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CDC 2014: The link with sex 
 1/48 males  

 
1/189 females 
 
4:1 (m:f) 
 
 
14.7 per 1,000  
 
(1 in 68) 
 
 
http://1.usa.gov/1lpdaDn 
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% 

sarcastic stern 

suspicious dispirited 

Autism male   178 
Autism fem   217 
Control male  152 
Control fem   168 
 
 

sarcastic stern 

suspicious 
JCPP 1997 

dispirited 

Left inferior  
frontal  
gyrus	



JCPP, 2001;  
Brain and  
Cognition,  
2006; 
 
Euro J Neurosci,  
1999 

Systemizing Mechanics 

Males  Females 
28.0   16.2 
(10.9)  (9.3) 
 
 

AS  Controls    
16.3     10.3 
(3.1)      (2.8) 
 
 

Lawson et al, 2004 
BC et al, 2001 
 

JCN, 1997	



Attention to detail 

Females  Males  AS 
 
66.7  46.2  32.2 
(36.7)  (20.5)  (27.0) 
	



Females>Males

Baron-Cohen et al., 
2006, Brain Cogn

Ring et al., 
1999, Brain

Manjaly et al., 
2007, Neuroimage

Lee et al., 2007, 
Neuroimage

Controls>ASC

Posterior  
parietal cortex	


	



Brain and Cogn 2006; 
Manjaly et al  
Neuroimage 2007 



811 cases & 3,906 controls:   Autism Spectrum Quotient (AQ) 
BC et al 2014 PLOS One The Empathy Quotient (EQ) 

The Systemizing Quotient (SQ) Brain  
volume  

Planum Temporale   Corpus   Amygdala 
(Heschl’s Gyrus/   Callosum 
Wernicke’s) 
 
F > M > Aut   F > M > Aut    Aut > M >F 
 
 
Rojas et al,   Frazier and Hardan 2009  Schumann et al 
2002, 2005   Biol Psychiatry    2004, 2009 
Neurosci Letters      J Neurosci 
Neuroimage       Biol Psychiatry 

        
 
 

 

Fetal Testosterone: Organizational effects 
(Geschwind & Galaburda, 1985, Arch Neurol) 
	





Amniocentesis and the  
‘masculinization programming window’ 

12-19 weeks in pregnancy (n = 619) 

 

 male    female       female +T 

OC = optic chiasm;   SCN = suprachiasmatic nucleus;  
V    = third ventricle  
 
Pfaff  (1966) J. Endocrinol. 36, 415–416.  
Gorski et al (1978) Brain Res. 148, 333–346 
Lund et al (2000) Dev Brain Research. 120, 261-266. 
Rhees et al (1990) J. Neurobiol. 21, 781-786. 
 

Rheese et al (1990) J. Neurobiol. 21, 781-786. 
 

Apoptosis in  
the medial  
SDN POA 
 
Male rats castrated  
at birth 
 
Green = T (500 µg) 
Beige  = oil  
on day 5 
 
 
Davis et al (1996) 
Brain Res, 734:10–18. 
 
 
 

Autism: reduced pruning 

Autism	

 Typical	



	


	


	


Tang et al 2014	


 Neuron	


	


Spines = location of 	


synapses	





 

Feeling sorry 

interested 

bored 

joking 
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Fetal Testosterone 

Chapman 
et al, 2006 
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Fetal Testosterone 
Auyeung et al (2012) 
Archives of Sex Behav 

Fem    Males      AS 
	


66.7    46.2        32.2 
(36.7)    (20.5)      (27.0) 
	


	



Auyeung et al,  
2009 BJP 

Autistic  
traits 

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

the same way over and over again.  
 

C
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Fetal Testosterone  

Empathy (EQ) and 
Systemizing Quotients (SQ)  
at 8 yrs 

Chapman et al (2006) Social Neurosci 
Auyeung et  al (2006) Euro J Endocrinol  
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 Amniotic Steroids: autism  
 

The Cambridge-Denmark Study 

Singletons	
  born	
  1993-­‐99	
  	
  
(n=19,677)	
  

Controls	
  
(n=219)	
  



    progesterone 
 
    17α-hydroxy                         
   progesterone 
 
  androstenedione 
 
     testosterone 

Δ4-sex steroid pathway 
 

CYP17 and HSD17B2 
mediated 
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Females with autism 

•  hirsutism, irregular menstrual cycle, 
•  delayed menarche, severe acne 

•  Polycystic Ovary Syndrome (PCOS) 
 
•  tomboyism, 2D:4D ratio 
 
(Knickmeyer et al 2006; Ingudomnukul et al, 2007; Manning et 
al, 2001; Swettenham et al 2006; Noipayak, 2009; Lai et al, 
2013; Pohl et al, 2014) 

Females with autism: VBM  
Spatial overlap with sexual dimorphism �

Brain, 2013 

Conclusions 
•  Autism may be an extreme of typical male 

development, in highly specific ways 
 
•  Fetal steroids are associated with specific aspects 

of typical sexual dimorphism, are elevated in autism, 
and may be important in the aetiology of autism 

•  Need to study females with autism next, as well as 
other male-biased neurodevelopmental conditions 
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