom profile and patterns
of behaviour. Until the 1980s, there was surprisingly lit-
tle attention paid to the possibility that autism might
present differently in females and that this might be part
of the apparent sex bias. Phenotyping of autism in girls
was effectively based on taking the male autistic profile as
given and assessing the degree to which the female autis-
tic profile matched this. So generalised, ‘less than, sum-
maries, reported that, on average, females tended to score
lower on measures of restricted interests and repetitive
behaviours, and lower on measures of social dysfunction
[70, 87, 88]. This ‘milder’ presentation, when assessed by
diagnostic schedules based on the male image of autism,
resulted in many females failing to reach the clinical
threshold, thus sustaining the self-fulfilling impression of
autism as primarily a male condition.

However, one espoused view is that females ‘hovered’
below clinical thresholds not necessarily because their
symptoms were milder, but because they were bet-
ter at disguising them. There had, indeed, been an early
suggestion that girls might be better at disguising or
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camouflaging their autistic symptoms thereby ‘flying
beneath the diagnostic radar’ [38, 89].

Linked to this explanation was a social constructivist
perspective, highlighting the role of gendered socialisation.
An emphasis on social compliance in girls thereby ren-
dered them better able to employ relevant social skills and
minimise the social impairments characteristic of autism
[90, 91]. So the inference was that autism in girls was like
autism in boys, but the girls were better at hiding it.

However, in the last decade or so, emerging evidence
suggests that autism in girls may not just be a milder
version of autism in boys, but that core aspects of their
autism are markedly different (and thus, indeed, less
likely to be picked up by diagnostic instruments designed
around male cohorts). A key difference appears to be a
much more powerful drive for social engagement and
belongingness [92, 93]. And entangled with this aspect
of their autism appears to be the need to disguise their
autistic differences and difficulties, by adopting types of
behaviour variously referred to as camouflaging or mask-
ing. Research indicates that this is both more extreme
(and maladaptive) than gendered social compliance
[93-98].

A wave of powerful personal testimonies from autistic
females who had been diagnosed in adulthood suggested
that, not only were genuninely autistic women miss-
ing from autism statistics because the current diagnos-
tic practices had failed to recognise them, or because of
powerful biases based on the belief of autism as predomi-
nantly a male problem, but because of a particular set of
behaviours which served to, superficially, counteract or
mask classic symptoms of autism [99-105].

Qualitative and quantitative analyses of such reports
of late diagnoses in women, revealed a characteristic
lifelong pattern of ‘social coping’ in such cases. This has
variously been described as camouflaging or masking
or adaptive morphing. It comprises various strategies
adopted by some autistic individuals, usually female, to
disguise or compensate for autism-related difficulties
and differences. This may involve intensive study and
mimicking of the social behaviour of others, particularly
peer groups, with the specific aim to blend in and not be
noticed as different. It can involve the conscious genera-
tion of a form of social script—how to make small talk,
how to maintain eye contact, how to laugh at jokes—
which will be rehearsed and followed whenever a social
situation is encountered [106-115].

Camouflaging has become a key focus in recent clinical
and psychological research into autism [116, 117]. It has
been operationalised as a discrepancy between standard
internal measures of autistic traits and external presen-
tation of social behaviour, such as emotion recognition.
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A Camouflaging Autistic Traits Questionnaire has also
been developed [116, 118-120]. Emerging data show that
it is much more common in autistic females or females
with high levels of autistic traits [112].

If camouflaging is the product of a need to disguise
autistic differences, which has succeeded to the extent
that autistic females are diagnosed later, if at all, it might
be therefore be viewed as a successful ‘survival strategy’
[114]. Unfortunately, there is clear evidence that it can
also be a maladaptive and damaging pattern of behav-
iour. It is associated with reports of high levels of anxi-
ety, exhaustion and stress, as well as suicidal ideation
and chronic depression. This is evidenced not only by
self-report but by proof of lifelong struggles with mental
health alongside similarly lifelong signs of camouflaging
behaviour [95-98, 121].

Camouflaging and the social brain

Camouflaging encapsulates key aspects of social behav-
iour. The close attention to social cues and the produc-
tion and rehearsal of social scripts indicates high-level
engagement with the acquisition and processing of social
knowledge [122] Additionally, camouflaging as a cop-
ing strategy embodies many of the regulatory aspects of
interactive social behaviour, including action selection,
such as mimicking gestures or purposefully maintain-
ing eye contact, or consciously suppressing autistic-like
behaviours like stimming [123].

Self-report and interview outcomes emphasises
the ‘impression management’ aspect of camouflaging
behaviour as a ‘survival mechanism; changing ways of
responding in order to minimise evidence of difference
and to maximise inclusion. Both qualitative and quan-
titative data indicate that a desire to fit in, to avoid the
stigma of autism, is the main driving force behind cam-
ouflaging behaviour [94, 107, 124—126]. This resonates
with the role of social motivation, belongingness and
the fear of rejection or ostracism. Perhaps more than
anything, the persistence of camouflaging behaviour,
despite its association with high levels of mental health
problems in autistic individuals, especially females,
further indicates a powerful motivational force behind
such conscious or unconscious social decisions which
are superficially effective, but ultimately maladaptive
[97, 109].

Camouflaging in autism, therefore, could prove to be a
useful index of atypical social processing at the level of
both brain and behaviour. Particularly given the accu-
mulating (if still biased) evidence of abnormalities in the
social reward circuits in the autistic brain, this could be a
fruitful focus for research, with levels of camouflaging as
an independent variable.
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Sex-differences in camouflaging: social brain networks/
reward circuits as candidate pathways?

A study by Lai and colleagues from the MRC AIMS
consortium investigated patterns of activation in the
right TP] and vmPFC components of the mentalising
network during a classic scanner-based self-reference
task [128]. At the behavioural level, there was no dif-
ferences between autistic participants and controls on
the self-/other-reference task, apart from faster RTs in
females. With respect to neural processes, lower levels
of activation in the vmPFC and the TPJ were evident
in autistic males as compared to typically developing
males; there were no differences between autistic and
typically developing females. As above, reduced activa-
tion in social brain areas in autistic males is consistent
with many previous studies. Camouflaging behaviour
was measured as the discrepancy between intrinsic,
self-rated autistic traits and external measures of atypi-
cal behaviour such as emotion recognition. Autistic
women scored higher on this measure of camouflaging.

In autistic females, there was a significant positive cor-
relation between vmPFC activation during the self-refer-
ence task and camouflaging scores, not found in autistic
males. The authors speculated that the relationship
between neural self-representation effects and camou-
flaging in females reflected a deeper form of camouflag-
ing ..” autistic women may engage substantial insight
about their own behaviours in interpersonal and social
contexts—specifically, how their behaviours impact oth-
ers, gauging and managing the impressions they make
on others, updating the differences between their natural
and camouflaged behaviours, and how such behaviours
will achieved the desired goal of being perceived as neu-
rotypical” (p. 1219).

Walsh et al. [127] explored the relationship between
patterns of brain connectivity in reward circuits, meas-
ured by fMR], linked to patterns of compensatory, cam-
ouflaging behaviour. The autistic sample, 24F, 21 M, was
selected to maximise detection of sex-related brain-
behaviour associations. Camouflaging was measured by
use of the Camouflaging Autistic Traits Questionnaire
(CAT-Q) developed by Hull et al. [118].Higher levels of
camouflaging in autistic females were associated with
increased connectivity in reward pathways, including the
right anterior cingulate, as well as in hypothalamic-limbic
connections. In males, more positive functional connec-
tivity in the anterior cingulate was linked to less camou-
flaging. This study also included measures of structural
connectivity that were consistent with the sex differences
in functional measures. The authors conclude that a
focus on the relationship between camouflaging behav-
iour and patterns of connectivity and activation in reward
pathways could offer a fruitful way forward in unpicking
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sex differences in the complex, multi-level associations
between brain and behaviour in autism.

General discussion and critical issues for future research

This review has shown that, once there is a specific focus
on potential sex differences in the social cognitive neu-
roscience of autism, distinctive differences between the
brains of autistic females and males can emerge. Recent
reports of different patterns of connectivity and acti-
vation in the social reward system in autistic females
as compared to males, associated with the apparently
socially-driven camouflaging behaviour more commonly
found in autistic females, are producing a markedly dif-
ferent picture from the traditional neuroscience models
of autism, mainly developed using only male participants.

The evidence that autistic girls and women have been
excluded from potentially valuable research programmes,
either passively because of diagnostic practices or actively
because of ascertainment bias in research eligibility cri-
teria, is somewhat paradoxical. The male: female bias in
autism is often quoted as one of the fundamental reasons
for investigating sex differences in the brain, in order to
provide a platform for autism research [129]. Yet the very
arena that might offer valuable insights into sex/gender
differences in autism has been characterised by a focus
almost exclusively on males.

Traditional biological explanations of the apparently
greater occurrence of autism in males have been couched
in terms of, for example, some kind of hormonally-deter-
mined male vulnerability factor or of a genetically-related
female protective effect that raises the threshold for clini-
cal presentation [130]. This would seem to flag a clear
agenda for a research focus on sex differences. Yet in
many autism research fields, there seems to have been an
assumption that, once females had ‘passed’ the diagnostic
threshold, there was an equivalence of presentation with
that of males. Default male models were applied to the
development of diagnostic tools with, for example, no
gendered norms to inform diagnostic algorithms. There
was no separate characterisation of autistic behaviour as
it presented in females. As we have seen, large numbers
of brain imaging autism research studies did not meas-
ure sex differences, with the availability of female partici-
pants anyway being severely curtailed by many barriers,
including those of recognition and referral, as well as
active exclusion [41]. This was often not acknowledged
in research reports, where findings were interpreted in
generic terms, apparently referring to autism as a whole,
with no attention drawn to the fact that the studies had
been carried out almost exclusively on males.

There is a related example of the paradoxical nature
of the dearth of females in autism research. In 2015,
Lai et al. published a seminal paper, urging the autism
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research field to pay attention to sex and gender differ-
ences in autism, and setting an agenda for such research
[131]. One issue they identified was that of sex or gen-
der dependent characteristics—to what extent were dif-
ferences in autistic brains and behaviour a function of
typical differences in brain and behaviour? Of the find-
ings discussed in this paper, for example, would it not be
worth exploring whether the differences in social reward
sensitivity in autistic females, evident at the level of both
brain and behaviour, are a reflection of similar differences
in all females? This is clearly a question that cannot be
fully addressed when females are not included in relevant
studies.

Additionally, as well as a lack of exploration of biologi-
cal sex in autism neuroscience research, even less atten-
tion has been paid to the potential effects of gender, the
role of external socialisation and experiential factors in
both typical and atypical brain development. If, for exam-
ple, there are female/male differences in social brain con-
nectivity in the autistic brain, to what extent are these
solely a function of sex-related brain characteristics or
how much might they reflect continual exposure to gen-
dered experiences, attitudes and expectations [132, 133]?
And how much more might this be true of individuals
perceived as atypical, such as autistic females, who may
be exposed to higher levels of brain-changing experi-
ences including bullying or abuse [134—136]. In addition,
given evidence of the greater prevalence of gender vari-
ance in the autism community (refs), categorising autis-
tic participants only as either female or male may be an
equivalent disservice to assuming they are, by default, all
male [137-140].

This raises the issue of a wider challenge to the exist-
ing binary female/male model which, to date, has mainly
informed the full gamut of autism research, including
brain differences. Different ways of exploring these are
emerging with the advent of, for example, the notion of
brains as unique mosaics of structural characteristics
[141, 142]. Although incorporating previously overlooked
autistic females into neuroscience research is certainly
a step in the right direction, careful attention should be
paid to the extent to which pre-existing assumptions
about the binary nature of brains might distort research
enquiries [143].

A wider context of the issues discussed here is the need
to ask better questions in autism research, to avoid the
problems outlined above. The use of participatory meth-
ods, the direct inclusion of autistic individuals in the
research process via personal testimonies and detailed
qualitative interview-based research data, has proved
invaluable in gaining deeper insights into the condi-
tion. The understanding of camouflaging and its adapta-
tion into autism’s research portfolio has been powerfully
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driven by the involvement of late-diagnosed autistic
women. Almost by definition, the research community
would not have understood the process of camouflaging
and masking without listening to the lived experiences
of autistic women [106]. Given that autism is a condi-
tion currently still identified by behavioural profiling, the
quality of autism neuroscience research can be greatly
enhanced by harnessing the insights offered by the
autism community themselves [144].

Limitations

A key focus of this review has been to draw attention to
the dearth of neuroimaging-based research into female/
male differences in autism, with until very recently
many studies using male-only or male-biased cohorts.
The commentary has emphasised this by concentrating,
firstly, on the near complete absence of female partici-
pants in the majority of relevant research up until the
last eight years or so, and then demonstrating the dif-
ferent patterns of results that have started to emerge
once female participants have been included in effec-
tive numbers.

The omission of reference to other factors, such as
intellectual disability, for example, is not to suggest
their lesser relevance but is a result of attempts to man-
age, in the first instance, the complexity of the autism
research literature. It is acknowledged that that the
male bias in autism prevalence appears to vary as a
function of intellectual ability [145] and that this should
be factored into subsequent reviews of sex-related
influences in autism.

Relatedly, there is no separate focus here on age and/
or longitudinal studies. This could prove profitable for a
second-stage review, as there is evidence that patterns
of connectivity can change from childhood to adult-
hood [146]. There is also emerging evidence that sex-
differences in brain and behaviour in autistic cohorts
may be amplified during adolescence, so a focus on this
age-related factor could be informative [147].

The presence of co-occurring mental health prob-
lems can be a confounding factor in sex-related autism
research, as, on average, these are more common in
autistic females [96] This was not primarily considered
in this commentary, although the association between
camouflaging behaviour and mental health problems
has been acknowledged; such factors are often screened
out in more fundamental neuroimaging research but,
again, should figure in future assessments of ongoing
investigations.

The focus of this review has been on research based
on a traditional binary model of biological sex and its
role in our understanding of autism, with discussions in
terms of participants being categorised as either female
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or male. There has been no discussion of the role of
variations in gender roles or gender identity as separate
or entangled variables. This is another key omission in
autism research to date, particularly in the light of evi-
dence that gender nonconformity and gender diversity
are significantly more common in the autism commu-
nity [137-140]. This, in itself, could provide valuable
insights into autism-related variations in social behav-
iour, including those related to gender identity and
sense of self.

Summary and conclusion

This review highlights a problematic practice within
autism neuroscience research, of developing and test-
ing brain-based models on male-only or heavily male-
biased cohorts. For example, in a survey of over one
hundred studies of the social brain in autism, 45%
tested only male participants, with an additional 24%
only including one or two females. This can be related
to ascertainment bias in both the diagnosis of autism in
females, and in the assessment of autistic female eligi-
bility for inclusion in research. This has, until recently,
also affected the construction of big data sets for data-
sharing initiatives, thereby introducing male bias into
many research programmes.

Consideration of more recent brain imaging research,
with balanced cohorts of autistic female and male par-
ticipants, indicates that the male bias in earlier stud-
ies has resulted in misleading characterisation of the
neural correlates of key aspects of autistic differences,
particularly with respect to social behaviour. Reports
of different patterns of connectivity and activation in
the social reward system in autistic females as com-
pared to males, associated with the apparently socially-
driven camouflaging behaviour more commonly found
in autistic females, are producing a markedly different
picture from the traditional neuroscience models of
autism, mainly developed using only male participants.

This has also highlighted the under-recognition of
behavioural differences in autistic females, specifically
evidence of an enhanced social drive, indeed by cam-
ouflaging or masking behaviour, at odds with tradi-
tional profiles of autistic behaviour. As camouflaging is
a pattern of autistic behaviour that, on average, is more
common in females than males, targeting social reward
circuits in the context of camouflaging behaviour could
advance the understanding of sex/gender differences in
autism [127, 128].

The findings of this review indicate the need for cau-
tion with respect to the generalisability of past autism
research findings. There is a need for greater trans-
parency with respect to highlighting the female/male
breakdown in cohort demographics, and greater clarity
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in the discussion and interpretation of data that have
been collected from male-only or male-biased cohorts.

The historical absence of females from many dif-
ferent clinical and empirical autism research agen-
das has resulted in the construction of inaccurate
and misleading cognitive neuroscience models, and
missed opportunities to explore the brain bases of this
highly complex condition. However, if future research
addresses this problem of male bias and associated
implications for research programmes, then a deeper
understanding of autism as a whole, as well as in previ-
ously overlooked females, will start to emerge.

Acknowledgements
Not applicable.

Author contributions
GRis the sole author.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The author declares no competing interests.

Author details

"Emeritus of Cognitive Neurolmaging, Institute of Health and Neurodevelop-
ment, College of Health and Life Sciences, Aston University, Birmingham B4
7ET, UK.

Received: 2 February 2024 Accepted: 23 May 2024
Published online: 13 June 2024

References

1. American Psychiatric Association. Diagnostic and statistical manual
of mental disorders, 5th edition DSM-5, volume 21. Washington DC:
American Psychiatric Association; 2013. p. 50-9.

2. World Health Organization. 6A02 Autism spectrum disorder. Interna-
tional statistical classification of diseases and related health problems.
11th ed. World Health Organization: Geneva; 2019.

3. Zeidan J, Fombonne E, Scorah J, Ibrahim A, Durkin MS, Saxena S, Yusuf
A, Shih A, Elsabbagh M. Global prevalence of autism: a systematic
review update. Autism Res. 2022;15(5):778-90.

4. Maenner MJ, Warren Z, Williams AR, et al. Prevalence and characteristics
of autism spectrum disorder among children aged 8 years—autism and
developmental disabilities monitoring network, 11 sites, United States,
2020. MMWR Surveill Summ. 2023;72(2):1-14. https://doi.org/10.15585/
mmwr.ss7202al.

5. Chiarotti F, Venerosi A. Epidemiology of autism spectrum disorders:

a review of worldwide prevalence estimates since 2014. Brain Sci.
2020;10(5):274.

6. Russell G, Stapley S, Newlove-Delgado T, Salmon A, White R, Warren
F, Pearson A, Ford T. Time trends in autism diagnosis over 20 years:


https://doi.org/10.15585/mmwr.ss7202a1
https://doi.org/10.15585/mmwr.ss7202a1

Rippon Biology of Sex Differences

20.

22.

23.
24.

25.

26.

27.

28.

29.

30.

(2024) 15:49

a UK population-based cohort study. J Child Psychol Psychiatry.
2022,63(6):674-82.

Sandin S, Lichtenstein P, Kuja-Halkola R, Hultman C, Larsson H,
Reichenberg A. The heritability of autism spectrum disorder. JAMA.
2017,318(12):1182-4.

Dawson G, Webb S, Schellenberg GD, Dager S, Friedman S, Aylward E,
Richards T. Defining the broader phenotype of autism: genetic, brain,
and behavioral perspectives. Dev Psychopathol. 2002;14(3):581-611.
Willsey HR, Willsey AJ, Wang B, State MW. Genomics, convergent neuro-
science and progress in understanding autism spectrum disorder. Nat
Rev Neurosci. 2022;23(6):323-41.

Goldberg J, Szatmari P, Nahmias C. Imaging of autism: lessons from the
past to guide studies in the future. Can J Psychiatry. 1999;44(8):793-801.
Rippon G, Brock J, Brown C, Boucher J. Disordered connectivity in the
autistic brain: challenges for the ‘'new psychophysiology! Int J Psycho-
physiol. 2007,63(2):164-72.

Mdller RA, Fishman 1. Brain connectivity and neuroimaging of social
networks in autism. Trends Cogn Sci. 2018;22(12):1103-16.

Mdller RA, Shih P, Keehn B, Deyoe JR, Leyden KM, Shukla DK. Undercon-
nected, but how? A survey of functional connectivity MRI studies in
autism spectrum disorders. Cereb Cortex. 2011;21(10):2233-43.
Hernandez LM, Rudie JD, Green SA, Bookheimer S, Dapretto M. Neural
signatures of autism spectrum disorders: insights into brain network
dynamics. Neuropsychopharmacology. 2015;40(1):171-89.

Frith CD. The social brain? Phil Trans Roy Soc B Biol Sci.
2007,362(1480):671-8.

Adolphs R. The social brain: neural basis of social knowledge. Annu Rev
Psychol. 2009;60:693-716.

Lieberman MD. Social cognitive neuroscience: a review of core pro-
cesses. Annu Rev Psychol. 2007,58:259-89.

Lockwood PL, Apps MA, Chang SW. Is there a‘social’ brain? Implemen-
tations and algorithms. Trends Cogn Sci. 2020;24(10):802—-13.

Arioli M, Gianelli C, Canessa N. Neural representation of social concepts:
a coordinate-based meta-analysis of f MRI studies. Brain Imaging Behav.
2021;15:1912-21.

Ochsner KN, Ray RD, Cooper JC, Robertson ER, Chopra S, Gabrieli

JD, Gross JJ. For better or for worse: neural systems supporting the
cognitive down-and up-regulation of negative emotion. Neuroimage.
2004;23(2):483-99.

Rushworth MF, Behrens TEJ, Rudebeck PH, Walton ME. Contrasting roles
for cingulate and orbitofrontal cortex in decisions and social behaviour.
Trends Cogn Sci. 2007;11(4):168-76.

Andrews JL, Ahmed SP, Blakemore SJ. Navigating the social environ-
ment in adolescence: the role of social brain development. Biol Psychia-
try. 2021;89(2):109-18.

Izuma K, Saito DN, Sadato N. Processing of social and monetary rewards
in the human striatum. Neuron. 2008;58(2):284-94.

Menon V, Uddin LQ. Saliency, switching, attention and control: a net-
work model of insula function. Brain Struct Funct. 2010;214:655-67.
Apps MA, Rushworth MF, Chang SW. The anterior cingulate gyrus

and social cognition: tracking the motivation of others. Neuron.
2016,90(4):692-707.

Rippon G. Mind the gender gap: the social neuroscience of belonging.
Front Hum Neurosci. 2023;17:1094830.

Eickhoff SB, Laird AR, Grefkes C, Wang LE, Zilles K, Fox PT. Coordinate-
based activation likelihood estimation meta-analysis of neuroimaging
data: a random-effects approach based on empirical estimates of
spatial uncertainty. Hum Brain Mapp. 2009;30(9):2907-26.

Di Martino A, Ross K, Uddin LQ, Sklar AB, Castellanos FX, Milham MP.
Functional brain correlates of social and nonsocial processes in autism
spectrum disorders: an activation likelihood estimation meta-analysis.
Biol Psychiatry. 2009;65(1):63-74.

Patriquin MA, DeRamus T, Libero LE, Laird A, Kana RK. Neuroanatomical
and neurofunctional markers of social cognition in autism spectrum
disorder. Hum Brain Mapp. 2016;37(11):3957-78.

Chevallier C, Kohls G, Troiani V, Brodkin ES, Schultz RT. The social motiva-
tion theory of autism. Trends Cogn Sci. 2012;16(4):231-9.

Clements CC, Zoltowski AR, Yankowitz LD, Yerys BE, Schultz RT,
Herrington JD. Evaluation of the social motivation hypothesis of
autism: a systematic review and meta-analysis. JAMA Psychiat.
2018;75(8):797-808.

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

Page 13 of 16

Bottini S. Social reward processing in individuals with autism spectrum
disorder: a systematic review of the social motivation hypothesis. Res
Autism Spectr Disord. 2018;45:9-26.

Nair A, Jolliffe M, Lograsso YSS, Bearden CE. A review of default mode
network connectivity and its association with social cognition in
adolescents with autism spectrum disorder and early-onset psychosis.
Front Psych. 2020;11:614.

Janouschek H, Chase HW, Sharkey RJ, Peterson ZJ, Camilleri JA, Abel

T, Eickhoff SB, Nickl-Jockschat T. The functional neural architecture

of dysfunctional reward processing in autism. Neurolmage Clin.
2021;31:102700.

Dickstein DP, Pescosolido MF, Reidy BL, Galvan T, Kim KL, Seymour KE,
Laird AR, Di Martino A, Barrett RP. Developmental meta-analysis of the
functional neural correlates of autism spectrum disorders. J Am Acad
Child Adolesc Psychiatry. 2013;52(3):279-89.

Rosen NE, Lord C, Volkmar FR. The diagnosis of autism: from Kanner to
DSM-IIl to DSM-5 and beyond. J Autism Dev Disord. 2021;51:4253-70.
Mo K, Sadoway T, Bonato S, Ameis SH, Anagnostou E, Lerch JP, Taylor
MJ, Lai MC. Sex/gender differences in the human autistic brains: a
systematic review of 20 years of neuroimaging research. Neurolmage
Clin. 2021;32:102811.

Wing L. Sex ratios in early childhood autism and related conditions.
Psychiatry Res. 1981;5(2):129-37.

Fombonne E. Epidemiological surveys of autism and other per-

vasive developmental disorders: an update. J Autism Dev Disord.
2003;33:365-82.

Loomes R, Hull L, Mandy WPL. What is the male-to-female ratio in
autism spectrum disorder? A systematic review and meta-analysis. J Am
Acad Child Adolesc Psychiatry. 2017;56:466-74.

Lockwood Estrin G, MilnerV, Spain D, Happé F, Colvert E. Barriers to
autism spectrum disorder diagnosis for young women and girls: a
systematic review. J Autism Dev Disord. 2021;8(4):454-70.

Russell G, Steer C, Golding J. Social and demographic factors that
influence the diagnosis of autistic spectrum disorders. Soc Psychiatry
Psychiatr Epidemiol. 2011,46:1283-93.

Begeer S, Mandell D, Wijnker-Holmes B, Venderbosch S, Rem D,
Stekelenburg F, Koot HM. Sex differences in the timing of identification
among children and adults with autism spectrum disorders. J Autism
Dev Disord. 2013;43(5):1151-6.

Lord C, Rutter M, DiLavore P, et al. The autism diagnostic observation
scale (ADOS). Los Angeles: Western Psychological Services; 2002.
Rutter M, LeCouteur A, Lord C. The autism diagnostic interview-revised
(ADI-R). Los Angeles: Western Psychological Services; 2003.

Haney JL. Autism, females, and the DSM-5: gender bias in autism diag-
nosis. Soc Work Mental Health. 2016;14(4):396-407.

Ratto AB, Kenworthy L, Yerys BE, Bascom J, Wieckowski AT, White SW,
Wallace GL, Pugliese C, Schultz RT, Ollendick TH, Scarpa A. What about
the girls? Sex-based differences in autistic traits and adaptive skills. J
Autism Dev Disord. 2018;48:1698-711.

Ratto AB. Commentary: what's so special about girls on the autism
spectrum?—a commentary on Kaat et al.(2020). J Child Psychol Psy-
chiatry. 2021;62(1):107-9.

Kaat AJ, Shui AM, Ghods SS, Farmer CA, Esler AN, Thurm A, Georgiades
S, Kanne SM, Lord C, Kim YS, Bishop SL. Sex differences in scores on
standardized measures of autism symptoms: a multisite integrative
data analysis. J Child Psychol Psychiatry. 2021;62(1):97-106.

McCrossin R. Finding the true number of females with autistic spectrum
disorder by estimating the biases in initial recognition and clinical
diagnosis. Children (Basel). 2022;9(2):272.

Ingersoll B, Hopwood CJ, Wainer A, Donellan MB. A comparison of three
self-report measures of the broader autism phenotype in a non-clinical
sample. J Autism Dev Disord. 2011;41:1646-57.

English MCW, Gignac GE, Visser TAW, et al. The Comprehensive Autistic
Trait Inventory (CATI): development and validation of a new measure of
autistic traits in the general population. Mol Autism. 2021;12:37.
D'Mello AM, Frosch IR, Li CE, Cardinaux AL, Gabrieli JD. Exclusion of
females in autism research: empirical evidence for a “leaky” recruitment-
to-research pipeline. Autism Res. 2022;15(10):1929-40.

Lombardo MV, Lai MC, Baron-Cohen S. Big data approaches to decom-
posing heterogeneity across the autism spectrum. Mol Psychiatry.
2019;24(10):1435-50.



Rippon Biology of Sex Differences

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

(2024) 15:49

Al-Jawahiri R, Milne E. Resources available for autism research in the big
data era: a systematic review. Peer J. 2017;12(5): e2880.

Feliciano P, Daniels AM, Snyder LG, Beaumont A, Camba A, Esler A,
Gulsrud AG, Mason A, Gutierrez A, Nicholson A, Paolicelli AM. SPARK:

A US cohort of 50,000 families to accelerate autism research. Neuron.
2018;97(3):488-93.

Van Essen DC, Smith SM, Barch DM, Behrens TE, Yacoub E, Ugurbil K,
Wu-Minn HCP Consortium. The WU-Minn human connectome project:
an overview. Neuroimage. 2013;80:62-79.

Loth E, Charman T, Mason L, Tillmann J, Jones EJ, Wooldridge C, Ahmad
J, Auyeung B, Brogna C, Ambrosino S, Banaschewski T. The EU-AIMS
Longitudinal European Autism Project (LEAP): design and method-
ologies to identify and validate stratification biomarkers for autism
spectrum disorders. Mol Autism. 2017;8(1):1-19.

Ecker C, Murphy D. Neuroimaging in autism—from basic science to
translational research. Nat Rev Neurol. 2014;10:82-91.

Ruigrok AN, Lai MC. Sex/gender differences in neurology and psychia-
try: autism. Handb Clin Neurol. 2020;175:283-97.

Di Martino A, Yan CG, Li Q, Denio E, Castellanos FX, Alaerts K, Anderson
JS, Assaf M, Bookheimer SY, Dapretto M, Deen B. The autism brain imag-
ing data exchange: towards a large-scale evaluation of the intrinsic
brain architecture in autism. Mol Psychiatry. 2014;19(6):659-67.

Di Martino A, O'Connor D, Chen B, Alaerts K, Anderson JS, Assaf M,
Balsters JH, Baxter L, Beggiato A, Bernaerts S, Blanken LM. Enhancing
studies of the connectome in autism using the autism brain imaging
data exchange Il. Sci Data. 2017;4(1):1-15.

Serdar CC, Cihan M, Yiicel D, Serdar MA. Sample size, power and effect
size revisited: simplified and practical approaches in pre-clinical, clinical
and laboratory studies. Biochem Med. 2021;31(1):27-53.

Button KS, loannidis JP, Mokrysz C, Nosek BA, Flint J, Robinson ES,
Munafd MR. Power failure: why small sample size undermines the reli-
ability of neuroscience. Nat Rev Neurosci. 2013;14(5):365-76.

Ypma RJ, Moseley RL, Holt RJ, Rughooputh N, Floris DL, Chura LR,
Spencer MD, et al. Default mode hypoconnectivity underlies a sex-
related autism spectrum. Biol Psychiatry Cogn Neurosci Neuroimaging.
2016;1(4):364-71.

Moessnang C, Baumeister S, Tillmann J, Goyard D, Charman T, Ambro-
sino S, Baron-Cohen S, Beckmann C, Bolte S, Bours C, Crawley D. Social
brain activation during mentalizing in a large autism cohort: the Longi-
tudinal European Autism Project. Mol Autism. 2020;11:1-17.

llioska I, Oldehinkel M, Llera A, Chopra S, Looden T, Chauvin R, Van Rooij
D, Floris DL, Tillmann J, Moessnang C, Banaschewski T. Connectome-
wide mega-analysis reveals robust patterns of atypical functional
connectivity in autism. Biol Psychiat. 2023;94(1):29-39.

Alaerts K, Swinnen SP, Wenderoth N. Sex differences in autism: a resting-
state fMRI investigation of functional brain connectivity in males and
females. Soc Cogn Affect Neurosci. 2016;11(6):1002-16.

Biswal BB, Mennes M, Zuo XN, Gohel S, Kelly C, Smith SM, Milham MP,
et al. Toward discovery science of human brain function. Proc Natl Acad
Sci. 2010;107(10):4734-9.

Wood-Downie H, Wong B, Kovshoff H, Cortese S, Hadwin JA. Research
review: a systematic review and meta-analysis of sex/gender dif-
ferences in social interaction and communication in autistic and
nonautistic children and adolescents. J Child Psychol Psychiatry.
2021,62(8):922-36.

Edwards H, Wright S, Sargeant C, Cortese S, Wood-Downie H. Research
review: a systematic review and meta-analysis of sex differences in
narrow constructs of restricted and repetitive behaviours and interests
in autistic children, adolescents, and adults. J Child Psychol Psychiatry.
2023. https://doi.org/10.1111/jcpp.13855.

Scott-Van Zeeland AA, Dapretto M, Ghahremani DG, Poldrack

RA, Bookheimer SY. Reward processing in autism. Autism Res.
2010;3(2):53-67.

Lawrence KE, Hernandez LM, Eilbott J, Jack A, Aylward E, Gaab N, Van
Horn JD, Bernier RA, Geschwind DH, McPartland JC, Nelson CA. Neural
responsivity to social rewards in autistic female youth. Transl Psychiatry.
2020;10(1):178.

Green SA, Hernandez L, Tottenham N, Krasileva K, Bookheimer SY,
Dapretto M. Neurobiology of sensory overresponsivity in youth with
autism spectrum disorders. JAMA Psychiat. 2015;72(8):778-86.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Page 14 of 16

Lai M, Lombardo M, Pasco G, et al. A behavioral comparison of male
and female adults with high functioning autism spectrum conditions.
PLoS ONE. 2011;6(6):20835.

Taylor E, Holt R, Tavassoli T, Ashwin C, Baron-Cohen S. Revised scored
sensory perception quotient reveals sensory hypersensitivity in women
with autism. Mol Autism. 2020;11:1-13.

Cummings KK, Lawrence KE, Hernandez LM, Wood ET, Bookheimer SY,
Dapretto M, Green SA. Sex differences in salience network connectivity
and its relationship to sensory over-responsivity in youth with autism
spectrum disorder. Autism Res. 2020;13(9):1489-500.

Yang J, Lee J. Different aberrant mentalizing networks in males and
females with autism spectrum disorders: Evidence from resting-state
functional magnetic resonance imaging. Autism. 2018;22(2):134-48.
Kirkovski M, Enticott PG, Hughes ME, Rossell SL, Fitzgerald PB. Atypical
neural activity in males but not females with autism spectrum disorder.
J Autism Dev Disord. 2016;46:954-63.

Hull JV, Dokovna LB, Jacokes ZJ, Torgerson CM, Irimia A, Van Horn JD.
Resting-state functional connectivity in autism spectrum disorders: a
review. Front Psych. 2017,7:205.

von dem Hagen EA, Stoyanova RS, Baron-Cohen S, Calder AJ. Reduced
functional connectivity within and between ‘social’resting state
networks in autism spectrum conditions. Soc Cogn Affect Neurosci.
2013;8(6):694-701.

Lawrence KE, Hernandez LM, Bowman HC, Padgaonkar NT, Fuster E,
Jack A, Aylward E, Gaab N, Van Horn JD, Bernier RA, Geschwind DH. Sex
differences in functional connectivity of the salience, default mode,
and central executive networks in youth with ASD. Cereb Cortex.
2020;30(9):5107-20.

Zhang Y, LiN, Li C, Zhang Z, Teng H,Wang Y, Zhao T, Shi L, Zhang K,

Xia K, Li J. Genetic evidence of gender difference in autism spectrum
disorder supports the female-protective effect. Transl Psychiatry.
2020;10(1):4.

Hernandez LM, Lawrence KE, Padgaonkar NT, Inada M, Hoekstra JN,
Lowe JK, Eilbott J, Jack A, Aylward E, Gaab N, Van Horn JD. Imaging-
genetics of sex differences in ASD: distinct effects of OXTR variants on
brain connectivity. Trans| Psychiatry. 2020;10(1):82.

Jack A, Sullivan CA, Aylward E, Bookheimer SY, Dapretto M, Gaab N, Van
Horn JD, Eilbott J, Jacokes Z, Torgerson CM, Bernier RA. A neurogenetic
analysis of female autism. Brain. 2021;144(6):1911-26.

Lawrence KE, Hernandez LM, Fuster E, Padgaonkar NT, Patterson G,
Jung J, Okada NJ, Lowe JK, Hoekstra JN, Jack A, Aylward E. Impact of
autism genetic risk on brain connectivity: a mechanism for the female
protective effect. Brain. 2022;145(1):378-87.

Rivet TT, Matson JL. Review of gender differences in core symp-
tomatology in autism spectrum disorders. Res Autism Spectr Disord.
2011;5(3):957-76.

McFayden TC, Antezana L, Albright J, Muskett A, Scarpa A. Sex differences
in an autism spectrum disorder diagnosis: are restricted repetitive behav-
jors and interests the key? Rev J Autism Dev Disord. 2020;7:119-26.
Gould J. Towards understanding the under-recognition of girls and
women on the autism spectrum. Autism. 2017,21(6):703-5.

Kopp S, Gillberg C. Girls with social deficits and learning problems:
autism, atypical Asperger syndrome or a variant of these conditions. Eur
Child Adolesc Psychiatry. 1992;1:89-99.

Cheslack-Postava K, Jordan-Young RM. Autism spectrum dis-

orders: toward a gendered embodiment model. Soc Sci Med.
2012,74(11):1667-74.

Baumeister RF, Leary MR. The need to belong: Desire for interpersonal
attachments as a fundamental human motivation. In: Baumeister RF,
Leary MR, editors. Interpersonal development. Milton Park: Routledge;
2017. p. 57-89.

Miles O, Boyle C, Richards A. The social experiences and sense of
belonging in adolescent females with autism in mainstream school.
Leicester: British Psychological Society; 2019.

Cage E, Troxell-Whitman Z. Understanding the reasons, contexts

and costs of camouflaging for autistic adults. J Autism Dev Disord.
2019;49(5):1899-911.

Beck JS, Lundwall RA, Gabrielsen T, Cox JC, South M. “Looking good but
feeling bad: “Camouflaging”behaviors and mental health in women
with autistic traits. Autism. 2020;24(4):809-21.


https://doi.org/10.1111/jcpp.13855

Rippon Biology of Sex Differences

96.

97.

98.

99.
100.

101.

105.

106.

107.

108.

109.

M.

113.

115.

119.

120.

(2024) 15:49

Lai M-C, Kassee C, Besney R, Bonato S, Hull L, Mandy W, Szatmari P,
Ameis SH. Prevalence of co-occurring mental health diagnoses in the
autism population: a systematic review and meta-analysis. Lancet
Psychiatry. 2019;6(10):819-29.

Bernardin CJ, Lewis T, Bell D, Kanne S. Associations between social
camouflaging and internalizing symptoms in autistic and non-autistic
adolescents. Autism. 2021;25(6):1580-91.

Ross A, Grove R, McAloon J. The relationship between camouflaging
and mental health in autistic children and adolescents. Autism Res.
2023;16(1):190-9.

James L. Odd girl out: an autistic woman in a neurotypical world. likley:
Boxtree; 2017.

O'Toole JC. Autism in heels: the untold story of a female life on the
spectrum. New York: Simon and Schuster; 2018.

Willey LH. Pretending to be normal: living with Asperger’s syndrome
(autism spectrum disorder) expanded edition. London: Jessica Kingsley
Publishers; 2014.

Nerenberg J. Divergent mind: thriving in a world that wasn't designed
for you. San Francisco: HarperOne; 2020.

Limburg J. Letters to my weird sisters: On autism and feminism. Lon-
don: Atlantic Books; 2021.

Belcher HL. Taking off the mask: practical exercises to help understand
and minimise the effects of autistic camouflaging. London: Jessica
Kingsley Publishers; 2022.

Elcheson J, Stewart C, Lesko A, Willey LH, Craft S, Purkis Y, Ross K, Lory B,
Jurkevythz R, Mayne T, Campbell M. Spectrum women: walking to the
beat of autism. London: Jessica Kingsley Publishers; 2018.

Bargiela S, Steward R, Mandy W. The experiences of late-diagnosed
women with autism spectrum conditions: an investigation of the
female autism phenotype. J Autism Dev Disord. 2016;46:3281-94.

Hull L, Petrides KV, Allison C, Smith P, Baron-Cohen S, Lai MC, Mandy W.
“Putting on my best normal”: social camouflaging in adults with autism
spectrum conditions. J Autism Dev Disord. 2017;47:2519-34.

Hull L, Petrides KV, Mandy W. The female autism phenotype and cam-
ouflaging: a narrative review. Rev J Autism Dev Disord. 2020;7:306-17.
Cook J, Hull' L, Crane L, Mandy W. Camouflaging in autism: a systematic
review. Clin Psychol Rev. 2021;89: 102080.

Tubio-Fungueirifio M, Cruz S, Sampaio A, Carracedo A, Ferndndez-Prieto
M. Social camouflaging in females with autism spectrum disorder: a
systematic review. J Autism Dev Disord. 2021;51:2190-9.

Lawson WB. Adaptive morphing and coping with social threat in
autism: an autistic perspective. J Intellect Disability Diagn Treat.
2020;8(3):519-26.

Milner V, Mandy W, Happé F, Colvert E. Sex differences in predictors and
outcomes of camouflaging: Comparing diagnosed autistic, high autistic
trait and low autistic trait young adults. Autism. 2023;27(2):402-14.
Dean M, Harwood R, Kasari C. The art of camouflage: Gender differ-
ences in the social behaviors of girls and boys with autism spectrum
disorder. Autism. 2017;21(6):678-89.

Bernardin CJ, Mason E, Lewis T, Kanne S."You must become a chame-
leon to survive”: adolescent experiences of camouflaging. J Autism Dev
Disord. 2021:1-14.

Wood-Downie H, Wong B, Kovshoff H, Mandy W, Hull L, Hadwin JA. Sex/
gender differences in camouflaging in children and adolescents with
autism. J Autism Dev Disord. 2021;51:1353-64.

Lai MC, Lombardo MV, Ruigrok AN, Chakrabarti B, Auyeung B, Szatmari
P, Happé F, Baron-Cohen S, MRC AIMS Consortium. Quantifying and
exploring camouflaging in men and women with autism. Autism.
2017;21(6):690-702.

Alaghband-rad J, Hajikarim-Hamedani A, Motamed M. Camouflage and
masking behavior in adult autism. Front Psychiatry. 2023;14:1108110.
Hull' L, Mandy W, Lai MC, Baron-Cohen S, Allison C, Smith P, Petrides

KV. Development and validation of the camouflaging autistic traits
questionnaire (CAT-Q). J Autism Dev Disord. 2019;49:819-33.

Hannon B, Mandy W, Hull L. A comparison of methods for measuring
camouflaging in autism. Autism Res. 2023;16(1):12-29.

Ai W, Cunningham WA, Lai MC. The dimensional structure of the
Camouflaging Autistic Traits Questionnaire (CAT-Q) and predictors of
camouflaging in a representative general population sample. Compr
Psychiatry. 2024;128: 152434,

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

132.

135.

137.

138.

139.

140.

141.

142.

Page 150f 16

Cook J, Crane L, Hull L, Bourne L, Mandy W. Self-reported camouflaging
behaviours used by autistic adults during everyday social interactions.
Autism. 2022,26(2):406-21.

Kapp SK, Steward R, Crane L, Elliott D, Elphick C, Pellicano E, Russell G.
‘People should be allowed to do what they like": autistic adults’ views
and experiences of stimming. Autism. 2019;23(7):1782-92.

Ai W, Cunningham WA, Lai MC. Reconsidering autistic ‘camouflaging'as
transactional impression management. Trends Cogn Sci.
2022,26(8):631-45.

Schneid |, Raz AE. The mask of autism: Social camouflaging and impres-
sion management as coping/normalization from the perspectives of
autistic adults. Soc Sci Med. 2020;248: 112826.

Perry E, Mandy W, Hull L, Cage E. Understanding camouflaging as a
response to autism-related stigma: a social identity theory approach. J
Autism Dev Disord. 2022;52(2):800-10.

Howe SJ, Hull L, Sedgewick F, Hannon B, McMorris CA. Understanding
camouflaging and identity in autistic children and adolescents using
photo-elicitation. Res Autism Spectr Disord. 2023;108: 102232.

Walsh MJ, Pagni B, Monahan L, Delaney S, Smith CJ, Baxter L, Braden
BB. Sex-related brain connectivity correlates of compensation in

adults with autism: insights into female protection. Cereb Cortex.
2023;33(2):316-29.

Lai MC, Lombardo MV, Chakrabarti B, Ruigrok AN, Bullmore ET, Suckling
J, Auyeung B, Happé F, Szatmari P, Baron-Cohen S. Neural self-rep-
resentation in autistic women and association with ‘compensatory
camouflaging! Autism. 2019;23(5):1210-23.

Gillis-Buck EM, Richardson SS. Autism as a biomedical platform for sex
differences research. BioSocieties. 2014,9:262-83.

Robinson EB, Lichtenstein P, Anckarsater H, Happé F, Ronald A. Examin-
ing and interpreting the female protective effect against autistic
behavior. Proc Natl Acad Sci. 2013;110(13):5258-62.

Lai MC, Lombardo MV, Auyeung B, Chakrabarti B, Baron-Cohen S. Sex/
gender differences and autism: setting the scene for future research. J
Am Acad Child Adolesc Psychiatry. 2015;54(1):11-24.

Rippon G, Jordan-Young R, Kaiser A, Fine C. Recommendations for sex/gen-
der neuroimaging research: key principles and implications for research
design, analysis, and interpretation. Front Hum Neurosci. 2014,8:650.
Rippon G.The gendered brain: the new neuroscience that shatters the
myth of the female brain. New York: Random House; 2019.
Kloosterman PH, Kelley EA, Craig WM, Parker JD, Javier C. Types and
experiences of bullying in adolescents with an autism spectrum disor-
der. Res Autism Spectr Disord. 2013;7(7):824-32.

Hartley G, Sirois F, Purrington J, Rabey Y. Adverse childhood experiences
and autism: a meta-analysis. Trauma Violence Abuse. 2023. https://doi.
org/10.1177/15248380231213314.

Douglas S, Sedgewick F. Experiences of interpersonal victimization and
abuse among autistic people. Autism. 2023. https://doi.org/10.1177/
13623613231205630.

Hisle-Gorman E, Landis CA, Susi A, Schvey NA, Gorman GH, Nylund CM,
Klein DA. Gender dysphoria in children with autism spectrum disorder.
LGBT Health. 2019;6(3):95-100.

Strang JF, van der Miesen Al, Caplan R, Hughes C, daVanport S, Lai MC.
Both sex-and gender-related factors should be considered in autism
research and clinical practice. Autism. 2020;24(3):539-43.

Simcoe SM, Gilmour J, Garnett MS, Attwood T, Donovan C, Kelly AB. Are
there gender-based variations in the presentation of autism amongst
female and male children? J Autism Dev Disord. 2023;53(9):3627-35.
Strang JF, McClellan LS, Li S, Jack AE, Wallace GL, McQuaid GA, Kenwor-
thy L, Anthony LG, Lai MC, Pelphrey KA, Thalberg AE. The autism spec-
trum among transgender youth: default mode functional connectivity.
Cereb Cortex. 2023;33(11):6633-47.

Joel D, Berman Z, Tavor |, Wexler N, Gaber O, Stein Y, Shefi N, Pool J,
Urchs S, Margulies DS, Liem F. Sex beyond the genitalia: the human
brain mosaic. Proc Natl Acad Sci. 2015;112(50):15468-73.

Joel D, Mccarthy MM. Incorporating sex as a biological variable in
neuropsychiatric research: where are we now and where should we be?
Neuropsychopharmacology. 2017,42(2):379-85.

Eliot L, Ahmed A, Khan H, Patel J. Dump the “dimorphism”: Compre-
hensive synthesis of human brain studies reveals few male-female
differences beyond size. Neurosci Biobehav Rev. 2021;125:667-97.


https://doi.org/10.1177/15248380231213314
https://doi.org/10.1177/15248380231213314
https://doi.org/10.1177/13623613231205630
https://doi.org/10.1177/13623613231205630

Rippon Biology of Sex Differences (2024) 15:49

144,

145.

146.

Fletcher-Watson S, Adams J, Brook K, Charman T, Crane L, Cusack J,
Leekam S, Milton D, Parr JR, Pellicano E. Making the future together:
shaping autism research through meaningful participation. Autism.
2019;23(4):943-53.

Saure E, Castrén M, Mikkola K, Salmi J. Intellectual disabilities moderate
sex/gender differences in autism spectrum disorder: a systematic
review and meta-analysis. J Intellect Disabil Res. 2023;67(1):1-34.
Walsh MJ, Wallace GL, Gallegos SM, Braden BB. Brain-based sex differ-
ences in autism spectrum disorder across the lifespan: a systematic
review of structural MRI, fMRI, and DTl findings. Neurolmage Clin.
2021;31:102719.

147. Muller RA, Reiter MA. Brain changes in adolescence-it is about time to
get serious in autism spectrum disorder research. Autism Res. 2018.
https://doi.org/10.1002/aur.2042.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 16 of 16


https://doi.org/10.1002/aur.2042

	Differently different?: A commentary on the emerging social cognitive neuroscience of female autism
	Abstract 
	Highlights 
	Introduction
	Functional brain differences in autism
	Autism and the social brain—accumulating evidence
	The male spotlight problem in autism
	Under-studied females—the use of big data sets
	What happens when you do include females?
	Missed or missing? Is ‘female’ autism different?
	Camouflaging and the social brain
	Sex-differences in camouflaging: social brain networksreward circuits as candidate pathways?
	General discussion and critical issues for future research

	Limitations
	Summary and conclusion
	Acknowledgements
	References


