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Sex≠ Gender

Multi-component constructs

Sometimes non-binary, and are often multi-categorical or continuous

Caveat – current autism (& clinical/neuroscience) research mostly still 
treats them as a single, binary variable – a proxy measure

Mitigation –
ü Measuring these complexities to capture more variances
ü Measuring the specific components that are relevant
ü Modelling/analyzing their effects separately and jointly



Mo et al., 2021, NeuroImage: Clinical



Loomes et al., 2017, JAACAP

‘Active’ Case Ascertainment
3.25 (2.92 – 3.62)

‘Passive’ Case Ascertainment
4.56 (4.10 – 5.07)

Although overall ratio 
4.20 (3.84 – 4.60) …



Clinical care
(diagnosis, 

behavioural
presentation, 
health status, 

supports)

Biological 
heterogeneity Aetiologies

How do sex & gender 
modulate recognition, 
presentation, adaptation 
& developmental changes?

(How) Are the biological 
substrates of autism differ 
by sex & gender?

What underlies ‘female 
protection’?

Are there converging 
mechanisms underlying 
sex differentiation, gender 
socialization, & the 
emergence of autism?

Why should we care about sex & gender in autism?

Caveats in current knowledge/literature:
- Many under-represented populations
- A lack of appreciation of multi-faceted sex and gender factors



Clinical implications



Status Quo: Autism tends to be 
recognized/diagnosed later in females 
than in males (assigned sex at birth)



2002 US CDC autism surveillance data:
“The median age of identification for female subjects (6.1 
years) was significantly older than that for male subjects 
(5.6 years)… Females in our sample were identified at a 
later age despite a tendency to be more cognitively 
impaired.”

Shattuck et al., 2009, JAACAP

1998-2018 UK Clinical Practice Research Datalink (CPRD) 
primary care database:
“The mean age at which males received a diagnosis across 
the whole dataset was 12.3 years old (SD = 11.5) and for 
females 14.9 years old (SD = 12.4).”

Russell et al., 2021, JCPP



Factor 1 (contextual): Expectancy bias, 
gender stereotypes, & diagnostic 
overshadowing may impede the 
recognition of autism in non-male 
individuals (assigned sex at birth)



McDonnell et al., 2020, JCCAP; Also see Harrop et al., 2020, Autism Res



Autistic boys and girls (mean=10 years) matched on ADOS scores

“…females who ultimately met criteria on gold-standard 
diagnostic measures were more severely affected in 
real-world settings than their male counterparts.”

Ratto et al., 2018, JADD Dworzynski et al., 2012, JAACAP; Duvekot et al., 2017, Autism



Kentrou et al, 2021, Res Autism Spec Dis; Kentrou et al., 2018, Autism

Netherlands Autism Register: N=1019 (494 M, 525 F), >16 y/o

“…the delay in receiving an autism diagnosis was 1.5 years in boys and 2.6 years 
in girls with pre-existing ADHD, compared with boys and girls without prior ADHD”



Danish National Patient Registry: N=2199 (1312 M, 887 F), autism diagnosis in adulthood

Rødgaard et al, 2021, Mol Autism



“There was also an interaction: female gender 
had an effect on ratings of the ‘female 
phenotype’, but not on the ‘male phenotype’ 
vignette.”

Whitlock et al., 2020, Autism Res



Factor 2 (individual): Sex- and gender-
related factors can modulate autistic 
behavioural presentations and their 
developmental trajectories



Fewer RRBI on conventional measures in girls, and 
age-related differences
From a 27-site integrative analysis (N=8,985)

l“Boys received more severe RRB scores than girls on both the ADOS and ADI-R 
(age 4+ algorithm)”

l“Girls received more severe scores than boys on both SRS indices [of social-
communication and RRB], which emerged in adolescence”

l”Among children who ultimately receive a clinical ASD diagnosis, severity 
estimates do not systematically differ to such an extent that sex-specific scoring 
procedures would be necessary”

l“we could not address sex differences in phenotypic aspects outside of these 
scores [i.e. ADI-R, ADOS, SRS]”

Kaat et al., 2020, JCPP



Harrop et al., 2019, Mol Autism

Presentations not well captured by conventional measures
Example 1: Social attention & linguistic characteristics

Del Bianco et al., in press, JCPP



Song et al., 2020, JCPP



Sedgewick et al., 2016, JADD; 2018, Autism

46 adolescents with special education 
needs, attending special schools in 
England

102 adolescents in the general 
community attending mainstream 
education

“…in many ways, the friendships and 
social experiences of autistic girls are 
similar to those of neurotypical girls.”

“Autistic girls, however, have 
significantly more social challenges 
than their neurotypical peers, 
experiencing more conflict and finding 
that conflict harder to manage 
successfully.”

Example 2: Friendship and social motivation



ALSPAC (UK birth cohort): 9744 children in the 
general population; 4784 males and 4960 females

Mandy et al., 2018, JCPP

Example 3: (Social) developmental context and changes

Rutherford et al., 2016, Autism



Pathways in ASD: 355 autistic boys, 66 autistic girlsBaby Siblings Research Consortium: 
total 1824 infants;  193 autistic boys, 
59 autistic girls

Messinger et al., 2015, Mol Autism Waizbard-Bartov et al., 2021, JADD

Autism Phenome Project: 89 
autistic boys, 36 autistic girls

Szatmari et al., 2015, JAMA Psychiatry



Example 4: Social coping (‘masking’, ‘camouflaging’, ‘passing as 
non-autistic’)

Lai et al., 2017, AutismHull et al., 2017 & 2018, JADD; 2019 Autism; 2019 Front Young Mind



Dean et al., 2017, Autism

Playground behaviour Reciprocity in Interactive Drawing Test

Wood-Downie et al., 2020, JADDhttps://www.dreamstime.com/royalty-free-stock-image-
children-playground-image19885846#_



Ai, Cunningham, & Lai, in revision

‘Camouflaging’ conceptually overlaps 
with impression management in 
humans in general, yet unique aspects 
exist considering autistic cognition in 
neurotypical contexts, across 
motivations, neurocognition, and 
consequences to wellbeing.



Health burden is high in autistic people, 
particularly in girls/women



Age effect: ADHD, depression, bipolar, SSD
Sex/gender effect: depression

ID effect: SSD
Human Development Index effect: OCD

Lai et al., 2019, 
Lancet Psychiatry



Kassee & Babinski et al., 2020, Mol Autism



Neurodiversity intersects with gender 
and sexual diversity

? UNCLEAR MECHANISTIC LINKS



OR for NDD/Psy Dx in trans compared to 
cisgender adults

Autism, neurodevelopmental conditions, and gender diversity

Warrier et al., 2020, Nature Comm

675 adolescents (age >15) and adults registered 
in the Netherlands Autism Register (NAR)

Dewinter et al., 2017, JADD



Biological heterogeneity 
implications



The common (neuroimaging) approach:
‘where’, then ‘how it relates to behaviour’

Localization: Where in the brain the features of autism are different 
between sexes (i.e. sex-dependent)
◦ Examining diagnosis-by-sex interactions using mass-univariate regression 

models
◦ Examining diagnosis effects stratified by sex

Inferring function based on the brain region



Floris, Filho et al., 2021, Mol Autism

rs-fMRI data from 13 sites (ABIDE I+II), 7-18 years
444 autism: 362 male, 82 female
575 control: 409 male, 166 female

Example 1: Intrinsic 
functional organization



Floris, Filho et al., 2021, Mol Autism



T1w sMRI data from 12 sites, 2-65 years
491 autism: 362 male, 129 female
836 control: 481 male, 355 female

Bedford et al., 2020, Mol Psychiatry

Example 2: 
Morphometry



A new ‘global’ approach

Whole-brain pattern: How is the 
overall brain features of autism 
modulated by sex?
◦ Global pattern ßà fundamental 

‘global’ mechanisms
◦ ‘Quantitative’ sex-modulation
◦ ‘Qualitative’ sex-modulation

Behavioural Genetics
quantitative sex differences — degree of 

genetic/environment influences on autism that 
vary between males and females

qualitative sex differences — different 
genetic/environmental influences of autism 

affecting males and females

Human Neuroimaging
quantitative sex-modulation — same brain 
involvement, with larger-effect changes in 

autistic females than in males
qualitative sex-modulation — different brain 

involvement, with different changes in autistic 
females than in males

Ronald et al., 2006, JAACAP
Ronald et al., 2011, Mol Psychiatry
Lai et al., 2017, J Neurosci Res



Hammill et al., 2021, Biol Psychiatry: CNNI

T1w sMRI data from 1 site (with 2 scanner versions), 3-50 years
373 (569 scans) ASD: 299 (467 scans) male, 74 (102 scans) female
466 (614 scans) control: 240 (334 scans) male, 226 (280 scans) female

Quantitative sex-modulation Qualitative sex-modulation

A simple univariate example



No evidence supporting the quantitative sex-modulation model

Hammill et al., 2021, Biol Psychiatry: CNNI



Indicators supporting the qualitative sex-modulation model on cortical 
mean absolute curvature and subcortical volume, but not other metrics

Hammill et al., 2021, Biol Psychiatry: CNNI



Aetiological implications



The so-called ‘female protection’ in 
autism aetiology applies not only to rare, 
but also common, genetic variants

? ACTUAL MECHANISMS OF SO-CALLED ‘PROTECTION’  ARE STILL  UNCLEAR

? GENETIC – NEURODEVELOPMENT – NEUROPHENOTYPE – BEHAVIOUR
PATHWAYS



Satterstrom et al., 2020, CellWigdor et al., 2021, medRxiv; Antaki et al., 2021, medRxiv

REACH, SPARK & SSC

SPARK & SSC



Warrier et al., 2021, medRxiv

SPARK and SSC
-- stratified by IQ level



Convergence between autistic brain 
features and (multivariate) brain 
sex/gender features informs specific 
neurodevelopmental mechanisms 



Floris, Peng et al., 2022, medRxiv

Multivariate structural brain 
features show lower sex-prediction 
accuracy in autistic females
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Male?

Female?

H1: In autism group, the Simple Fully 
Convolutional Network sex-prediction 
model is more likely to misclassify females 
as males, than misclassify males as females
H2: In females, the model is more likely to 
misclassify autistic females as males
H3: In males, the model is more likely to 
correctly classify autistic males to be males



Slides: courtesy of Dr. Donna Werling

At the molecular – genetics level:  what point do sex effects intersect 
with autism aetiology?



Male-biased expression genes do not overlap with autism candidate 
genes, but male sex-biased pathways were also implicated by the 
autism candidate genes (e.g., up-regulated immune/microglia genes)

Ziats et al., 2013,  Mol Autism;  Werling et al., 2016, Nature Comm



McCarthy et al., 2015,  Horm Beh; Lenz & McCarthy, 2015, Neuroscientist 48McCarthy & Wright, 2016, Biol Psychiatry



What is the nature of ‘female-protection’ in the brain? 
We do not know yet. (1) Although sex- and gender-related mechanisms provide insight, we know 
too little about how these mechanisms influence brain development before the emergence of 
autism. (2) Population-based continuum designs and genetics-first approaches are needed. 

Lack of sex difference 
in 16p11.2 CNV gene 
dosage on brain 
volume

Martin-Brevet et al., 2018, Biol Psychiatry

In RATSS twin sample, for a similar increase 
in autistic traits, females presented with 
both distinct and more structural brain 
alterations compared to males.

Cauvet et al., 2018, Cereb Cortex





Courtesy of CIHR 
Institute of Gender 
and Health



Female autism phenotype?

Nuanced autism presentations 
modulated by sex- or gender-

related factors

Rethinking (& re-defining) autism;
Improving recognition  

Lai, Lin, & Ameis, 2022, Curr Opin Psychiatry



Lai, Lombardo et al., 2017 & 2019, Autism

Human beings grow and develop;
Environment and contexts matter

https://en.wikipedia.org/wiki/Masking_(personality)#/media/File:Autism_Aspect_Masking_1.png



Addressing existing knowledge and practical biases;
Considering intersectionality

Mo et al., 2021, NeuroImage: Clinical



Clinical care
(diagnosis, 

behavioural
presentation, 
health status, 

supports)

Biological 
heterogeneity Aetiologies

How do sex & gender 
modulate recognition, 
presentation, adaptation 
& developmental changes?

(How) Are the biological 
substrates of autism differ 
by sex & gender?

What underlies ‘female 
protection’?

Are there converging 
mechanisms underlying 
sex differentiation, gender 
socialization, & the 
emergence of autism?

Why should we care about sex & gender in autism?



Sincere thanks to everyone who cares about autistic 
people and contributes to science 🙏


