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biological disorder was the high rate of epilepsy found to 

affect approximately one third of autistic children. Twin 

studies have since shown autism to be among the most 

heritable of neuropsychiatric disorders, with estimates of 

60–90% (Bailey et al, 1995). 

Genetic contributions to autistic traits
An important aetiological question concerns whether the 

triad of impairments comprising autism are highly cor-

related (implying shared causation), or are independ-

ently heritable (implying distinct causes). Attempting to 

investigate this in people with autism spectrum disorder 

begs the question of how the core impairments are 

related, because all three impairments must be present to 

receive the diagnosis. Hence, a population-based study 

of 3000 twin pairs assessed between the ages of 7 and 

9 years was undertaken, which reported modest to low 

correlations between autistic-like behavioural traits in 

the three core areas of social impairment, communica-

tion difficulties and rigid and repetitive behaviours 

(Happe et al, 2006; Ronald et al, 2006). While each 

aspect of the triad is highly heritable, model-fitting 

analyses of cross-twin, cross-trait correlations indicate 

that more than half the genes that contribute to variation 

in one domain (e.g. social (dis)ability) are independent 

from those that contribute to variation in the other two 

domains (e.g. rigid and repetitive tendencies and com-

municative skills). Thus, separate genes contribute to 

social impairment, communicative difficulties and rigid 

and repetitive behaviour. 

This evidence of behavioural fractionation of social 

impairment, communication difficulties and rigid and 

repetitive behaviours means that autism spectrum dis-

orders are likely to be caused by abnormalities in mul-

tiple brain regions and networks, not single structures. 

A network perspective is central to current neuroimag-

ing research into autism spectrum disorders, which 

focuses on abnormalities in structure and/or function 

of specific brain regions as parts of networks. For exam-

ple, functional magnetic resonance imaging (fMRI) 

and positron emission tomography have been used to 

investigate differences between people with autism 

spectrum disorder and controls in the activity of dis-

tributed brain systems supporting a range of cognitive 

functions. 

Autism spectrum disorder (comprising the sub-

types of ‘typical’ autism, high functioning autism 

and Asperger’s syndrome) is characterized by a 

triad of pervasive developmental abnormalities in social 

communication, socio-emotional reciprocity, and 

restricted and repetitive interests, according to the 

International Classification of Diseases revision 10 diag-

nostic criteria (ICD-10; World Health Organization, 

1993) and Diagnostic and Statistical Manual of Mental 
Disorders (4th edn) (DSM-IV; American Psychiatric 

Association, 1994). 

Individuals with autism also have delayed language 

development, and many have a learning disability. 

Individuals with Asperger’s syndrome have no history of 

language delay and have normal or superior intellectual 

abilities, but also show the characteristic impairments of 

social communication, reciprocal social interaction, and 

restricted and repetitive interests. Around 50% of indi-

viduals with an autism spectrum disorder are in the 

normal IQ range (Baird et al, 2006). Autism spectrum 

disorders are four times more common in males, and this 

excess increases with IQ (Baird et al, 2006). The dispar-

ity between general intellectual ability and social under-

standing is particularly marked in high functioning 

individuals with autism or Asperger’s syndrome. However, 

the biological bases of abnormal social behaviour in 

autism are poorly understood.

Childhood autism was once considered rare, but stud-

ies have reported prevalence rates of 20–40 per 10 000 

for autism (Fombonne, 2003) and 1% for the broader 

phenotype (Baird et al, 2006). The causes of autism 

spectrum disorders are unknown, but most likely involve 

a complex interaction between genetic and environmen-

tal factors. It was believed as recently as the 1960s that 

cold ‘refrigerator’ type parenting was responsible for the 

behavioural characteristics associated with this syndrome 

(Kanner, 1949). An early indication that it was a neuro-
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Brain activity in autism spectrum disorders
Face and emotion processing has been a major focus of 

research. Hypoactivation of the so-called ‘face area’ in the 

right fusiform gyrus has repeatedly been reported in 

adults and young people with autism spectrum disorder 

when viewing faces (Schultz, 2005). A study of neural 

responses to four primary emotional expressions (fearful, 

happy, sad, disgusted) at high and low intensities indi-

cated that adult males with Asperger’s syndrome showed 

fusiform-extrastriate cortical activation to all expression 

types, but generally to a lesser degree than healthy con-

trols (Deeley et al, 2007). Relative hypoactivation of the 

fusiform gyrus in people with autism spectrum disorder 

may partly explain difficulties in recognizing and 

responding to the socio-emotional signals of others 

(Schultz, 2005). 

The ability to attribute mental states to others (theory 

of mind) is involved in many aspects of normal social 

interaction and is impaired in autistic individuals. fMRI 

studies suggest that mentalizing engages a network com-

prising: medial prefrontal cortex (supporting the repre-

sentation of triadic relations, e.g. I, you, it); the right 

temporo-parietal junction (associated with the attribu-

tion to others of contentful mental states such as beliefs); 

posterior superior temporal sulcus (detection of goal-

directed actions); and temporal poles (semantic knowl-

edge) (Frith and Frith, 2006; Saxe, 2006). Hypoactivation 

of components of this network has been reported in a 

succession of studies using a variety of mentalizing tasks 

in people with autism spectrum disorder relative to con-

trols (Happe et al, 1996; Baron-Cohen et al, 1999; 

Castelli et al, 2002).

The ‘mirror neuron system’ describes brain regions 

(such as inferior frontal gyrus and intraparietal sulcus) 

that are active during both the execution, and observa-

tion of actions (Iacoboni and Dapretto, 2006). It has 

been hypothesized that understanding the mental state 

of others is facilitated by rapid simulation of their actions 

or expressions via the mirror neuron system (Gallese and 

Goldman, 1998). For example, an fMRI study showed 

that activity in mirror neuron system (posterior inferior 

frontal gyrus, ventral premotor cortex, and rostral infe-

rior parietal lobule) during observation and imitation of 

facial expressions in typically developing 10-year-old 

children correlated with empathy and interpersonal 

competence (Pfeifer et al, 2008). 

Another fMRI study showed that compared to typi-

cally developing children, children with autism show 

reduced activity in frontal mirror neuron system (pars 

opercularis of inferior frontal gyrus), and this activity is 

inversely correlated with autism diagnostic observation 

schedule (ADOS) and autism diagnostic inventory 

revised (ADI-R) scores (Dapretto et al, 2006). An fMRI 

study in adolescent males with Asperger’s syndrome 

showed reduced mirror neuron system activity during 

imitation of finger movements relative to controls 

(Williams et al, 2006). Hence, there is evidence that mir-

ror neuron system activity is related to social compe-

tence, and that it is hypoactive in people with autism 

spectrum disorder.

Autism as a disorder of connectivity
In addition to evidence of hypoactivation of discrete 

components of networks supporting social cognition, 

there is also increasing evidence that autism spectrum 

disorders are characterized by ‘underconnectivity’ 

between components of networks. fMRI and positron 

emission tomography studies have been used to measure 

functional connectivity – the correlations between spa-

tially remote brain activity during task or stimulus 

processing  – to demonstrate underconnectivity across a 

range of neurocognitive networks in autism spectrum 

disorders. 

For example, people with autism spectrum disorder 

showed reduced functional connectivity between frontal 

and parietal areas when undertaking a test of executive 

function (the Tower of London task), in association with 

a smaller cross-sectional area of regions of corpus callo-

sum. There was also a correlation between the size of the 

genu of the corpus callosum with frontal-parietal func-

tional connectivity in autism spectrum disorder, but not 

controls (Just et al, 2007). 

Another study of executive function (inhibitory con-

trol) showed decreased activation and underconnectiv-

ity in inhibition networks (anterior cingulate gyrus, 

middle cingulate gyrus, and insula) and the right mid-

dle and inferior frontal and right inferior parietal 

regions (Kana et al, 2007). During a language task 

(sentence comprehension), people with autism spec-

trum disorder showed more activation than controls in 

Wernicke’s (left laterosuperior temporal) area, and less 

activation in Broca’s (left inferior frontal gyrus) area, 

plus reduced functional connectivity between the 

regions (Just et al, 2004). 

In a test of social cognition (viewing animations that 

elicit mentalizing), people with autism spectrum disor-

der showed reduced functional connectivity of the supe-

rior temporal sulcus and visual cortex relative to controls 

(Castelli et al, 2002). Further, underconnectivity appears 

to be present not only during goal-directed cognitive 

activity, but also at rest. For example, one study reported 

reduced functional connectivity in anterior-posterior 

connections of the resting state (default) network in 

people with autism spectrum disorder relative to controls 

(Cherkassky et al, 2006).

Further evidence of underconnectivity has been pro-

vided by other measures of brain activity. For example, a 

magnetoencephalography study demonstrated that the 

temporal progression of activation in the mirror neuron 

system is delayed in adults with Asperger’s syndrome, 

suggesting a deficit of connectivity between the inferior 

frontal gyrus and other mirror neuron system (Nishitani 

et al, 2004). Hence, there is increasing evidence from 

fMRI, positron emission tomography and other meas-
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ures of brain activity that people with autism spectrum 

disorder show underconnectivity in distributed brain 

networks supporting a wide range of cognitive functions 

(executive, language, and social), as well as at rest. 

Brain anatomy and connectivity
In addition to fMRI evidence of underconnectivity, 

structural MRI has provided evidence of widespread dif-

ferences in the anatomy and developmental trajectory of 

components of distributed brain systems in people with 

autism spectrum disorder relative to controls. The most 

consistent finding to date is the replication of Kanner’s 

original observation of increased brain volume (megalen-

cephaly) in autism and there is some evidence that this 

may be age dependent (Courchesne, 2002, 2004). 

Further, autism spectrum disorder is a developmental 

disorder, possibly characterized by grey and white matter 

overgrowth in very young children and reduced volumes 

in later childhood (Courchesne, 2002, 2004). It is also 

clear that in adulthood brain aging is significantly differ-

ent in people with autism spectrum disorder as com-

pared to controls (McAlonan et al, 2002). These devel-

opmental differences in brain anatomy may reflect 

abnormalities of brain growth associated with abnormal 

neuronal loss and synaptic pruning (Muller, 2007), pro-

viding a potential basis for the reduced functional con-

nectivity in distributed brain systems reported in fMRI 

studies. 

In addition to differences in volume of whole brain, 

however, some specific brain regions and networks are 

particularly implicated. For example, there is evidence of 

involvement of frontotemporal, frontolimbic, frontopa-

rietal and interhemispheric connections (Courchesne 

and Pierce, 2005; Minshew and Williams, 2007), accom-

panied by widespread abnormalities in white matter 

development (Herbert et al, 2004). It has also been 

hypothesized that people with autism spectrum disorder 

have local overconnectivity but reduced long range (glo-

bal) connectivity (Courchesne and Pierce, 2005). 

Further, it has been proposed that autism spectrum 

disorder may be ‘exponentially distributed’, meaning 

that early brain abnormalities in autism spectrum disor-

der increasingly affect additional regions and functional 

systems throughout development, partly as a conse-

quence of the cumulative impact of abnormal experi-

ences as a result of the core deficits (Muller, 2007). If 

correct, this suggests that differences in brain anatomy 

and function would become more severe as the brain 

matures into adulthood, underlining the importance of 

studying brain anatomy and function across the lifespan 

of people with autism spectrum disorder, as well as the 

normal population (Deeley et al, 2008).

Diffusion tensor magnetic resonance 
imaging
Grey matter regions that comprise the ‘nodes’ of neuro-

cognitive networks are connected by white matter tracts 

(Catani et al, 2002). Hence, abnormalities of the micro-

structural organization or integrity of white matter 

tracts may reduce the efficiency and speed of communi-

cation between nodes, so contributing to the patho-

physiology of underconnectivity in autism spectrum 

disorders. 

Diffusion tensor magnetic resonance imaging (DT-

MRI) can be used to examine the orientation and integ-

rity of white matter tracts. This is achieved by measuring 

the amount and direction of water diffusion, which can 

be isotropic (the same amount in every direction) or 

anisotropic. Diffusion of water molecules in white mat-

ter tends to be greater along the direction of white matter 

tracts and thus predominantly anisotropic, with the 

degree of anisotropy in particular tissues often being 

quantified through its fractional anisotropy value (Basser 

et al, 1994). The degree of anisotropy depends on a 

number of factors, such as myelination, fibre diameter 

and density. A lower fractional anisotropy may be indic-

ative of altered microstructural integrity or organization 

of the fibres (Basser, 1995).

Three-dimensional trajectories of specific white matter 

tracts in vivo can be explored with DT-MRI tractogra-

phy. For example, one study reported that adults with 

Asperger’s syndrome have significantly lower fractional 

anisotropy in the short intracerebellar fibres and right 

superior cerebellar (output) peduncle compared to con-

trols, but no difference in the input tracts (Catani et al, 

2008). These findings suggest a vulnerability of specific 

cerebellar neural pathways in people with Asperger’s 

syndrome. Also the localized abnormalities in the main 

cerebellar outflow pathway may reduce cerebellar feed-

back inputs to the cerebral cortex, which are necessary 

for adaptive social behaviour. However, whole brain 

multivoxel techniques are required to investigate large-

scale anatomical connectivity of brain systems implicated 

in autism spectrum disorder. 

A previous whole brain DT-MRI study included 

seven children with autism and nine controls (Barnea-

Goraly et al, 2004). They reported that the children 

with autism had a significant reduction in fractional 

anisotropy of white matter adjacent to the ventrome-

dial prefrontal cortices, anterior cingulate gyri, tempo-

roparietal junctions, and in the corpus callosum. 

Subsequently, others investigated mixed samples of 

children and adults with autism. They reported that 

people with autism have a significant reduction in frac-

tional anisotropy of areas within (or near) the corpus 

callosum (Alexander et al, 2007; Keller et al, 2007), 

right external capsule (Keller et al, 2007) and the supe-

rior temporal gyrus and temporal stem (Lee et al, 

2007). Hence, there is evidence of widespread reduc-

tion in the microstructural integrity of white matter 

tracts in autism spectrum disorder. 

Future studies will relate measures of fractional ani-

sotropy to functional connectivity to determine to what 

extent underconnectivity across neurocognitive net-
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works in people with autism spectrum disorder is 

explained by reduced microstructural integrity of white 

matter tracts. 

Proton magnetic resonance spectroscopy
Proton magnetic resonance spectroscopy can be used to 

measure concentrations and ratios of N-acetylaspartate, 

creatine and phosphocreatine, and choline, which act as 

indicators of neuronal density and mitochondrial metab-

olism, phosphate metabolism and membrane turnover. 

Proton magnetic resonance spectroscopy has shown that 

people with autism spectrum disorder have significant 

abnormalities in prefrontal lobe neuronal integrity, and 

that this is related to severity of clinical symptoms 

(Murphy et al, 2002). Moreover, there is preliminary 

evidence that people with autism spectrum disorder have 

an abnormal amygdala glutamate metabolism (Page et al, 

2006). These results suggest regional differences in neu-

rodevelopment (programmed cell death) may underlie a 

proportion of the symptoms typical of the disorder, and 

that some symptoms of autism may be partially explained 

by differences in glutamate.

The role of 5-hydroxytryptamine 
5-hydroxytryptamine (5-HT) is potentially important in 

autism spectrum disorder because 5-HT acts as a troph-

ic or differentiation factor during brain development, 

and helps modulate social and repetitive behaviours 

(Chugani, 2004). There is also growing evidence that 

some symptoms in people with autism spectrum disor-

der may benefit from medications (e.g. selective serot-

onin-reuptake inhibitors and atypical antipsychotics) 

that affect the 5-HT system. Initial positron emission 

tomography studies suggest that neural serotonin syn-

thesis differs between children with autism spectrum 

disorder and controls (Chugani, 2004). Also, people 

with autism spectrum disorder are significantly different 

to controls in brain 5-HT-2A receptor density (Murphy 

et al, 2006). Future studies will use fMRI and methods 

of altering brain levels of 5-HT (such as tryptophan 

depletion) to investigate the modulatory effects of 5-HT 

in social cognitive function in autism spectrum disorder, 

and the normal population.

Conclusions
Evidence of behavioural fractionation of social impair-

ment, communication difficulties and rigid and repetitive 

behaviours suggest that autism spectrum disorders are 

likely to be caused by abnormalities in multiple brain 

regions and networks, not single structures. Hence, cur-

rent brain imaging studies of autism spectrum disorders 

focus on relationships between abnormalities in structure 

and function of specific brain regions as parts of networks 

(e.g. subserving executive function, social cognition, and 

language processing). 

In keeping with this approach, there is increasing evi-

dence from a range of neuroimaging methods that autism 

spectrum disorder is a disorder of underconnectivity 

between nodes in neurocognitive networks. For example, 

reduced functional connectivity across a wide range of 

tasks, and at rest, has been demonstrated in people with 

autism spectrum disorder compared to controls. Also, 

there are widespread differences in structure and develop-

mental trajectory in both grey and white matter regions 

in people with autism spectrum disorder relative to con-

trols. In addition, DTI investigations have revealed 

reduced microstructual integrity of white matter tracts in 

people with autism spectrum disorder, providing a poten-

tial pathophysiological basis for reduced functional con-

nectivity. Findings from proton magnetic resonance 

spectroscopy suggest regional differences in neurodevel-

opment (programmed cell death), which may relate to 

abnormalities of grey and white matter in autism spec-

trum disorder (Murphy et al, 2002). 

KEY POINTS
n Autism spectrum disorders are likely to be caused by abnormalities in multiple brain regions and networks, not single structures.

n Autism spectrum disorders are characterized by underconnectivity between components of networks subserving a variety of functions 
(e.g. executive function, facial emotion processing, theory of mind, and language processing).

n Structural brain imaging has revealed widespread differences in structure and developmental trajectory in both grey and white matter 
regions in people with autism spectrum disorder relative to controls. 

n Diffusion tensor imaging investigations show reduced microstructural integrity of white matter tracts in people with autism spectrum 
disorder, providing a potential pathophysiological basis for reduced functional connectivity.

n Findings from proton magnetic resonance spectroscopy suggest regional differences in neurodevelopment (programmed cell death), 
which may relate to abnormalities of grey and white matter in autism spectrum disorders.

n Future research will focus on improved understanding of genetic and environmental determinants of brain structure and function in 
typical and atypical development; the relation between brain function and structure at both macro and micro levels; and relations 
between brain, cognition, symptomatology and behaviour. 
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The past decade has provided enormous advances in 

understanding the neurobiological basis of autism. 

However, more work is required (in large well-described 

samples) to investigate the genetic and environmental 

determinants of neurobiological differences in brain 

systems. This will involve improved understanding of 

the relation between brain function and structure at 

both macro and micro levels, and also of relations 

between the brain, cognition, symptomatology and 

behaviour. BJHM

Conflict of interest: none. 

Alexander AL, Lee JE, Lazar M et al (2007) Diffusion tensor 
imaging of the corpus callosum in Autism. Neuroimage 34(1): 
61–73

American Psychiatric Association (1994) Diagnostic and Statistical 
Manual of Mental Disorders. 4th edn. American Psychiatric 
Association, Washington (DC)

Bailey A, Le Couteur A, Gottesman I et al (1995) Autism as a strongly 
genetic disorder: evidence from a British twin study. Psychol Med 
25(1): 63–77

Baird G, Simonoff E, Pickles A et al (2006) Prevalence of disorders of 
the autism spectrum in a population cohort of children in South 
Thames: the Special Needs and Autism Project (SNAP). Lancet 
368(9531): 210–15

Barnea-Goraly N, Kwon N, Menon V et al (2004) White matter 
structure in autism: preliminary evidence from diffusion tensor 
imaging. Biol Psychiatry 55(3): 323–6

Baron-Cohen S, Ring HA, Wheelwright S et al (1999) Social 
intelligence in the normal and autistic brain: an fMRI study. Eur J 
Neurosci 11(6): 1891–8

Basser PJ (1995) Inferring microstructural features and the 
physiological state of tissues from diffusion-weighted images. NMR 
Biomed 8(7–8): 333–44

Basser PJ, Mattiello J, Lebihan D (1994) MR diffusion tensor 
spectroscopy and imaging. Biophysical J 66(1): 259–67

Castelli F, Frith C, Happe F, Frith U (2002) Autism, Asperger 
syndrome and brain mechanisms for the attribution of mental 
states to animated shapes. Brain 125(Pt 8): 1839–49

Catani M, Howard RJ, Pajevic S, Jones DK (2002) Virtual in vivo 
interactive dissection of white matter fasciculi in the human brain. 
Neuroimage 17(1): 77–94

Catani M, Jones DK, Daly E et al (2008) Altered cerebellar 
feedback projections in Asperger syndrome. Neuroimage 41(4): 
1184–91

Cherkassky VL, Kana RK, Keller TA, Just MA (2006) Functional 
connectivity in a baseline resting-state network in autism. 
Neuroreport 17(16): 1687–90

Chugani DC (2004) Serotonin in autism and pediatric epilepsies. 
Ment Retard Dev Disabil Res Rev 10(2): 112–16

Courchesne E (2002) Abnormal early brain development in autism. 
Mol Psychiatry 7(Suppl 2): S21–3

Courchesne E (2004) Brain development in autism: early overgrowth 
followed by premature arrest of growth. Ment Retard Dev Disabil 
Res Rev 10(2): 106–11

Courchesne E, Pierce K (2005) Why the frontal cortex in autism 
might be talking only to itself: local over-connectivity but long-
distance disconnection. Curr Opin Neurobiol 15(2): 225–30

Dapretto M, Davies MS, Pfeifer JH et al (2006) Understanding 
emotions in others: mirror neuron dysfunction in children with 
autism spectrum disorders. Nat Neurosci 9(1): 28–30

Deeley Q, Daly EM, Surguladze S et al (2007) An event related 
functional magnetic resonance imaging study of facial emotion 
processing in Asperger syndrome. Biol Psychiatry 62(3): 207–17

Deeley Q, Daly EM, Azuma R et al (2008) Changes in male brain 
responses to emotional faces from adolescence to middle age. 
Neuroimage 40(1): 389–97

Fombonne E (2003) Epidemiological surveys of autism and other 
pervasive developmental disorders: an update. J Autism 

Developmental Disord 33(4): 365–82
Frith CD, Frith U (2006) The neural basis of mentalizing. Neuron 

50(4): 531–4
Gallese V, Goldman A (1998) Mirror neurons and the simulation 

theory of mind-reading. Trends Cogn Sci 2(12): 493–501
Happe F, Ehlers S, Fletcher P et al (1996) ‘Theory of mind’ in the 

brain. Evidence from a PET scan study of Asperger syndrome. 
Neuroreport 8(1): 197–201

Happe F, Ronald A, Plomin R (2006) Time to give up on a single 
explanation for autism. Nat Neurosci 9(10): 1218–20

Herbert MR, Ziegler DA, Makris N et al (2004) Localization of white 
matter volume increase in autism and developmental language 
disorder. Ann Neurol 55(4): 530–40

Iacoboni M, Dapretto M (2006) The mirror neuron system and the 
consequences of its dysfunction. Nat Rev Neurosci 7(12): 942–51

Just MA, Cherkassky VL, Keller TA, Minshew NJ (2004) Cortical 
activation and synchronization during sentence comprehension in 
high-functioning autism: evidence of underconnectivity. Brain 
127(Pt 8): 1811–21

Just MA, Cherkassky VL, Keller TA, Kana RK, Minshew NJ (2007) 
Functional and anatomical cortical underconnectivity in autism: 
evidence from an FMRI study of an executive function task and 
corpus callosum morphometry. Cereb Cortex 17(4): 951–61

Kana RK, Keller TA, Minshew NJ, Just MA (2007) Inhibitory control 
in high-functioning autism: decreased activation and 
underconnectivity in inhibition networks. Biol Psychiatry 62(3): 
198–206

Kanner L (1949) Problems of nosology and psychodynamics of early 
infantile autism. Am J Orthopsychiatry 19(3): 416–26

Keller TA, Kana RK, Just MA (2007) A developmental study of the 
structural integrity of white matter in autism. Neuroreport 18(1): 
23–7

Lee JE, Bigler ED, Alexander AL et al (2007) Diffusion tensor 
imaging of white matter in the superior temporal gyrus and 
temporal stem in autism. Neurosci Lett 424(2): 127–32

McAlonan GM, Daly E, Kumari V et al (2002) Brain anatomy and 
sensorimotor gating in Asperger’s syndrome. Brain 125(Pt 7): 
1594–606

Minshew NJ, Williams DL (2007) The new neurobiology of autism: 
cortex, connectivity, and neuronal organization. Arch Neurol 
64(7): 945–50 [erratum appears in Arch Neurol 2007 
64(10):1464] 

Muller R-A (2007) The study of Autism as a distributed disorder. 
Ment Retard Dev Disabil Res Rev 13(1): 85–95

Murphy DG, Critchley HD, Schmitz N et al (2002) Asperger 
syndrome: a proton magnetic resonance spectroscopy study of 
brain. Arch Gen Psychiatry 59(10): 885–91

Murphy DG, Daly E, Schmitz N et al (2006) Cortical serotonin 5-
HT2A receptor binding and social communication in adults with 
Asperger’s syndrome: an in vivo SPECT study. Am J Psych 163(5): 
934–6

Nishitani N, Avikainen S, Hari R (2004) Abnormal imitation-related 
cortical activation sequences in Asperger’s syndrome. Ann Neurol 
55(4): 558–62

Page LA, Daly E, Schmitz N et al (2006) In vivo 1H-magnetic 
resonance spectroscopy study of amygdala-hippocampal and 
parietal regions in autism. Am J Psych 163(12): 2189–92

Pfeifer JH, Iacoboni M, Mazziotta JC, Dapretto M (2008) Mirroring 
others’ emotions relates to empathy and interpersonal competence 
in children. Neuroimage 39(4): 2076–85

Ronald A, Happe F, Price TS, Baron-Cohen S, Plomin R (2006) 
Phenotypic and genetic overlap between autistic traits at the 
extremes of the general population. J Am Acad Child Adolesc 
Psychiatry 45(10): 1206–14

Saxe R (2006) Uniquely human social cognition. Curr Opin Neurobiol 
16(2): 235–9

Schultz RT (2005) Developmental deficits in social perception in 
autism: The role of the amygdala and fusiform face area. Int J Dev 
Neurosci 23(2–3): 125–41

Williams JH, Waiter GD, Gilchrist A, Perrett DI, Murray AD, 
Whiten A (2006) Neural mechanisms of imitation and ‘mirror 
neuron’ functioning in autistic spectrum disorder. Neuropsychologia 
44(4): 610–21

World Health Organization (1993) The ICD-10 Classification of 
Mental and Behavioural Disorders Diagnostic criteria for research. 
World Health Organization, Geneva


