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Abstract

Sex differences have been reported in autistic traits and systemizing (male advantage), and empathizing (female advantage)
among typically developing individuals. In individuals with autism, these cognitive-behavioural profiles correspond to
predictions from the ‘‘extreme male brain’’ (EMB) theory of autism (extreme scores on autistic traits and systemizing, below
average on empathizing). Sex differences within autism, however, have been under-investigated. Here we show in 811
adults (454 females) with autism and 3,906 age-matched typical control adults (2,562 females) who completed the Empathy
Quotient (EQ), the Systemizing Quotient-Revised (SQ-R), and the Autism Spectrum Quotient (AQ), that typical females on
average scored higher on the EQ, typical males scored higher on the SQ-R and AQ, and both males and females with autism
showed a shift toward the extreme of the ‘‘male profile’’ on these measures and in the distribution of ‘‘brain types’’ (the
discrepancy between standardized EQ and SQ-R scores). Further, normative sex differences are attenuated but not
abolished in adults with autism. The findings provide strong support for the EMB theory of autism, and highlight differences
between males and females with autism.
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Introduction

Typical males on average score higher on measures of autistic

traits (i.e., the individual features that comprise the quantitative

variation in domains of cognition and behaviour associated with

autism) [1] than do typical females [2–5]. In addition, the sex ratio

of the prevalence for autism spectrum conditions (henceforth

‘autism’) is male-biased [6]. The extreme male brain (EMB) theory of

autism explains these two findings by positing that there are typical

male and female cognitive profiles (‘brain types’) in the general

population, in two domains: empathizing (the drive and ability to

identify a person’s thoughts and feelings, and to respond to these

with an appropriate emotion) [7] and systemizing (the drive and

ability to analyse or build systems) [8]. Typical females, on

average, exhibit more empathizing and less systemizing compared

to typical males, and people with autism show an extreme of this

‘male profile’ [9,10].

One unresolved issue is whether normative sex differences in

this cognitive profile in the general population are also observed in

autism. This is important for identifying sex-specific autism

phenotypes [11], understanding the biological basis of these

phenotypes [12,13], and deepening our understanding of females

with autism [9]. The few studies investigating cognitive and

behavioural sex differences within autism show inconsistent results:

some studies have found no significant sex differences in autism

[14,15], whilst other studies have found some sex differences, on a

mixed set of measures [16–21]. For example, a meta-analysis

(based on smaller-scale studies) [22] and large-scale studies [20,23]

indicate that females show fewer repetitive, restricted behaviours

and interests. Cognitively, most differences between males and

females with autism (when compared respectively to neurotypical

males and females) are observed in executive functions and

visuospatial processing, whereas they tend to share similar levels of

social-emotional cognitive difficulties [18,19,24]. It is unclear what

the relevance of these is to the EMB theory as normative sex

differences were not always tested, and these tasks may not load on

to empathizing or systemizing. One study found females with

autism had slightly but significantly higher scores on the Autism

Spectrum Quotient (AQ) via self-report, even though they scored

lower than males with autism on the Autism Diagnostic

Observation Schedule (ADOS) [21]. This suggests they may have

developed strategies to better ‘camouflage’ their social-communi-

cation difficulties. Overall, it remains unclear if autism abolishes or

simply attenuates normative sex differences.

Most previous studies also suffer from relatively small sample

sizes. An exception is the largest study to date using the Simons

Simplex Collection, comparing autism symptoms in 304 female

and 2,114 male children with ‘simplex’ autism, aged 4–18 years

[25]. This study found that, compared to males, females have

somewhat greater social communication impairments, fewer

restricted interests (but not fewer repetitive behaviours and
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stereotypies), poorer adaptive skills, and higher level of external-

izing problems. There is, however, no study with a comparative

sample size in adults with autism. In many of the above studies

there is a relative under-representation of females with autism,

especially those with average or above-average intelligence [22].

Small and sex-unbalanced sample sizes may affect the statistical

power to detect sex differences with small or medium effect sizes

[26]. In addition, comparing studies testing very young children

[17] with others including a broad age range [16] may obscure sex

differences due to developmental changes. Furthermore, sex

differences within autism may vary with IQ, and whilst some

studies have matched for age and IQ, others have not. Previous

studies have also varied in whether measures were retrospective

parent-reports [16] or direct observation [17], and this could

produce discrepant results [27,28].

To overcome these confounds, and to test the EMB theory

directly, Lai et al. tested 33 male and 29 female adults with high-

functioning autism or Asperger syndrome, matched for age and

IQ, and found no sex differences on the EQ or SQ-R [21]. This

suggests that normative sex differences on these measures are

abolished in autism [7,8]. Wheelwright et al. investigated 69 males

and 56 females with high functioning autism or Asperger

syndrome, and also found typical sex differences on self-report

scores of EQ or SQ-R were abolished in autism [29]. Auyeung et

al. studied 46 girls and 219 boys with autism, and they too

confirmed that typical sex differences in parent-reported empa-

thizing and systemizing were abolished in autism [30]. These

findings from studies of empathizing and systemizing are

consistent with the EMB theory of autism [10].

In the present study, we attempt to overcome the issue of

statistical power by investigating sex differences in the largest, and

importantly, most sex-balanced sample in adults to date: over 800

individuals with autism. Again we focus on empathizing and

systemizing because these have given the clearest results to date,

both in terms of normative sex differences, and the predicted

attenuation or absence of these sex differences in autism, based on

the EMB theory. We selected individuals over 18 years of age since

dispositional traits of empathy and systemizing, such as aspects of

personality, are likely to be stabilized by adulthood. In addition, all

individuals were high-functioning, so that sex differences could be

investigated independent of learning disability. We used online

self-report questionnaires to gather a very large sample, which

increased statistical power in detecting sex differences, even if these

were attenuated in autism.

Method

Participants
Participants were recruited online. After exclusions (see below),

the autism group comprised 811 individuals (454 females, 357

males) who completed questionnaires at one of two websites (www.

autismresearchcentre.com or www.cambridgepsychology.com)

and reported having a formal clinical diagnosis of an autism

spectrum condition. Diagnoses comprised Asperger Syndrome

(n = 506), High Functioning Autism (n = 41), Autism (n = 11),

Pervasive Developmental Disorder (n = 15), and Autism Spectrum

Condition (participants who did not specify a subtype) (n = 238).

After exclusions (see below), the typical control group comprised

3,906 individuals (2,562 females, 1,344 males), who completed

questionnaires and who reported they had no diagnosis of an

autism spectrum condition, via www.cambridgepsychology.com.

Anyone from this group who reported having a child or other

family members with autism was excluded from the control group,

to avoid inadvertently including those with the ‘broader autism

phenotype’ [31]. Individuals with a diagnosis of bipolar disorder,

epilepsy, schizophrenia, attention-deficit/hyperactivity disorder

(ADHD), obsessive-compulsive disorder (OCD), learning disability

(LD), an intersex/transsexual condition, or psychosis were

excluded from both groups. Outliers, defined as having a z-score

of 3.29 or greater on each measure, were also excluded.

Participants were aged between 18 and 75 years old (see Table 1)

and those in the autism group did not differ in age from the control

group (F(1, 4713) = .21, p = .63). A majority of the individuals in

the autism group provided information on type of education

(mainstream, home, special) (n = 769), and of these individuals a

majority reported having attended mainstream school (n = 679;

88.3%). A majority of the autism group also provided information

on current occupation (n = 676), and of these a majority (n = 471;

69.7%) were currently employed, 115 (17%) individuals were in

full time study, and 90 (13.3%) individuals were unemployed. In

the control group, 1,709 individuals provided information on their

education type, and of these 1,679 (98.2%) individuals reported

having mainstream education. In total 2,648 control individuals

provided information on their occupation, and of these 2,184

(82.5%) were currently employed, 424 (16%) were in full time

study and 40 (1.5%) were unemployed.

Ethical Approval
Ethical approval was from the Psychology Research Ethics

Committee (PREC), University of Cambridge, UK. There is no

reason to question if adults with Asperger Syndrome (AS) or High-

Functioning Autism (HFA) can give informed consent since by

definition they have at least average, if not above-average IQ, and

have normal intellectual competence. Consent was obtained

online when participants registered to join the research database

and where they had the opportunity to read the Terms and

Conditions, which included how their data will be used for

research and how their personal information is only seen by

named database managers who take legal responsibility for data

protection. This data covers both their questionnaire data but also

performance data each participant provides, and their willingness

to be re-contacted to hear about new studies. This consent

procedure was approved by PREC as well.

Measures
We used the following four measures: (1) The Empathy

Quotient (EQ) quantifies individual differences in empathizing

[7]. (2) The Systemizing Quotient-Revised (SQ-R) [29] measures

individual differences in systemizing [8]. (3) The Autism Spectrum

Quotient (AQ) measures the degree to which an adult with an

average or above-average IQ has autistic traits [2]. (4) D score/

‘Brain Type’ is a measure of the standardized difference between

an individual’s empathizing and systemizing scores [30,32]. The

raw SQ-R and EQ scores are standardized by subtracting the

typical population mean (denoted by ,….) from the participant’s

score and then dividing this by the maximum possible score

(S = (SQ-R–,SQ-R.)/150 and E = (EQ–,EQ.)/80). The con-

trol group means are used as estimations of the typical population

means in this standardization procedure: EQ (mean = 44.87,

SD = 14.58) and SQ-R (mean = 59.66, SD = 22.15). The difference

(D) between the standardized EQ and SQ-R scores is then

calculated by: D = (S–E)/2. Using the D score, individuals can be

classed into one of five cognitive profiles, or ‘brain types’. ‘Brain

types’ based on D score are quantitatively defined in Table 2,

based on a prior study [32] which classed the lowest and highest

2.5th percentiles of scores in a large population-based typically

developing group as ‘Extreme Type E’ (E..S) and ‘Extreme

Type S’ (S..E) respectively. Those scoring between the 2.5th and
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35th percentiles are classed as ‘Type E’ (E.S), those between the

35th and 65th percentile as ‘Type B’ (balanced, E<S), and those

between the 65th and 97.5th percentile as ‘Type S’ (S.E).

Statistical Analysis
Large samples increase the robustness of ANOVA to violation

of normality and homogeneity of variance. Separate two-way

ANOVAs were conducted on AQ, EQ, SQ-R and D, with two

between-subject factors of ‘Diagnosis’ (autism vs. control) and ‘Sex’

(female vs. male). Sex-by-diagnosis interaction effects indicate

whether the effect of sex is dependent on the diagnostic status.

Significant interaction effects are followed up by simple main

effects analysis to establish whether significant sex differences exist

in each diagnostic group and to reveal whether the interaction is

ordinal or disordinal. Effect sizes were calculated using omega (v)

for main effects and interactions and Cohen’s d for focused

comparisons (simple main effects). For calculation of omega, the

harmonic mean sample size (the average sample size) is used to

correct for unequal sample size between groups. Omega has the

same benchmarks for effect size as r: 0.1 = small effect, 0.3 =

medium effect and 0.5 = large effect. As for Cohen’s d: 0.2 = small

effect, 0.5 = medium effect and .0.8 = large effect.

Results

Table 1 shows the mean scores for AQ, EQ, SQ-R and D for

males and females in the autism and control groups. Figures 1–3

show the distribution of scores for AQ, EQ and SQ-R in the

control and autism male and female groups.

AQ
An ANOVA revealed significant main effects of Diagnosis (F(1,

4713) = 2207, p,.001, v= .67) and Sex (F(1, 4713) = 63, p,.001,

v= .11). AQ scores were higher in the autism group than the

control group, and higher in males than females. There was a

significant ordinal interaction between Sex and Diagnosis (F(1,

4713) = 3.94, p = .047, v= .02), reflecting that sex differences were

smaller in the autism than the control groups. Simple main effect

analysis showed that typical males scored significantly higher than

typical females (F(1, 4713) = 133, p,.001, d = .41), and males with

autism scored significantly higher than females with autism,

though with a small effect size (F(1, 4713) = 10.87, p,.001,

d = .18). This indicates that normative sex differences were

attenuated, but not absent in the autism group.

EQ
An ANOVA revealed significant main effects of Diagnosis (F(1,

4351) = 1171.5, p,.001, v= .56) and Sex (F(1, 4351) = 202.6, p,

.001, v= .23). EQ scores were lower in the autism group than the

control group, and higher in females than males. There was also a

significant ordinal interaction between Sex and Diagnosis (F(1,

4351) = 14, p,.001, v= .06), again reflecting that sex differences

were smaller in the autism than the control groups. Simple main

effect analysis showed that typical females scored significantly

higher than typical males (F(1, 4351) = 455, p,.001, d = .76), and

females with autism scored significantly higher than males with

autism, though with a relatively smaller effect size (F(1,

4351) = 33.4, p,001, d = .40). This also indicates that normative

sex differences were attenuated, but not absent in the autism

group.

SQ-R
An ANOVA revealed significant main effects of Diagnosis (F(1,

4146) = 206.87, p,.001, v= .28) and Sex (F(1, 4146) = 11.97, p,
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.001, v= .21). SQ-R scores were higher in the autism group than

the control group, and higher in males than females. There was

also a significant ordinal interaction between Sex and Diagnosis

(F(1, 4146) = 11.6, p,.001, v= .06), once again reflecting that sex

differences were smaller in the autism than the control groups.

Simple main effect analysis showed that males scored significantly

higher than females in the control group (F(1, 4146) = 275.36, p,

.001, d = .61), and in the autism group but to a lesser extent (F(1,

4146) = 15.6, p,.001, d = .27). This also indicates that the

normative sex difference was attenuated, but not absent in the

autism group.

D-score and Brain Types
Table 2 shows the brain type boundaries calculated from the

current sample and a previous population-based adult sample

[29]. Table 3 shows the percentage of participants with each brain

type by group. In the control group more males than females were

in Type S and Extreme Type S, and more females than males

were in Type E and Extreme Type E. In the autism group, there

was a shift towards Type S and Extreme Type S for both males

and females, and there were more females than males with autism

in Type B, Type E and Extreme Type E. This is shown in Figure 4,

in which the D axis runs from the top left corner to the bottom

right corner. It is clear that typical females cluster in the top left

corner with the lowest D scores, followed by typical males,

Table 2. Brain type boundaries based on the D score, calculated from the current sample and a previous population-based adult
sample.

Brain type Brain type boundary Brain type boundarya

Extreme E D,20.23 D,20.21

Type E 20.23#D,20.053 20.21#D,20.041

Type B 20.053#D,0.048 20.041#D,0.040

Type S 0.048#D,0.277 0.040#D,0.21

Extreme S D$0.277 D$0.21

aData from [29].
doi:10.1371/journal.pone.0102251.t002

Figure 1. The distributions of Autism Spectrum Quotient (AQ) scores by the four groups: males and females with and without
autism spectrum conditions.
doi:10.1371/journal.pone.0102251.g001
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followed by females with autism, and finally by males with autism

in the bottom right corner, and with the highest D scores. Males

and females with autism appear to have a greater scatter across the

brain types than the typical control groups.

These findings were supported by an ANOVA on the D score,

which revealed significant main effects of Diagnosis (F(1,

4146) = 1058.8, p,.001, v= .55) and Sex (F(1, 4146) = 259.68,

p,.001, v= .27). D scores were higher in the autism group than

the control group, and higher in males than females. There was a

significant ordinal interaction between Sex and Diagnosis (F(1,

4146) = 21.59, p,.001, v= .07), demonstrating that sex differenc-

es were smaller in the autism than the control group. Simple main

effects analysis showed that males had significantly higher D scores

than females in the control group (F(1, 4146) = 606, p,.001,

d = .95), and also in the autism group but to a lesser extent (F(1,

4146) = 39.99, p,.001, d = .41). Again this indicates that norma-

tive sex differences were attenuated, but not absent, in the autism

group.

Table 4 shows a comparison of demographic characteristics

between individuals with two opposite sets of brain types (‘Extreme

Type S and Type S’ vs. ‘Extreme Type E, Type E and Type B’) in

the male and female autism groups. In the male autism group,

individuals with ‘Extreme Type E, Type E and Type B’ brain

types were significantly lower in mean age (t(293) = 2.6, p = .01),

and were significantly more likely to be in full time education (odds

ratio OR = 3.66, 95% confidence interval CI = [1.28, 10.42];

x2(1) = 6.6, p = .01), than individuals with ‘Extreme Type S and

Type S’ brain types. In the female autism group, individuals with

‘Extreme Type E, Type E and Type B’ brain types were

significantly more likely to be employed (OR = 2.1, 95% CI = [1.1,

3.96]; x2(1) = 5.4, p = .02), significantly less likely to be unem-

ployed (OR = 0.25, 95% CI = [0.057, 1.08]; x2(1) = 3.97, p = .046),

and marginally significantly more likely to have had a mainstream

education (OR = 2.45, 95% CI = [0.93, 6.48]; x2(1) = 3.49,

p = .06), than individuals with ‘Extreme Type S and Type S’

brain types.

Discussion

Consistent with previous smaller-scale studies [8,29,30] we

confirmed that in a very large typical control group, females on

average score higher on EQ, males on average scored higher on

AQ and SQ-R, and that both males and females with autism show

a shift to the extreme of the ‘male profile’. Using EQ and SQ-R

scores to calculate D score, which corresponds to specific cognitive

‘brain types’, Type E was the most frequent profile amongst

typical females, Type S was the most frequent profile in typical

males, and Type S and the Extreme Type S were the most

common ones in the autism group for both males and females. A

diagnosis of autism shifted the profiles of both males and females

towards the ‘extreme-male’ end (indicated by the same direction of

significant main effects of Diagnosis and Sex in the ANOVAs), and

the patterns of normative sex differences were significantly

attenuated in individuals with autism (indicated by the significant

ordinal interaction between Sex and Diagnosis). These findings fit

the predictions from the EMB theory of autism [10]. This likely

reflects a more pronounced effect of ‘masculinization’ (i.e., shifting

Figure 2. The distributions of Empathy Quotient (EQ) scores by the four groups: males and females with and without autism
spectrum conditions.
doi:10.1371/journal.pone.0102251.g002

Sex Differences in Autism

PLOS ONE | www.plosone.org 5 July 2014 | Volume 9 | Issue 7 | e102251



towards the typical male-end of the profile) in females with autism

in these aspects. This is also in line with recent neuroimaging

studies showing ‘masculinization’ of the brain in females with

autism [12,33,34] and likely reflects sex-linked biological factors at

work in autism, such as foetal testosterone [35,36].

Data from this large study also provide an adequately powered

test of whether normative sex differences in autistic traits,

empathizing, systemizing and cognitive ‘brain type’, previously

documented in typical individuals, are also present in individuals

with autism. Although the patterns of normative sex differences

were attenuated in individuals with autism, significant sex

differences were still evident, in the same direction as in the

control group (indicated by the significant ordinal Sex-by-

Diagnosis interaction and the significant differences shown by

simple effect analyses). The fact that significant sex differences

within autism were found in the present study is likely due to the

substantially larger sample size (6.5 times larger than the largest of

previous studies [29]), which provides greater power to detect

small and medium effect size sex differences.

The persistence of normative sex differences in autism, found in

this high-functioning adult cohort that is the largest to date, is

notable and fits with recent reflections about what the field may

have missed regarding females with autism. First, even though

both sexes have been clinically diagnosed with autism, autism-

related trait characteristics in males and females with autism

distribute differently on average. These traits, continuously

distributed in the general population, have well-established sex-

differential distributions [2,7,8]. Therefore, our finding here

echoes the call to consider sex-differential thresholds for clinically

diagnosing autism [1,37]. Second, the persistence of normative sex

differences in autism corresponds with recent findings of less male-

typical, possibly ‘compensated’, ‘masked’ or qualitatively different

‘female phenotypes’ of autism [18,20,21,25,38,39]. For example,

in our sample there were a moderate proportion of females with

autism having a Type B, Type E or even an Extreme Type E

profile (25.7%, who were also more likely to be employed and had

received mainstream education compared to those in Type S or

Extreme Type S), in contrast to males with autism (8.4%),

suggesting that there is substantial variability in ‘brain type’

profiles in this group. A less male-typical presentation of autism in

females, especially in high-functioning individuals, may be related

to the existing diagnostic bias towards males [39–41]. Further

studies are needed to directly address the various presentations of

autism in females and how they are similar to or different from

those of males.

This study has several limitations. First, only individuals who

were capable of self-reporting formal clinical diagnosis of an

autism spectrum condition were investigated, so the observed sex

differences may not generalize to subgroups with intellectual

disability or with substantial communication difficulties. General-

izability could be tested via parent-report of children on the

autistic spectrum, irrespective of the individual’s age or IQ.

Figure 3. The distributions of Systemizing Quotient-Revised (SQ-R) scores by the four groups: males and females with and without
autism spectrum conditions.
doi:10.1371/journal.pone.0102251.g003
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Second, since the data were all collected online, it is unknown if

the findings would generalize to individuals who cannot access the

internet to volunteer for research. Third, individuals with certain

co-occurring conditions or major psychiatric conditions were

excluded, so it is unknown how these might modulate cognitive

profiles. Fourth, there was no independent verification of diagnosis

for the majority of the autism group since participants were

recruited online. However, this approach did allow us to obtain a

much larger sample than could otherwise have been investigated.

Previous studies have shown high levels of agreement between

self/parent-reported and clinician-reported diagnosis [42], and all

individuals with autism in the present study provided the name of

the clinician and the clinic where they were diagnosed, so there is

no obvious reason to question their diagnoses. In addition, a subset

(n = 64) attended the National Health Service Cambridge Lifespan

Asperger Syndrome Service (CLASS) clinic in Cambridge, where

diagnosis was independently confirmed in person.

Although there is a long-held view that the male-bias in

prevalence is particularly extreme in the high-functioning end of

the autism spectrum (e.g., up to 14:1 [43]), recent large-scale

epidemiological data indicate that the sex ratio at the high-

functioning end is not as extreme as previously believed, but rather

falling between 2–5:1 [44–48]. This suggests that the earlier view

may be due to under-recognition of high-functioning females in

the past. With increased awareness and improved clinical

recognition, increasing numbers of high-functioning females with

autism volunteer for research to help our understanding of how

autism manifests in females. This is probably one reason why, in

the present study, we were able to recruit even more females than

males with autism. Although this sex ratio may not be

representative of the autism population at large, the comparable

sample size of males and females with autism in the present study

is desirable for a statistically robust investigation of sex differences

within autism (which has not been attainable in earlier studies).

The growing evidence of ‘masculinization’ in females with

autism now covers five different levels: behaviour, medical

symptomatology, cognition, neural, and endocrine. At the

behavioural level females with autism are shifted along the

continuum from ‘typical females’ to ‘typical males’ with regard to

gender-stereotyped behaviours [49–51]. At the medical symptom-

atology level, females with autism show higher rates of testoster-

one-driven conditions such as Polycystic Ovary Syndrome (PCOS)

and severe acne [49,52]. At the cognitive level, females with

autism are shifted beyond the ‘male-end’ along the ‘typical

females’—‘typical males’ continuum on the AQ, EQ, SQ-R

(present data), and the Reading the Mind in the Eyes test (Baron-

Cohen et al., in preparation). At the neural level, females with

autism show a shift towards ‘masculinization’ in both grey and

white matter brain morphology [12]. Finally, at the endocrine

level, females with autism show elevated serum levels of androgens

[53–55]. On the other hand, a recent large-scale population-based

study shows that elevated levels in utero of all of the D4 sex steroid

pathway (progesterone, 17a-hydroxy-progesterone, androstenedi-

one, and testosterone), as well as cortisol, predict later diagnosis of

autism in males [56]. It will be important to now test this in

females who go on to develop autism, in order to understand early

plausible developmental mechanisms associated with later ‘mas-

culinization’ across multiple levels.

We conclude that when measuring empathizing, systemizing,

and autistic traits in a large, adequately powered sample of high-

functioning adults with autism via self-report, results provide
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strong support for predictions from the EMB theory [10] that the

cognitive profiles of both males and females with autism are shifted

towards and beyond the typical male-distribution, and normative

sex differences in these profiles are attenuated in autism. However,

significant sex differences within autism (with small to medium

effect sizes) are evident, indicating a persistence of normative sex

differences despite the clinical diagnoses of autism. Future research

needs to address what factors (e.g. prenatal hormonal effects, sex-

linked genetic and epigenetic factors, and other mechanisms

associated with the regulation of gene expression) [57,58]

contribute to the emergence of the cognitive ‘masculinization’ in

autism [9], and characterize the similarities and differences

between males and females with autism [12,13,39] to help clarify

the substantial heterogeneity of the spectrum [1].

Figure 4. The distributions of males and females with and without autism spectrum conditions by ‘brain type’ (or cognitive style),
in relation to their EQ and SQ-R scores.
doi:10.1371/journal.pone.0102251.g004

Table 4. Comparison of demographic characteristics between the two opposite sets of brain types in the male and female autism
groups.

Demographic Characteristics Autism Females Autism Males

Extreme Type E,
Type E and Type B

Extreme Type S
and Type S

Extreme Type E,
Type E and Type B

Extreme Type S
and Type S

Mean Age (n) 36.8 (102) 33.7 (295) 29.4** (25) 36** (270)

Employment Status n = 84 n = 247 n = 20 n = 229

% Employed 83.33* 70.44* 60 67.69

% Unemployed 2.39* 8.91* 10 21.83

% In full time education 14.28 20.65 30** 10.48**

Education Type n = 98 n = 283 n = 25 n = 220

% Mainstream education 94.8 88.34 80 88.6

*p,.05,
**p,.01.
doi:10.1371/journal.pone.0102251.t004

Sex Differences in Autism

PLOS ONE | www.plosone.org 8 July 2014 | Volume 9 | Issue 7 | e102251



Acknowledgments

This study was conducted in association with the National Institute for

Health Research Collaborations for Leadership in Applied Health

Research and Care (NIHR CLAHRC) East of England (EoE). This study

was submitted in part fulfilment of the Degree of BSc by Maryam

Achoukhi and Sarah Robertson to the Department of Psychology,

University of Cambridge. We would like to thank Sally Wheelwright for

assistance in the maintenance of the volunteer database, and Rebecca

Kenny for assistance in the preparation of the manuscript.

Author Contributions

Conceived and designed the experiments: SBC SC BA CA MA SR AP M-

CL. Performed the experiments: SBC SC BA CA MA SR AP M-CL.

Analyzed the data: SC. Wrote the paper: SBC SC BA CA MA SR AP M-

CL.

References

1. Lai MC, Lombardo MV, Chakrabarti B, Baron-Cohen S (2013) Subgrouping

the Autism ‘‘Spectrum’’: Reflections on DSM-5. PLoS Biol 11: e1001544.

2. Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley E (2001) The

autism-spectrum quotient (AQ): evidence from Asperger syndrome/high-

functioning autism, males and females, scientists and mathematicians. J Autism

Dev Disord 31: 5–17.

3. Allison C, Baron-Cohen S, Wheelwright S, Charman T, Richler J, et al. (2008)

The Q-CHAT (Quantitative CHecklist for Autism in Toddlers): a normally

distributed quantitative measure of autistic traits at 18–24 months of age:

preliminary report. J Autism Dev Disord 38: 1414–1425.

4. Baron-Cohen S, Hoekstra RA, Knickmeyer R, Wheelwright S (2006) The

Autism-Spectrum Quotient (AQ)–adolescent version. J Autism Dev Disord 36:

343–350.

5. Auyeung B, Baron-Cohen S, Wheelwright S, Allison C (2008) The Autism

Spectrum Quotient: Children’s Version (AQ-Child). J Autism Dev Disord 38:

1230–1240.

6. Lai MC, Lombardo MV, Baron-Cohen S (2014) Autism. Lancet 383: 896–910.

7. Baron-Cohen S, Wheelwright S (2004) The empathy quotient: an investigation

of adults with Asperger syndrome or high functioning autism, and normal sex

differences. J Autism Dev Disord 34: 163–175.

8. Baron-Cohen S, Richler J, Bisarya D, Gurunathan N, Wheelwright S (2003)

The systemizing quotient: an investigation of adults with Asperger syndrome or

high-functioning autism, and normal sex differences. Philos Trans R Soc

Lond B Biol Sci 358: 361–374.

9. Baron-Cohen S, Lombardo MV, Auyeung B, Ashwin E, Chakrabarti B, et al.

(2011) Why are autism spectrum conditions more prevalent in males? PLOS Biol

9: e1001081.

10. Baron-Cohen S (2002) The extreme male brain theory of autism. Trends Cogn

Sci 6: 248–254.

11. Kirkovski M, Enticott PG, Fitzgerald PB (2013) A review of the role of female

gender in autism spectrum disorders. J Autism Dev Disord 43: 2584–2603.

12. Lai MC, Lombardo MV, Suckling J, Ruigrok AN, Chakrabarti B, et al. (2013)

Biological sex affects the neurobiology of autism. Brain 136: 2799–2815.

13. Werling DM, Geschwind DH (2013) Sex differences in autism spectrum

disorders. Curr Opin Neurol 26: 146–153.

14. Holtmann M, Bolte S, Poustka F (2007) Autism spectrum disorders: sex

differences in autistic behaviour domains and coexisting psychopathology. Dev

Med Child Neurol 49: 361–366.

15. Pilowsky T, Yirmiya N, Shulman C, Dover R (1998) The Autism Diagnostic

Interview-Revised and the Childhood Autism Rating Scale: differences between

diagnostic systems and comparison between genders. J Autism Dev Disord 28:

143–151.

16. McLennan JD, Lord C, Schopler E (1993) Sex differences in higher functioning

people with autism. J Autism Dev Disord 23: 217–227.

17. Carter AS, Black DO, Tewani S, Connolly CE, Kadlec MB, et al. (2007) Sex

differences in toddlers with autism spectrum disorders. J Autism Dev Disord 37:

86–97.

18. Lai MC, Lombardo MV, Ruigrok AN, Chakrabarti B, Wheelwright SJ, et al.

(2012) Cognition in males and females with autism: similarities and differences.

PLOS One 7: e47198.

19. Bolte S, Duketis E, Poustka F, Holtmann M (2011) Sex differences in cognitive

domains and their clinical correlates in higher-functioning autism spectrum

disorders. Autism 15: 497–511.

20. Mandy W, Chilvers R, Chowdhury U, Salter G, Seigal A, et al. (2012) Sex

differences in autism spectrum disorder: evidence from a large sample of

children and adolescents. J Autism Dev Disord 42: 1304–1313.

21. Lai MC, Lombardo MV, Pasco G, Ruigrok AN, Wheelwright SJ, et al. (2011) A

behavioral comparison of male and female adults with high functioning autism

spectrum conditions. PLoS One 6: e20835.

22. Van Wijngaarden-Cremers PJ, van Eeten E, Groen WB, Van Deurzen PA,

Oosterling IJ, et al. (2014) Gender and age differences in the core triad of

impairments in autism spectrum disorders: a systematic review and meta-

analysis. J Autism Dev Disord 44: 627–635.

23. Szatmari P, Liu XQ, Goldberg J, Zwaigenbaum L, Paterson AD, et al. (2012)

Sex differences in repetitive stereotyped behaviors in autism: Implications for

genetic liability. Am J Med Genet B Neuropsychiatr Genet 159B: 5–12.

24. Lemon JM, Gargaro B, Enticott PG, Rinehart NJ (2011) Executive functioning

in autism spectrum disorders: a gender comparison of response inhibition.

J Autism Dev Disord 41: 352–356.

25. Frazier TW, Georgiades S, Bishop SL, Hardan AY (2014) Behavioral and

cognitive characteristics of females and males with autism in the Simons Simplex

Collection. Journal of the American Academy of Child & Adolescent Psychiatry

53: 329–340.

26. Field A (2013) Discovering statistics using IBM SPSS statistics. London: SAGE

Publications Ltd. 952 p.

27. Lemler M (2012) Discrepancy between parent report and clinician observation

of symptoms in children with autism spectrum disorders. Discussions 8: 2

Available: http://wwwstudentpulsecom/a?id = 803. Accessed 2014 Jun 2.

28. Grantham CL, Gower MW, McCalla MK, Harris AN, O’Kelley SE, et al.

(2011) Diagnosis of autism utilizing the ADOS and ADI-R: are there factors to

account for discrepancies? International Meeting for Autism Research. San

Diego, California Available: https://imfar.confex.com/imfar/2011/

webprogram/Paper7956.html. Accessed 2014 Jun 2.

29. Wheelwright S, Baron-Cohen S, Goldenfeld N, Delaney J, Fine D, et al. (2006)

Predicting Autism Spectrum Quotient (AQ) from the Systemizing Quotient-

Revised (SQ-R) and Empathy Quotient (EQ). Brain Res 1079: 47–56.

30. Auyeung B, Wheelwright S, Allison C, Atkinson M, Samarawickrema N, et al.

(2009) The children’s Empathy Quotient and Systemizing Quotient: sex

differences in typical development and in Autism Spectrum Conditions.

J Autism Dev Disord 39: 1509–1521.

31. Wheelwright S, Auyeung B, Allison C, Baron-Cohen S (2010) Defining the

broader, medium and narrow autism phenotype among parents using the

Autism Spectrum Quotient (AQ). Mol Autism 1: 10.

32. Goldenfeld N, Baron-Cohen S, Wheelwright S (2005) Empathizing and

systemizing in males, females and autism. Clinical Neuropsychiatry 2: 8.

33. Beacher FD, Minati L, Baron-Cohen S, Lombardo MV, Lai MC, et al. (2012)

Autism attenuates sex differences in brain structure: a combined voxel-based

morphometry and diffusion tensor imaging study. AJNR Am J Neuroradiol 33:

83–89.

34. Beacher FD, Radulescu E, Minati L, Baron-Cohen S, Lombardo MV, et al.

(2012) Sex differences and autism: Brain function during verbal fluency and

mental rotation. PLOS ONE 7: e38355.

35. Auyeung B, Baron-Cohen S, Ashwin E, Knickmeyer R, Taylor K, et al. (2009)

Fetal testosterone and autistic traits. Br J Psychol 100: 1–22.

36. Baron-Cohen S, Knickmeyer RC, Belmonte MK (2005) Sex differences in the

brain: implications for explaining autism. Science 310: 819–823.

37. Constantino JN, Charman T (2012) Gender bias, female resilience, and the sex

ratio in autism. J Am Acad Child Adolesc Psychiatry 51: 756–758.

38. Gould J, Ashton-Smith J (2011) Missed diagnosis or misdiagnosis? Girls and

women on the autism spectrum. Good Autism Practice 12: 34–41.

39. Kreiser N, White S (2014) ASD in females: are we overstating the gender

difference in diagnosis? Clin Child Fam Psychol Rev 17: 67–84.

40. Dworzynski K, Ronald A, Bolton P, Happe F (2012) How different are girls and

boys above and below the diagnostic threshold for autism spectrum disorders?

J Am Acad Child Adolesc Psychiatry 51: 788–797.

41. Begeer S, Mandell D, Wijnker-Holmes B, Venderbosch S, Rem D, et al. (2013)

Sex differences in the timing of identification among children and adults with

autism spectrum disorders. J Autism Dev Disord 43: 1151–1156.

42. Daniels AM, Rosenberg RE, Law JK, Lord C, Kaufmann WE, et al. (2011)

Stability of initial autism spectrum disorder diagnoses in community settings.

J Autism Dev Disord: 110–121.

43. Wing L (1981) Sex ratios in early childhood autism and related conditions.

Psychiatry Res 5: 129–137.

44. Idring S, Rai D, Dal H, Dalman C, Sturm H, et al. (2012) Autism spectrum

disorders in the stockholm youth cohort: design, prevalence and validity. PLOS

ONE 7: e41280.

45. Mattila ML, Kielinen M, Linna SL, Jussila K, Ebeling H, et al. (2011) Autism

spectrum disorders according to DSM-IV-TR and comparison with DSM-5

draft criteria: An epidemiological study. J Am Acad Child Adolesc Psychiatry 50:

583–592 e511.

46. Hinkka-Yli-Salomaki S, Banerjee PN, Gissler M, Lampi KM, Vanhala R, et al.

(2013) The incidence of diagnosed autism spectrum disorders in Finland.

Nord J Psychiatry. doi: 10.3109/08039488.2013.861017.

47. Jensen CM, Steinhausen HC, Lauritsen MB (2014) Time trends over 16 years in

incidence-rates of autism spectrum disorders across the lifespan based on

nationwide Danish register data. J Autism Dev Disord. doi:10.1007/s10803-014-

2053-6.

Sex Differences in Autism

PLOS ONE | www.plosone.org 9 July 2014 | Volume 9 | Issue 7 | e102251

http://wwwstudentpulsecom/a?id=803
https://imfar.confex.com/imfar/2011/webprogram/Paper7956.html
https://imfar.confex.com/imfar/2011/webprogram/Paper7956.html


48. Saemundsen E, Magnusson P, Georgsdottir I, Egilsson E, Rafnsson V (2013)

Prevalence of autism spectrum disorders in an Icelandic birth cohort. BMJ Open
3.

49. Ingudomnukul E, Baron-Cohen S, Wheelwright S, Knickmeyer R (2007)

Elevated rates of testosterone-related disorders in women with autism spectrum
conditions. Horm Behav 51: 597–604.

50. Knickmeyer RC, Wheelwright S, Baron-Cohen SB (2008) Sex-typical play:
masculinization/defeminization in girls with an autism spectrum condition.

J Autism Dev Disord 38: 1028–1035.

51. Bejerot S, Eriksson JM (2014) Sexuality and gender role in autism spectrum
disorder: a case control study. PLoS One 9: e87961.

52. Pohl A, Cassidy S, Auyeung B, Baron-Cohen S (2014) Uncovering steroidopathy
in women with autism: a latent class analysis. Mol Autism 5: 27.

53. Schwarz E, Guest PC, Rahmoune H, Wang L, Levin Y, et al. (2011) Sex-specific
serum biomarker patterns in adults with Asperger’s syndrome. Mol Psychiatry

16: 1213–1220.

54. Bejerot S, Eriksson JM, Bonde S, Carlstrom K, Humble MB, et al. (2012) The

extreme male brain revisited: gender coherence in adults with autism spectrum

disorder. Br J Psychiatry 201: 116–123.

55. Ruta L, Ingudomnukul E, Taylor K, Chakrabarti B, Baron-Cohen S (2011)

Increased serum androstenedione in adults with autism spectrum conditions.

Psychoneuroendocrino 36: 1154–1163.

56. Baron Cohen S, Auyeung B, Norgaard-Pedersen B, Hougaard DM, Abdallah

MW, et al. (2014) Elevated fetal steroidogenic activity in autism. Mol Psychiatry.

doi: 10.1038/mp.2014.48.

57. Sarachana T, Hu VW (2013) Genome-wide identification of transcriptional

targets of RORA reveals direct regulation of multiple genes associated with

autism spectrum disorder. Mol Autism 4: 14.

58. Schaafsma SM, Pfaff DW (2014) Etiologies underlying sex differences in Autism

Spectrum Disorders. Front Neuroendocrinol. doi: 10.1016/j.yfrne.2014.03.006.

Sex Differences in Autism

PLOS ONE | www.plosone.org 10 July 2014 | Volume 9 | Issue 7 | e102251


