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Autism Spectrum Conditions

• Social and communication difficulties
• narrow interests/obsessions/routines

• Classic autism: 4:1 (male:female)• Classic autism: 4:1 (male:female)
• Asperger Syndrome: 9:1

• The two subgroups differ in terms of co-morbid learning 
difficulties and language delay

• 1% of the population



The ‘Extreme Male Brain’ theory 
(Baron-Cohen, 2003)

• A specific dimension of Empathising-Systemising theory 
that accounts for autism

• Individuals with autism spectrum conditions are poor • Individuals with autism spectrum conditions are poor 
empathisers and good systemisers to the extreme

• In the model of normal sex differences, and empathising-
systemising abilities, individuals with autism spectrum 
conditions have an ‘extreme male brain’



Plotting individuals by brain-type

Int. J. Clin Neuropsych (2006)



“Extreme maleness” & autism – any 
links?

• Striking ratio of males to females among those 
with the condition

• Cognitive studies of autism:• Cognitive studies of autism:
– superior to controls on tasks that give rise to male 

superiority, e.g. the Embedded Figures Task (Jolliffe & 
Baron- Cohen, 1997)

– impaired on tasks that give rise to female superiority, 
e.g. the Reading the Mind in the Eyes Task (Baron-
Cohen, 1997)



Candidate mechanisms?

• In conditions where a sex bias occurs, information about the 
origin of the sex bias is essential in understanding the cause

• One candidate mechanism for this association of autism and 
being male is the action of prenatal male sex hormones

• This idea that autism might be linked to foetal testosterone (fT) 
was also part of the Geschwind Hypothesis



Foetal testosterone and development

• From the earliest stages of prenatal life, gonadal hormones 
guide sexual differentiation of the body and brain 
(Abramovich, 1974, Dorner, 1978)

• Both sexes exposed to androgens and oestrogens, but • Both sexes exposed to androgens and oestrogens, but 
overall production and the number of receptors for each 
differ (Kucinskas & Just, 2005)

• Results in different hormonal environments between male 
and female foetuses (Smail et al., 1981), which drives 
subsequent sexual differentiation (MacLusky & Naftolin, 
1981)



Foetal testosterone and normal sex 
differences

• Beyond physical sexual differentiation, there are 
also sex differences in behaviour and cognition 
(Collaer & Hines, 1995; Kimura, 1996)(Collaer & Hines, 1995; Kimura, 1996)

• These differences are likely to reflect differences 
in brain structure and function



Males > Females
– INAH (interstitial nuclei of 
the anterior hypothalamus)
– Amygdala
– Planum parietale

Sex differences in the human brain

– Planum parietale
– Planum temporale

Females > Males 
– BST (bed nucleus of the 
stria terminalis, hypothalamus)
– Corpus callosum
– Anterior commissure From Hines, 2003



Foetal testosterone and brain 
development

• Crosses blood brain barrier

• Binds to androgen receptors in 
cytoplasm, modulates serotonin and 
GABA, and prevents apoptosisGABA, and prevents apoptosis

• Foetal testosterone (fT) has been shown 
to affect the anatomy of specific brain 
areas (Geschwind & Galaburda, 1985)

• All of these regions express androgen 
receptors and are functionally involved 
in sexually dimorphic behaviours 
(Arnold & Gorski, 1984; Breedlove, 
1984)



Testosterone prenatally?

• Three main observations about autism consistent very early 
neurobiological events:

1. Autism is by definition a developmental disorder, whose 
onset is invariably before 3 years of age   onset is invariably before 3 years of age   

2. Abnormalities in social interest can be observed even in 
the first few months of life (Lord, 1995)

3. Existence of a sex bias (M>F) is consistent with other 
neurodevelopmental disorders



Foetal testosterone & autism
• Individuals with CAH show more autistic traits as 

measured by the Autism Quotient (Knickmeyer et al., 
2006)

• Levels of fT are positively correlated with repetitive and • Levels of fT are positively correlated with repetitive and 
restricted interests in children (Knickmeyer et al., 2005) 

• The ratio of the lengths of the 2nd and 4th digit (2D:4D) is 
negatively correlated with fT (Lutchmaya et al., 2004) -
individuals with autism have lower 2D:4D ratios than 
people without ASCs (Manning et al., 2001)



Investigating the effects of fT

• In animals hormone levels have been 
manipulated to observe the effect of fT (Goy, 
Bercovitch & Mc Brair, 1988) 

• In humans it would completely unethical to • In humans it would completely unethical to 
manipulate hormone levels during pregnancy

• Non-invasive techniques are therefore sought:
– Opposite sex twin study (Cohen-

Bendahan et al., 2005); 
– Girls with CAH (Berenbaum & Resnick, 

1997)



The Cambridge Child Development 
Project

• Takes advantage of routine amniocentesis to measure fT 
during pregnancy

• The children have been followed up at since birth to test if • The children have been followed up at since birth to test if 
fT influences later behaviour

• The children have so far been tested at:
– 12 months old
– 24 months old
– 4 years old
– 7-10 years old



Central hypotheses

• If abnormal levels of foetal testosterone (fT) are implicated in 
abnormal social development, do normalvariations in fT relate to 
normal variations in behavioural and brain measures of social 
development in children?

• Our hypothesis is yes, they do; even within normal ranges of fT, the 
level of testosterone a foetus is exposed to will modulate:
i. performance on measures of social and emotional development 

from birth (the higher the level of foetal testosterone, the poorer 
the outcome). 

ii. brain structure, connectivity and activity in associated neural 
regions. 



12 months old

• At 12 months old, it was found 
that girls exhibited significantly 
higher levels of eye contact than 
boys
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• The amount of eye contact was 
also inversely correlated with 
foetal testosterone femalemale
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Lutchmaya et al., 2002a. Infant Behaviour & Development



24 months old

• At 24 months old, it was found 
that girls had a larger 
vocabulary range than boys
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• There was a significant 
negative correlation between 
fT and vocabulary level

SEX 

female male 
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Lutchmaya et al., 2002b. Infant Behaviour & Development



4 years of age

• Children were given the Children’s Communication 
Checklist

• It was found that fT was inversely correlated with quality 
of social relationships, and positively correlated with 
narrow interests (Knickmeyer et., 2005)narrow interests (Knickmeyer et., 2005)

• They were also given the test of mentalising developed by 
Castelli et al. (2000)

• fT was found to be inversely correlated with the use of 
intentional language (Knickmeyer et al., 2006)



Castelli et al., 2000



The Empathy Quotient (EQ-C)

• 28 questions with the following responses: ‘definitely agree’, ‘slightly 
agree’, ‘slightly disagree’, ‘definitely disagree’

• Score 0, 1 or 2

• Based on parental report of the primary caregiver

• Sample questions include:

1.   My child is quick to notice when people are joking.

2.   My child is often rude or impolite without realising it.



Results of the EQ-C

� 190 children; 99 boys, 91 girls

� Significant difference between boys 
and girls average scores (32/50 vs. 39/50)

� Significant negative correlation between 
FT and total score for both sexes 
combined; r = -0.28, p < 0.01, and for the 
boys, r = -0.35, p < 0.01

� Using stepwise regression analysis, 
only sex remained a significant predictor 
in the final model; F change = 87, � = -
0.63, p = 0.001

Chapman et al., 2006. Social Neuroscience



‘Reading the Mind in the Eyes’ (RMIE-C)

• 28 pictures of the eye region of the face
• Presented on a computer screen
• Must choose one of four words, that best describe how the person in 

the picture is thinking or feeling



Results of the RMIE-C

� 78 children; 40 boys & 38 girls

� All had taken part in the EQ-C

� No significant difference between boys and 
girls average scores (15.23 vs. 16.29)girls average scores (15.23 vs. 16.29)

� Significant negative correlation between FT 
and total score for both sexes combined; r = -
0.43, p < 0.01, and individually; boys, r = -0.42, 
p < 0.01; girls, r = -0.29, p < 0.05

� Regression analysis shows that fT is the only 
significant predictor of RMIE-C score, F
change = 183, � = -0.68, p = 0.001

Chapman et al., 2006. Social Neuroscience



Emotion recognition
• Each child viewed 84 pictures of faces presented in a greyscale printed 
booklet. The faces comprised equal numbers of 7 emotions: neutral, happy, 
sad, angry, frightened, disgusted and surprised

• Faces were taken from the Karolinska Directed Emotional Faces (KDEF) 
system

• The children were asked to choose what emotion each face depicted from 
the 7 choices 

Neutral Sad Happy



Results of the emotion recognition task

� No significant difference between boys’ and 
girls’ overall emotion recognition scores 

� Significant negative correlation between FT 
and total score for both sexes combined (r = -
0.40, p<0.01), and the boys (r = -0.37, p<0.01)

� Only FT remained as a predictor in the 
regression analysis; F change = 8.27, ß = -0.85, 
p = 0.001

� Performance on recognition of neutral faces 
correlated with FT for both boys (r = -0.31, 
p<0.01) and girls (r = -0.27, p <0.01) 

� Recognition of disgust faces also correlated 
with FT for the boys (r = -0.37, p<0.05)



Emotional memory

• Each child viewed faces taken from the same set as in task 3

• Half the faces were taken from the emotion recognition task, and half 
were different faces from the KDEF, to give 42 ‘original’ & 42 ‘foil’ 
faces, with equal weighting of emotion and gender

• Each child had to say whether the face was one they’d seen before or 
not; they then had to rate their response on a confidence scale of 1-3, 
where 1 was ‘unsure’ and 3 was ‘definitely sure’

• This task took place 2 hours after the emotion recognition experiment 
and without prior warning



Results of the emotional memory task

� No significant difference between boys’ and girls’ 
overall emotional memory scores

� Significant negative correlation between FT and total 
score (r = -0.55, p <0.01). This was similarly the 
case for both boys (r = -0.54, p <0.01) and girls (r = 
-0.37, p <0.01)

� Only FT remained as a predictor upon regression 
analysis; F change = 5.96, ß = 0.45, p = 0.001

� Significant negative correlations between FT and 
correct recall of specific emotions:

Boys                            Girls
Fear                   r = -0.54,p<0.01          r = -0.41, p<0.01 
Disgust              r = -0.43,p<0.01          r = -0.28, p<0.05 
Angry r = -0.41, p<0.05          r = -0.31, p<0.05 
Sad r = -0.33, p<0.01          r = -0.38, p<0.05 
Surprise             r = -0.37, p<0.01          NS



Eyegaze detection
• The faces had eyes that were either direct or averted in gaze. In the averted case, 
there were different degrees of deviation: 1, 3, 5, 9 or 15, to both the left and the 
right

• The stimuli comprised 5 male and 5 female faces, each shown at all possible gaze 
conditions and repeated twice, to give a total of 220 trials

• The child had to decide if the person they saw was looking directly ator away
from them

Direct 1° 15°



Results of the eyegaze detection task

� No significant difference between boys’ and girls’ 
accuracy to detect direct vs averted gaze conditions.

� No correlation between FT and accuracy of 
performance on direct vs. all averted gaze conditions.

� Significant negative correlations between FT and 
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� Significant negative correlations between FT and 
accuracy of performance on the smallest deviations of 
gaze for both boys and girls:

Deviation        Boys                       Girls
1° r = -0.51, p<0.01    r = -0.34, p<0.01 
3° r = -0.39, p<0.01    r = -0.27, p<0.05 

� Only FT remained as a predictor of performance upon 
regression analysis
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The Child AQ 
(Autism Spectrum Quotient)

• My child prefers to do things with others rather 
than on his/her own. 

• My child prefers to do things the same way over 
and over again. 

• My child frequently gets so strongly absorbed in 
one thing that s/he loses sight of other things.



FT and autistic traits (AQ)FT and autistic traits (AQ)
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Auyeung et al, 2007. Submitted.



Bridging brain and behaviour

• 40 boys from our cohort underwent MRI scans at the Wolfson Brain 
Imaging Centre in Cambridge

• Structural scans: overall gross anatomy and size of white and grey 
matter regions

• Functional scans: brain activity during two different versions of tasks 
run previously at the behavioural level



Bridging brain and behaviour
• Structure: 

– fT shows a significant and positive correlation with rightward growth of the corpus 
callosum   

• Function:
– Emotion faces: significant negative correlation between – Emotion faces: significant negative correlation between 

fT level and activity of the right amygdala during the
viewing of fear and happy faces

– Eyegaze perception: significantly and negatively correlated 
with activity of the right amygdala and right superior 
temporal sulcus during perception of gaze



Conclusions
• The findings lend evidence to the argument that prenatal biology influences 

postnatal social behaviour

• Sex differences in behaviour likely reflect sex differences in the brain

• Although it is inevitably modified by social experience and other cultural 
factors during childhood

• From 12 months to 10 years old, a variety of empathising skills have been 
measured, which depend on different and specific areas of the brain

• Those regions of the brain have been shown to be functionally and 
structurally sexually dimorphic in previous studies and are influenced by 
fT

• The results have implications for our understanding of neurodevelopmental 
conditions such as autism; an extreme version of the male brain



Further considerations

• No sex differences were found in many of the tasks used here. This 
may be because the average effect size for fT levels between boys and 
girls was small (Cohen’s d = 1.3), compared to other studies (Cohen’s 
d = 2.7)
– In the EQ, there was an effect size of 1.85 for fT, where a sex difference 

was foundwas found

• Why such specific results on the emotion recognition and emotional 
memory tasks?
– How would someone with autism do on the emotional memory task?

• What will the influence of puberty be on subsequent social 
development?
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