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the psychotic spectrum, yet the more trait-like negative symptoms
are largely ignored.

The process of hyper-mentalizing, which results in increased
suspiciousness, is best related to one component of positive symp-
toms, namely, paranoia and persecutory delusions. Although it is a
theoretically reasonable argument that hyper-mentalizing is
related to paranoid delusions, it is difficult to make the same argu-
ment for the negative symptoms. Thus the borders of C&B’s autis-
tic-psychotic continuum must be redrawn.

It is possible to constrain C&B’s theory to address the positive
rather than negative symptoms, but empirical data pose further
complications. Here we focus on one aspect of social cognition,
theory of mind (ToM), which is the ability to attribute mental
states to oneself and others, and we consider the nature of ToM
deficits in schizophrenia and the relationship between these defi-
cits and clinical symptoms. An abundance of empirical evidence
points to mentalizing deficits in both PSD (i.e., schizophrenia,
schizotypy) and ASD. C&B propose that the underlying deficit
determining impaired social cognition in autism is an inability to
theorize about the mental states of others (hypo-mentalizing).
Indeed, evidence for ToM deficits in autism is robust (Baron-
Cohen 1995). In the case of schizophrenia, there is also good evi-
dence for the presence of ToM deficit (for review, see Briine
2005), but very little evidence exists for the hypothesis that schizo-
phrenia involves hyper-mentalizing about the mental states of
others. Moreover, ToM deficits in schizophrenia may stem from
executive or planning deficits (Hardy-Baylé 1994) or an inability
to integrate contextual information (Hardy-Baylé et al. 2003).
Thus, both ASD and PSD involve impaired social cognition, but
the reasons for these deficits may not lie on the same continuum
of mentalizing ability.

With respect to the positive symptoms, persecutory delu-
sions may arise when individuals mislabel actions of others
(Frith 1992), and therefore one may expect a correlation
between persecutory delusions and ToM deficits. However,
evidence for this relationship is inconclusive at best, in contrast
to the more consistent evidence of a relationship between nega-
tive symptoms and ToM deficits (Freeman 2007). C&B point
out that psychotic symptoms are not just present in schizo-
phrenia, but also present in other conditions, including
depressive psychosis, bipolar disorder, posttraumatic stress dis-
order (PTSD), paranoid personality disorder, dementia, and
epilepsy. Persecutory delusions are one of the most common
features of psychosis, occurring in almost 50% of cases (Sartor-
ius et al. 1986). If paranoid ideation and persecutory delusions
are the components of psychosis most directly linked to hyper-
mentalizing, then there should be an association between these
experiences and ToM deficits. However, Walston et al. (2000)
found no evidence for ToM deficits in participants with pure
persecutory delusions.

Furthermore, C&B argue that non-pathological points on the
psychosis spectrum are most useful in evaluating their hypo-
thesis. However, even in healthy schizotypal individuals, those
who score high on psychometric measures of schizotypal person-
ality, ToM deficits were related to the negative syndrome and not
with the positive syndrome (Langdon & Coltheart 1999). With
respect to the non-pathological individuals on the spectrum,
there is an additional complication. Machiavellian intelligence,
that is, social intelligence used as a means of social manipulation
in order to attain goals, can improve social cognitive functioning
when applied appropriately in context. Therefore, controlled and
intentional hyper-mentalizing, even if extreme, should correlate
with enhanced ToM and effective social behavior. In other
words, is there room for Sherlock Holmes in C&B’s spectrum?

Moreover, whether mentalizing impairments in PSD are state
or trait features is still inconclusive. Although, generally, the data
lend more support to a trait hypothesis, it is impossible to
confirm without longitudinal studies (Harrington et al. 2005b).
This is perhaps further evidence for the importance of negative
symptoms for ToM deficits in schizophrenia, given that negative
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symptoms are a more stable feature of the illness than positive
symptoms, which vary over the course of the illness and with
treatment.

To conclude, we believe there is not a strong enough empirical
platform to assert impaired mentalizing, and especially hyper-
mentalizing, as a phenotypic marker of PSD, which C&B’s sub-
sequent genetic imprinting theory requires. Evidence regarding
mentalizing deficits being a state or trait marker of PSD is mixed,
and it is equally unclear whether impaired task performance in
PSD is caused by deficits in mentalizing or other cognitive pro-
blems. We argue that autism and schizophrenia cannot easily
be conceptualized as polar opposites on a spectrum or continuum
of mentalizing ability without changing the nature of this spec-
trum. However, with some modifications, C&B’s theory lends
itself readily to empirical testing and hence provides a valuable
framework for future research.
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Abstract: Autism and early-onset schizophrenia share common
dimensions of social communication deficits. The possible role of
common genetic factors has to be seriously considered, such as the
serotonin transporter gene that influences the severity of social
communication impairments (negative symptoms) and hallucinations
(positive  symptoms). Autism and the negative syndrome of
schizophrenia might be at one extreme of a continuum, and paranoid
schizophrenia (positive symptoms) at the other extreme.

Autism and schizophrenia (more precisely, the negative syn-
drome of schizophrenia as observed in early-onset schizo-
phrenia), far from being diametrical disorders of the social
brain as postulated by Crespi & Badcock (C&B), share
common psychopathological dimensions in terms of social com-
munication deficits. This does not contradict C&B’s hypothesis
that autism and schizophrenia (but the latter in its paranoid
form) represent two extremes on a cognitive spectrum.
Historical diagnostic overlaps between autism and schizo-
phrenia have existed since the appearance of autism in the nomen-
clature of psychiatric disorders. Originally autistic disorder and
schizophrenia were intimately linked. Indeed, the term autism is
derived from the Greek autos, which means self and was intro-
duced for the first time by the Swiss psychiatrist Eugen Bleuler
in 1911 to describe social withdrawal in adults with schizophrenia.
In 1943, the American psychiatrist Leo Kanner borrowed from
Bleuler the term autism to define a syndrome observed in 11 child-
ren — which, at that time, was a part of the diagnostic category
“Childhood Schizophrenia.” Since the early 1970s, autism and
schizophrenia have belonged to two different diagnostic cat-
egories. However, they still share some common features: They
are both considered as developmental psychiatric disorders invol-
ving psychotic symptoms with impairments in the same main
behavioral domains (especially in communication and social inter-
actions). Communication impairments are reported in autistic dis-
order as well as in early-onset schizophrenia (Alaghband-Rad et al.
1995; Asarnow et al. 1994; Baum et al. 1995; Cantor et al. 1982).
Thus, impairments in verbal communication (delay in the develop-
ment of spoken language, poor or disorganized speech) and non-
verbal communication (reduced facial expression or body
language; poor eye contact; and abnormal emotional expression
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such as flat, bizarre, or inappropriate affects) are found in individ-
uals with early-onset schizophrenia or autistic disorder. In
addition, social development is impaired in both schizophrenia
and autistic disorder. The degradation of social skills is a hallmark
of schizophrenia (Mueser et al. 1991) and the distinguishing
feature of subgroups within schizophrenia (Carpenter et al.
1988). Deterioration of social skills is associated with the chronic
phase of schizophrenia and its deficit form (Carpenter et al.
1988) or negative syndrome. Social isolation observed in schizo-
phrenia, in particular in the childhood of individuals with early-
onset schizophrenia, is similar to the autistic withdrawal described
by Kanner (1943).

Tantam (1988) even argued that individuals with autistic dis-
order display symptoms that can also be considered as schizoid
personality traits. More recently, Konstantareas and Hewitt
(2001) reported that none of 14 men with paranoid schizophrenia
met criteria for autism, whereas 7 out of 14 males with autism
met criteria for schizophrenia on the Structured Clinical Inter-
view (SCID). More precisely, symptom overlap concerned nega-
tive symptoms of schizophrenia, such as affective flattening,
alogia, avolition, apathy, anhedonia, and poor communication.
This symptom overlap can be observed in particular between
high functioning autistic disorder or Asperger’s syndrome and
early-onset schizophrenia, which tends to be characterized by
negative symptoms with social interaction impairments (Bailer
et al. 1996) and a chronic course (Krauss et al. 2000). Further-
more, retrospective studies conducted on patients with schizoph-
renia or longitudinal studies of children with autistic disorder
reported frequent associations between these two disorders
(antecedents of autistic disorder in the childhood of the schizo-
phrenic group and appearance of schizophrenia in the autistic
group) (Alaghband-Rad et al. 1995; Bender & Faetra 1972;
Jansen et al. 2000; Petty et al. 1984; Van Engeland & Van Der
Gaag 1994).

From a biological point of view, abnormal stress responses (in
particular responses of the hypothalomo-pituitary-adrenal axis to
psychosocial stress) are reported in schizophrenia (Jansen 1998;
Jansen et al. 2000) as well as in autistic disorder (for a review,
see Tordjman et al. 1997). This common biological feature is
associated in both disorders with major anguish focused often
on body image, difficulties to adapt to novel situations, and
abnormal behavioral responses to environmental stimuli and
stressful situations (Jacobson & Ackerman 1990; Tordjman
et al. 1997; Van Den Bosch et al. 1992; Wiedl 1992). Interest-
ingly, some studies suggest that the apparent pain insensitivity
observed in both autism and schizophrenia is more related to a
different mode of pain expression due to social communication
impairments and body image problems, than to a real endogen-
ous analgesia (Guieu et al. 1994; Tordjman et al. 1999; Watson
et al. 1979).

Finally, genetic factors possibly involved in both early-onset
schizophrenia and autistic disorder have been discussed by Yan
etal. (2000). The serotonin transporter gene (HTT) is of particular
interest given the reported association of a HTT promoter poly-
morphism with anxiety-related traits in the general population
(Lesch et al. 1996). Furthermore, in a genetic study conducted
on families of 71 children with autism, we showed that the HTT
promoter polymorphism modifies the behavioral phenotypic
expression of autism: the data consistently pointed to the short
(s) allele being associated with the more severe impairments in
the communication and social interaction domains (Tordjman
et al. 2001). These data were confirmed by another study
(Brune et al. 2006). Of special relevance are reports that the
HTT promoter polymorphism also influences the severity of hallu-
cinations in schizophrenia: Intensity of hallucinations was posi-
tively associated with the long (I) allele (Malhotra et al. 1998)
and negatively associated with the s allele (Golimbet et al. 2003).
It suggests that the HTT promoter polymorphism influences the
phenotypic expression of positive symptoms (hallucinations) and
negative symptoms (social withdrawal and communication

deficits). In this regard, our results fit within C&B’s hypothesis:
Autism and the deficit form of schizophrenia (observed in particu-
lar in early-onset schizophrenia) would be at one extreme (nega-
tive symptoms), and paranoid schizophrenia at the other
extreme (positive symptoms) of this continuum. It opens the
path to future common research on the genetics of autism and
schizophrenia, and underlines the importance of using a method-
ology in which genetic transmission is studied in concert with a
detailed examination of clinical phenotype.

In conclusion, I suggest that future research on the genetics of
autism and schizophrenia should develop multi-trait models
(Tordjman et al. 2007) and a multidimensional approach, such
as studying social and communication impairments, instead of
focusing on diagnostic categories.
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Abstract: Social cognition is a broad term, incorporating all aspects of
social functioning from perceiving emotional stimuli to attributional
style and theory of mind. Not distinguishing between these different
capacities may confound the interpretation of the data deriving from
studies of the relationship between psychiatric disorders and the social
brain. The distinction between cognitive and affective components of
social cognition is clearly exemplified by the abnormalities observed in
psychopathy and Williams syndrome.

Traditionally, assessment and diagnosis of psychiatric disorders
have focused on affective, cognitive, and somatic symptoms.
However, interpersonal problems and abnormal social behaviors
are often the first indication than an individual is experiencing
mental health difficulties. Recent advances in the field of social
neuroscience have been instrumental in showing that abnorma-
lities in social cognition are an important aspect of the clinical
profile of many psychiatric disorders, and that some interperso-
nal problems associated with psychopathology are caused by dys-
functions in the social brain (Briine et al. 2003). In line with this
new approach to defining the clinical phenotypes of psychiatric
disorders, Crespi & Badcock (C&B) focus on social brain func-
tioning in autism and psychosis. After reviewing an impressive
amount of clinical, behavioral, and neurological data, C&B con-
clude that these two conditions represent opposites along a spec-
trum from underdeveloped to hyperdeveloped social cognition,
with normality at the center, and hypothesize that the develop-
ment of these disorders is mediated by genomic imprinting.

Whereas it is undisputed that patients with autism display defi-
cits in a wide range of social cognition tasks, the idea that psycho-
sis (and schizophrenia in particular) is associated with a
hyperdeveloped social brain is likely to leave many clinicians per-
plexed. In fact, it seems to go against the prevailing consensus
that patients with schizophrenia show defective (rather than
enhanced) abilities in the domain of social cognition (Burns
2006b). However, before considering C&B’s view of schizo-
phrenia as heretical, we should pay attention to the methodologi-
cal problems that complicate the study of social brain
dysfunctions in psychiatric disorders.

First, psychiatric diagnoses in general, and the diagnosis of
schizophrenia in particular, lack validity. Patients with the same
diagnosis may have different diseases, and these different dis-
eases (or subsyndromes) may involve different abnormalities of
the social brain. For example, in the schizophrenia population,
social cognition abilities seem to vary with the presence of
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violent behavior (Abu-Akel & Abushualeh 2004), paranoid
features (Langdon et al. 2002), and negative symptoms (Cor-
coran & Frith 1996). Second, tasks designed for studying social
cognition in psychiatric patients tend to have dubious ecological
validity. For example, McCabe et al. (2004) showed that indivi-
duals with schizophrenia demonstrate intact theory-of-mind abi-
lities when tested in real life during conversational interactions.
Third, the term “social cognition” is a broad concept, incorporat-
ing all aspects of social functioning from perceiving social
emotional stimuli to attributional style and theory of mind. Not
distinguishing between the different capacities that allow an indi-
vidual to navigate the social environment may confound the
interpretation of the data deriving from studies of the relation-
ship between psychiatric disorders and the social brain. Here,
I will focus in further detail on this last methodological problem.

A promising approach to dissecting the various components of
social cognition is to distinguish the capacity to represent other
people’s intentions and beliefs (referred to as theory of mind or
mentalizing) and the capacity to share the feelings of others
(referred to as empathy) (Singer 2006). Although C&B do not
pay much attention to such a distinction in their target article,
there is preliminary evidence that the capacities to mentalize
and to empathize are differentially impaired in schizophrenia.
Discussing these data, Shamay-Tsoory et al. (2007) have argued
that the conflicting evidence in the literature concerning schizo-
phrenic patients’ ability to perform on theory-of-mind tasks is
due to the dissociation between cognitive and affective com-
ponents of social cognition. According to these authors, such dis-
sociation would also explain the puzzling finding that the
schizophrenic population includes both individuals who “under-
mentalize” and individuals who “overmentalize” (C. D. Frith
2004). However, probably schizophrenia is not the best model
to illustrate the necessity to distinguish between cognitive and
affective components of social cognition. In this regard, psycho-
pathy and Williams syndrome are much better.

Psychopathy is a pervasive pattern of disregard for the rights of
others associated with distinctive emotional and behavioral fea-
tures. Individuals with this personality disorder are frequently
deceitful and manipulative in order to gain personal profit.
Even though they may display a glib, superficial charm, these
people tend to be callous, cynical, and contemptuous of the feel-
ings, rights, and suffering of others. The emotional deficits associ-
ated with psychopathy interfere with the development of moral
reasoning and put the individual at risk for developing high
levels of antisocial behavior. In other words, an absence of
empathy is what characterizes psychopaths who hurt others
without feeling guilt or remorse (Blair 2003). Interestingly, the
empathic deficit is associated with no other deficit of social cog-
nition. Persons with this disorder are capable of accurately asses-
sing the costs and benefits of short-term social interactions,
accurately reading others’ behavior rules, utilizing self-monitor-
ing information to alter their strategies, and successfully disguis-
ing their intentions (Troisi 2005). Confirming this, experimental
studies have found no indications of impairment with theory of
mind among individuals with a diagnosis of psychopathy
(Richell et al. 2003).

Williams syndrome (WS) is a rare neurodevelopmental dis-
order caused by hemizygous microdeletion of about 28 genes
on chromosome 7q11.23 and characterized by many cardiovascu-
lar, endocrine, gastrointestinal, and orthopedic problems. WS
is associated with mild to moderate mental retardation and a
unique combination of social-emotional and social-cognitive
abnormalities. A striking feature of children with WS is their
high sociability and empathy for others. Increased interest in
social interaction is evident from infancy onwards, and fascina-
tion with faces, positive interpersonal bias, and overfriendliness
extend into adulthood. Intriguingly, this remarkable hypersocia-
bility is coupled with a deficit in the ability to interpret people’s
behavior in terms of their mental states. Therefore, despite their
increased empathy and social gregariousness, individuals with
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WS encounter problems in everyday interactions because of
their inability to detect and understand others’ beliefs and inten-
tions (Meyer-Lindenberg et al. 2006). In short, the social brain
dysfunctions observed in psychopathy and WS appear to be dis-
tinct and selective. Individuals with psychopathy show a pro-
found empathic dysfunction but no indications of impairment
with theory of mind. In contrast, individuals with WS show
abnormally high levels of empathy combined with a defective
theory of mind.

The distinction between cognitive and affective components of
social cognition exemplified by psychopathy and WS may apply to
other psychiatric disorders. Future studies in different diagnostic
groups will have to clarify when impaired abilities of mentalizing
(understanding the propositional attitudes of others) and
empathizing (sharing the affects of others) play unique roles
and when they play common roles in causing social disability.

The relationship between psychiatric disorders and the social
brain is likely to be multiformed. In some psychiatric disorders,
abnormalities in social cognition may be a vulnerability factor
that gets transformed into full-blown psychopathology in the
face of significant stressors. In other disorders, the experience
of psychiatric symptoms may produce temporary abnormalities
in social cognition in individuals with effective and appropriate
capacities for navigating the social environment. Progress in
this area of research requires not only refining methods for asses-
sing the various aspects of social cognition, but also developing
theoretical models for generating new explicative hypotheses.
In this regard, C&B’s target article is an important contribution.

Psychosis and autism as two developmental
windows on a disordered social brain
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Abstract: With regard to social-cognitive deficits in autism and psychosis,
Crespi & Badcock’s (C&B’s) theory does not incorporate the
developmental context of the disorders. We propose that there is
significant overlap in social-cognitive impairments, but that the exact
manifestation of social-cognitive deficits is highly dependent on the
dynamics of cognitive development and hence different in autism as
compared to psychosis.

We begin by stating that the theoretical framework of Crespi &
Badcock (C&B) is an important contribution to the unraveling
of the nature of disorders of the social brain. However, although
it is not our intention to question the consensus that autism and
schizophrenia are two different psychiatric disorders, we argue
that the described differences in brain functioning and cognition
between autism and psychosis should be considered within a
developmental context. The comparison of social-cognitive dys-
functions in autism and psychosis as C&B have presented,
implies in most cases a comparison of two different developmen-
tal windows. Autism is by definition a childhood-onset disorder,
whereas psychosis is diagnosed primarily in (early) adulthood.
This may have important implications, as findings from develop-
mental neuropsychology suggest that the same cognitive dysfunc-
tions may present differently at different ages.

First, depending on the maturation of the brain, specific cog-
nitive functions become “on-line” as development progresses.
For example, maturation of the frontal cortex continues into
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early adulthood, and executive functions will therefore be quan-
titatively and qualitatively different in early adulthood as com-
pared to childhood. Hence, certain cognitive impairments will
become more salient as development progresses. Considering
this “growing into deficit,” a concept proposed by Rourke et al.
(1983), the profile of cognitive impairments may change over
time in individuals with a neurodevelopmental disorder.
Hence, the pattern of behavioral difficulties may also change
over time in some individuals possibly resulting in a shift in psy-
chopathology. Recent reports suggest that shifts from the autism
spectrum to the psychosis spectrum are mainly seen when con-
sidering the broad autism spectrum, that is, children who have
severe social impairments but who may not meet full criteria
for the core autism phenotype. Mouridsen et al. (2008) have fol-
lowed up 89 children with atypical autism, of which 30.4% devel-
oped a psychotic disorder in adulthood, whereas only 1.9% of the
258 non-clinical controls did so. Second, Karmiloff-Smith (1997)
has stressed the importance of considering the interactive nature
of cognitive impairments associated with neurodevelopmental
disorders. Thus, the neurodevelopmental origins of two distinct
phenotypical outcomes, such as autism and psychosis, may
show similarities. However, the exact phenotypical outcome is
shaped by interactions with other neurodevelopmental and
environmental factors during development.

Although autism and schizophrenia can quite reliably be sepa-
rated as two distinct syndromes by DSM-IV or IDC-10 criteria, at
the level of individual symptoms some of the behavioral charac-
teristics are observed in both disorders. This is not new, as
Bleuler (1911) already delineated “autism” as a cardinal feature
of schizophrenia. C&B attribute this overlap to superficial beha-
vioral similarities and argue that autistic features may also be
expressed in some negative schizophrenia symptoms. However,
there is also evidence for increased levels of paranoid traits in
individuals with Asperger’s syndrome (Blackshaw et al. 2001;
Craig et al. 2004), suggesting that behavioral overlap is not
limited to negative schizophrenia symptoms and extends to psy-
chotic traits. Taking this together with the dynamics of cognitive
development, we argue that although social-cognitive impair-
ments may seem different in (adults with) psychosis as compared
to (children with) autism, this does not necessarily point to two
different or opposite social brain dysfunctions.

Indeed, reports of similarities in social-cognitive performance
in both disorders support this suggestion. Besides mentalizing
deficiencies in autism, a recent meta-analysis has pointed to defi-
cits in theory of mind (ToM) in different subtypes of schizo-
phrenia patients (Sprong et al. 2007). Not only the
schizophrenia patients characterized by disorganized or negative
symptoms, but also those with predominantly persecutory delu-
sions scored significantly lower in each study, on average 1.2 stan-
dard deviations lower than non-clinical controls, in various tasks
measuring mentalizing and ToM capacities. Moreover, in a study
by Harrington and colleagues (Harrington et al. 2005a), the
severity of persecutory delusions in schizophrenia patients was
related (r = —.48) to more severely impaired mentalizing abili-
ties. Also, patients with paranoid delusions could not be discrimi-
nated from individuals with Asperger syndrome on several tasks
measuring ToM skills (Craig et al. 2004), as both groups per-
formed comparably worse as compared to non-clinical controls.
Not only in clinical populations, but also in the general popu-
lation, “positive” schizotypal traits (analogous to psychotic clinical
symptoms) seem to predict poorer mentalizing performance
(Pickup 2006). Ome possible explanation for the relation
between psychosis or paranoia and ToM impairments has been
put forward by Bentall and Kinderman (1998). They propose
that the following two factors contribute to persecutory delu-
sions: (1) an external attributional bias, and (2) an impairment
in incorporating contextual information needed for making attri-
butions. An impaired ability to understand what other persons
are thinking and feeling (ToM) represents one type of deficit in
takl'ng into account important contextual information.

Interestingly, similarities between the autism and psychotic
spectrum have also been observed with regard to the neurobiolo-
gical underpinnings of impaired theory of mind. When asking
individuals to judge faces with regard to trustworthiness, that
is, attribute intentions to others, functional magnetic resonance
imaging (fMRI) shows very similar patterns of brain activation
in individuals with an autism-spectrum disorder and paranoid
schizophrenia patients (Pinkham et al. 2008).

Finally, our studies on Klinefelter syndrome also suggest an
overlap in social-cognitive dysfunctions associated with autistic
and psychotic behavior. Men with Klinefelter syndrome display
various social-cognitive deficits and have increased levels of
both autistic and psychotic traits (van Rijn et al. 2006a; 2006b;
2007; in press).

In sum, we feel that C&B’s comparison of the cognitive mech-
anisms characteristic of the autism spectrum and psychotic spec-
trum should take into account the dynamics of cognitive
development from childhood into adolescence and adulthood.
Also, the observations of similarities in social-cognitive dysfunc-
tions in the autism and schizophrenia spectrum should not be
ignored. We hope to have provided convincing evidence
showing that mentalizing abilities, which are among the core
domains of cognitive functions that dissociate autism from psy-
chosis according to C&B, are hypodeveloped in both the
autism and psychotic spectrum. As also suggested by Pinkham
etal. (2008), social brain dysfunctions in the autism and psychotic
spectrum may be deficit-specific, rather than disorder-specific.
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Abstract: Crespi & Badcock (C&B) have presented a novel view that the
influence of genomic imprinting causes diametrically opposite disorders:
namely, psychoses and autism. I propose an extended hypothesis that
while genomic imprinting is likely to have an influence on the
pathogenesis of psychoses and autism, it might contribute to
phenomenological antithesis between as well as within these disorders.

Crespi & Badcock (C&B) have elegantly summarized the evi-
dence for psychoses and autism to be considered as “diametrical
disorders of the social brain.” Importantly, their work blends the
concept of differential evolutionary selection pressures on male
and female brains (Lindenfors et al. 2007) with contemporary
neurobiological observations. Although the authors have
described autism and psychoses as “diametrically opposite phe-
notypes” (target article, Abstract), evidence from other studies
(reviewed in this commentary) suggests that the relationship
between them might be more complex.

This intriguing complexity is illustrated by the striking comor-
bidity of “seemingly incompatible” syndromes (e.g., 34.8% of
adults with atypical autism had schizophrenia spectrum disorders;
Mouridsen et al. 2008). Also, in the recently postulated “network
disease hypothesis,” it was estimated that 20—60% of autism-pre-
disposing genetic polymorphisms also predispose the bearer to
bipolar disorder, and 20—75% of these polymorphisms also predis-
pose the bearer to schizophrenia (Rzhetsky et al. 2007). Moreover,
DISC1 gene, which was reported to co-segregate with schizo-
phrenia (Mackie et al. 2007), is also associated with autism and
Asperger’s syndrome (Kilpinen et al. 2007).
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In addition to these shared genetic diatheses, evidence for
potentially similar pathogenesis for both autism and schizo-
phrenia does exist (although the studies summarized in Table 1
of the target article suggest contrasting pathogenetic mecha-
nisms). Both autism and schizophrenia are associated with (1)
deficient insulin-like growth factor-1 (Riikonen et al. 2006; Ven-
katasubramanian et al. 2007), (2) masculinized digit ratio
(Manning et al. 2001; Procopio et al. 2006), (3) smaller corpus
callosum (see Waiter et al. [2005] in relation to autism; see Ven-
katasubramanian et al. [2002] and Woodruff et al. [1995] in
relation to schizophrenia), and (4) increasing paternal age
(Reichenberg et al. 2006; Sipos et al. 2004).

These shared genetic and pathogenetic abnormalities, as well
as clinical comorbidity between psychoses and autism, suggest
an extended hypothesis that, although genomic imprinting is
likely to have an influence on the pathogenesis of psychoses
and autism, it might contribute to phenomenological antithesis
(opposite  symptomatic manifestations) between as well as
within these disorders. This hypothesis derives indirect support
from the recently emerging view that no unitary cause (genetic
or cognitive) can explain the diverse symptoms of autism
(Happé et al. 2006). Extending the thesis by Happé et al.
(2006), I propose that at least three evolutionary significant
dimensions — namely, systemizing ability, schizotypy, and affect
regulation (with each dimension being independent and possibly
having multiple components) — need careful consideration with
relevance to the impact of genomic imprinting on these dis-
orders. Interestingly, the prototypical disorders related to these
three dimensions (systemizing ability — autism; schizotypy — schi-
zophrenia; affect regulation — bipolar disorder) are all influenced
by genomic imprinting (Luedi et al. 2007).

Recently, Luedi et al. (2007) have listed genes that have been
proved or predicted with high confidence to be imprinted in loci
linked to these three disorders. The ratio of paternal to maternal
(P:M) effects (parent-of-origin as well as paternal/maternal
expression) of the proposed imprinted genes in these three dis-
orders are as follows: autism (P:M =5:4), schizophrenia
(P:M = 3:2), and bipolar disorder (P:M = 3:6) (Luedi et al.
2007; supplemental research data online). These P:M ratios
suggest that the influence of genomic imprinting on these dis-
orders may not be exclusively paternal or maternal. The P:M pro-
files of autism and schizophrenia suggest more of paternal than
maternal effects, whereas the P:M profile of bipolar disorder
suggests the reverse.

Based on this, one might speculate that autism and bipolar dis-
order are “phenomenologically antithetical” disorders (at either
end of spectrum) with schizophrenia being “in the middle.” Inter-
estingly, the multidimensional model of schizotypy (Kwapil et al.,
in press) suggests that “positive schizotypy” is related to psychotic-
like experiences and mood disorders (tending more towards bipo-
larity), whereas “negative schizotypy” is related to negative and
schizoid symptoms (tending more towards autism). Similar
descriptions for affective instability (Lara et al. 2006), as well as
systemizing ability (Baron-Cohen 2006), can explain the spectrum
of symptoms within a specific dimension, as well as the paradoxical
coexistence of apparently “polar” or phenomenologically antitheti-
cal conditions.

Genetic studies of these three hypothesized dimensions might
offer valuable insights on the pathogenesis of these neuropsychia-
tric disorders. Because autism, schizophrenia, and bipolar dis-
order are affected by genomic imprinting (Luedi et al. 2007), it
is plausible that the three hypothesized dimensions that are
adversely affected in these disorders might also be influenced
by imprinting. Indeed, the schizotypal dimension in schizo-
phrenia and bipolar disorder has been reported to be associated
with homozygous high activity catechol-O-methyltransferase
(COMT). Moreover, hypomethylation of membrane-bound
COMT promoter gene has been reported to be a potential
molecular basis for the shared symptoms of schizophrenia
and bipolar disorder (Abdolmaleky et al. 2006). Significantly,
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methylation-mediated processes constitute one of the important
mechanisms for genomic imprinting (Reik & Walter 2001). This
suggests that schizotypy might be influenced by imprinting.

Imprinting is postulated to offer evolutionary adaptations
(Wilkins & Haig 2003). Interestingly, these hypothesized dimen-
sions are evolutionarily significant because a balanced mix of
these dimensions might offer survival advantages (James 2003;
Nettle & Clegg 2006), whereas an imbalance might lead to psy-
chiatric disorders. An imbalanced imprinting polarized to one
of these three dimensions might result in one disorder (e.g.,
extreme schizotypy might result in schizophrenia), whereas an
imbalanced imprinting adversely influencing more than one
dimension might result in comorbidity of phenomenologically
antithetical conditions. Also, the imprinting mechanisms influen-
cing these hypothetical dimensions might be more intricate
because of additional factors like “leaky imprinting” (which can
result in “gain-of-function” as well as disorder; Delong 2007),
environmental influences (Jirtle & Skinner 2007), and interaction
with sex-related biological differences.

To summarize, Dobzhansky’s statement that, “Nothing in
biology makes sense except in the light of evolution” (Dobz-
hansky 1973), emphasizes the need for evolutionarily informed
approaches to understand diseases and disorders. However,
contemporary medicine focuses predominantly on “proximal-
etiology” whereas the “distal-etiology” based evolutionary
approach has mostly been neglected (Nesse et al. 2006). C&B’s
target article is an example for promising applications of evol-
utionary approaches in understanding complex human diseases.
Although the studies summarized by C&B strongly emphasize
the influence of genomic imprinting in psychoses and autism,
additional literature reviewed in this commentary illustrates the
complexity of this influence; and I hypothesize that genomic
imprinting contributes to phenomenological antithesis between
as well as within these disorders.

Towards a computational neuroscience of
autism-psychosis spectrum disorders

doi:10.1017/50140525X08004433

Tony Vladusich

Department of Cognitive and Neural Systems, and Center of Excellence for
Learning in Education, Science and Technology, Boston University, Boston,
MA 02215.

theviad@bu.edu

Abstract: Crespi & Badcock (C&B) hypothesize that psychosis and
autism represent opposite poles of human social cognition. T briefly
outline how computational models of cognitive brain function may be
used as a resource to further develop and experimentally test
hypotheses concerning “autism-psychosis spectrum disorders.”

Computational neuroscience seeks to understand brain function
through a combination of mathematical and experimental tech-
niques. The computational neuroscience of mental disorders — a
relatively new field of research — may provide an avenue to
develop and test the hypothesis of Crespi & Badcock (C&B)
that autism and psychosis represent opposite poles of human
social cognition. Modifications to existing computational models
of healthy brain function, in particular, may help to understand
how imbalances in neurotransmitter systems give rise to the
behavioral symptoms associated with autism and psychosis.

I will discuss how a computational model of category learning
and recognition has begun to inform research on both autism and
psychosis (Grossberg 2000a; Grossberg & Seidman 2006). This
model hypothesizes that humans recognize objects by matching
top-down expectations (subliminal primes or hypotheses) —
based on learned categories — against bottom-up representations
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of sensory features. According to the model, when there is a suf-
ficient match between top-down categories and bottom-up fea-
tures, we recognize the observed object as belonging to the
selected category. Modifications to the learned associations
between features and category can take place at this juncture,
thereby refining the category expectation. When there is a suffi-
ciently large mismatch between the categories and features, the
brain quickly and unconsciously searches through existing cat-
egory memories for a better-matching category. Should this
search fail, the brain then learns a new category, associating
the existing cluster of sensory features with the active category.
A model parameter called vigilance determines the amount of
similarity required to define a match between categories and
feature clusters. If vigilance is high, a high degree of similarity
between categories and features is required for recognition to
occur, whereas the converse is true if vigilance is low.

It has been proposed that vigilance varies continuously in a
population of individuals, and that autistic individuals may have
an abnormally high vigilance level (Grossberg & Seidman
2006). This abnormally high vigilance level ensures that autistic
individuals are inordinately influenced by bottom-up features.
High vigilance leads to the formation of highly specific (concrete)
categories and prevents the learning of general (abstract) cate-
gories. In terms of recognition performance, high vigilance
means that autistic individuals require an above-average degree
of similarity between categories and features to recognize an
object (Klinger & Dawson 2001; cf. Molesworth et al. 2005). It
also implies that such individuals often fail to recognize objects,
such as faces, due to trivial variations in sensory features, such
as changes in hair-style. On the flip side, high vigilance ensures
that autistic individuals very seldom mistakenly recognize an
object as belonging to a category to which it does not belong:
High vigilance will lead to the formation of new categories for
almost any cluster of features. Such abnormalities in category
learning may secondarily affect related brain regions involved
in conditioning, motivation, cognition, and motor control (Gross-
berg & Seidman 2006). Thus, according to this modeling frame-
work, many autistic symptoms may arise from abnormalities in
brain systems governing basic learning, attention, expectation,
and recognition.

The top-down pathways involved in category learning and rec-
ognition usually act as subliminal priming signals. This means
that top-down signals do not normally activate neurons encoding
sensory features, preventing us from experiencing hallucinations
during daily life. It has been proposed (Grossberg 2000a),
however, that humans are able to volitionally (willfully) modulate
the influence of top-down signals, allowing these signals to
become suprathreshold. Such suprathreshold top-down activation
in the absence of actual sensory features is hypothesized to occur
during normal imagery, such as inner speech. During psychotic
episodes, according to this theory (Grossberg 2000a), top-down
signals become suprathreshold due to the loss of volitional modu-
latory control, leading to hallucinations — a hypothesis for which
there exists some empirical support (Aleman et al. 2003). The
same modeling framework which helps to explain aspects of
autism, is therefore able to account for features of psychosis.

Can the autistic and psychotic features in the above compu-
tational framework be considered opposite poles of a spectrum?
Probably not, strictly speaking. The high vigilance associated with
hyperspecific category formation in autism is in some ways
orthogonal to the loss of volitional control of top-down signals
in psychosis. It remains theoretically possible, for example, for
a person to have both high vigilance and impoverished volitional
control. Yet the pertinent issue is whether or not the underlying
genetic variation across individuals supports such phenotypes.
One recent study examining speech discrimination in schizo-
phrenia (Vercammen et al., in press) suggests that hallucinations
may actually be associated with lower-than-normal vigilance
levels, supporting the diametrical hypothesis of C&B, at least
with respect to vigilance control. Detailed computational

modeling of the autistic-psychotic spectrum, should it exist,
may help to clarify the relationship between parameters under-
lying the brain’s computational machinery and the genetic
factors underlying the development of phenotypic variations in
human cognition and behavior.
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NOTE

1. Iam coining the phrase “autism-psychosis spectrum disorders” here
to emphasize the unification of apparently diverse syndromes by a single
theory.

Digit ratio (2D:4D) as a marker for mental
disorders: Low (masculinized) 2D:4D in
autism-spectrum disorders, high (feminized)
2D:4D in schizophrenic-spectrum disorders
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Abstract: Augmenting and supplementing the arguments of Crespi &
Badcock (C&B), I show that digit ratio (2D:4D), a putative marker of
prenatal androgen action, indeed appears differentially altered in
autism-spectrum disorders (lower/masculinized) versus schizophrenic-
spectrum  disorders  (higher/feminized). Consistent with C&B’s
framework, some evidence (substantial heritability, assortative mating,
sex-specific familial transmission) points to possible sex chromosome
and imprinted genes effects on 2D:4D expression.

Crespi & Badcock (C&B) are to be congratulated for an out-
standing theoretical contribution that may constitute a break-
through regarding our understanding of autism-spectrum
versus  schizophrenic-spectrum  disorders.  Although  their
approach is theoretically guided, it is also data driven. That is,
although supposed imprinted genes accounting for these dis-
orders have yet to be pinpointed, C&B amass a large body of evi-
dence (see their target article’s Table 1) showing that the
disorder phenotypes are diametrically opposed. Therefore, it is
legitimate and important to criticize and refute, or to augment
and supplement, any constituents of their evidence put forward.

Inter alia, C&B review some digit ratio (2D:4D) research find-
ings consistent with their proposition (see sect. 7 on “Sex differ-
ences”). No less than four references (Araté et al. 2004; Manning
et al. 2001; Milne et al. 2006; Walder et al. 2006a) from this brief
passage are listed under their key references, so this clearly has
relevance. In what follows, I augment and supplement further
evidence from 2D:4D research consistent with the C&B
hypothesis.

2D:4D is the length ratio of the second digit (index finger, 2D)
to the fourth digit (ring finger, 4D). This trait is sexually differen-
tiated (men have lower 2D:4D than women) and may be a
marker for the organizational (permanent) effects of prenatal
androgen action (Manning et al. 1998). C&B have missed some
important further 2D:4D research references. This is fully excu-
sable, but the gaps in the cited literature should be filled. As of
this writing (early 2008), the 2D:4D literature numbers about
230 journal publications and about 50 unpublished theses, and
is therefore overviewed only by specialists. Owing to the fast
research progress, complete and topical reviews of 2D:4D
research are currently unavailable (for partial reviews, see

BEHAVIORAL AND BRAIN SCIENCES (2008) 31:3 283



Response /Crespi & Badcock: Psychosis and autism as diametrical disorders of the social brain

Cohen-Bendahan et al. 2005; Manning 2002; Peters et al. 2002;
Putz et al. 2004; Voracek & Dressler 2007; Voracek & Offenmiil-
ler 2007; Voracek & Pavlovic 2007; Voracek et al. 2006; 2007).

Ten studies (C&B cite two: Manning et al. 2001; Milne et al.
2006) are informative for 2D:4D in autism-spectrum disorders.
Manning et al. (2001) found that children with autism or high-
functioning autism (Asperger syndrome) and their first-degree
relatives (unaffected siblings, mothers, and fathers), had mark-
edly lower (hypermasculinized) 2D:4D than healthy population
controls. This basic finding replicated in a study of autistic
patients from Japan (Osawa et al. 2005), was also replicated by
Milne et al. (2006) and de Bruin et al. (2006) for boys with
autism, but only partially replicated by Falter et al. (in press)
for boys with autism, who had somewhat, but not significantly,
lower 2D:4D than normals. Knickmeyer et al. (2006) mention
data indicating that girls with autism as well show masculinized
(low) 2D:4D. Relatedly, three further papers have reported
associations of low 2D:4D with various attention-deficit/hyperac-
tivity disorder (ADHD) subtypes in children (Martel et al., in
press; McFadden et al. 2005; Stevenson et al. 2007). Of further
note, Voracek and Dressler (2006) have found no correlation of
2D:4D with autistic-like personality traits and other relevant
dimensions (empathizing and systemizing) in a large healthy
general population sample.

Five studies (C&B cite two: Aratd et al. 2004; Walder et al.
2006a) are informative for 2D:4D in schizophrenic-spectrum dis-
orders. Arato et al. (2004) focused on distal finger-extent patterns
(2D and 4D, both relative to 3D) rather than on 2D:4D and
ascertained a smaller distance from 2D tip to 3D tip and a
larger distance from 4D tip to 3D tip (i.e., relatively longer 2D
and relatively shorter 4D, both broadly equivalent to a high,
feminized 2D:4D) in both male and female schizophrenic
patients, compared with normals. Walder et al. (2006a), using a
similar method, reported feminized distal finger extent in male
(but not female) adolescents with schizotypal personality dis-
orders, compared with healthy controls. The results of another
study (Procopio et al. 2006) are difficult to interpret, as an
uncommon measure (height [h] divided through 2D or 4D)
was used, which evidently was confounded by patient-control
differences in height. Female (but not male) schizophrenic
patients had significantly higher h:2D than controls. Weillegger
(2004) found markedly higher 2D:4D in female schizophrenic
patients than in controls. However, the effect was, due to
sample size limitations, statistically not significant, though notice-
ably smaller in males; and a follow-up study (Baumhackl 2007)
failed to replicate any 2D:4D differences between schizophrenic
patients and normals.

On the whole, the literature suggests 2D:4D to be low (mascu-
linized) autism-spectrum disorders and high (feminized) in
schizophrenic-spectrum  disorders. An earlier conjecture
(Manning 2002, p. 143), namely that 2D:4D in schizophrenia,
as in autism, could be low (male-typed), appears untenable.
The evidence is not without inconsistencies and replication fail-
ures, and appears stronger and more unequivocal for autism-
spectrum than for schizophrenic-spectrum disorders. Whereas
associations of 2D:4D and autistic-like traits apparently do not
generalize to the normal population (Voracek & Dressler
2006), it remains to be seen whether associations of 2D:4D and
schizotypal traits do. Additional 2D:4D data pertaining to both
autism and schizophrenia would certainly benefit tests of the
C&B hypothesis.

Also worth consideration is the substantial heritability
(h® = .60 to .80) of 2D:4D (twin studies: Gobrogge et al. 2008;
Paul et al. 2006; Voracek & Dressler 2007; family studies: Dress-
ler et al. 2004; Marshall 2000; Ramesh & Murty 1977), along with
evidence for assortative mating on the trait (spousal correlations:
about r = .20; Voracek et al. 2007). Further, 2D:4D is a correlate
of androgen sensitivity, as shown through correlations with func-
tional polymorphisms of the androgen receptor gene, located on
the X chromosome, in men (Manning et al. 2003). Surprisingly,
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2D:4D family studies findings seem more consistent with
hypothetical Y-linked inheritance (i.e., strong father-son and
brother-brother correlations) than with X-linked inheritance,
but identification of Y-linked inheritance is known to be elusive.
All of this points to possible direct sex chromosome and imprinted
gene effects on 2D:4D expression. If so, this in turn would give
clearer support of the C&B hypothesis, as far as 2D:4D is
concerned. It may also shed more light on further intriguing
differences (e.g., age of onset, sex ratio of prevalence) between
autism-spectrum and schizophrenic-spectrum disorders.
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Abstract: The commentaries on our target article, “Psychosis
and Autism as Diametrical Disorders of the Social Brain,”
reflect the multidisciplinary yet highly fragmented state of
current studies of human social cognition. Progress in our
understanding of the human social brain must come from
studies that integrate across diverse analytic levels, using
conceptual frameworks grounded in evolutionary biology.

We thank the commentators for providing insightful and
constructive input on our target article, and for pointing
out topics that will benefit from additional discussion. Our
response is structured along the same general lines as the
target article, scaffolding up from genes to cognition, beha-
vior, and psychiatric conditions of the social brain. We first
clarify some key aspects of the genetic and epigenetic bases
of our theory, by describing the patterns and processes of
genomic imprinting in more detail (sect. R1), and by
showing how not just human imprinting-related syndromes,
but also neurogenetic syndromes mediated by losses versus
gains of suites of non-imprinted genes, contribute to dia-
metric autistic versus psychotic phenotypes (sect. R2).
Next, we show how phenotypes associated with growth
and mentalistic or mechanistic skills can serve to connect
genes and development with cognition and behavior (sect.
R3), and we address the core issue of cognitive and beha-
vioral similarities (sect. R4) and differences (sect. R5)
between psychotic- and autistic-spectrum conditions. We
focus, as did many of the commentators, on the degree to
which these conditions can be considered as opposite —
quite literally, opposing in their developmental bases and
diametric in their cognitive phenotypes, reflecting biases
towards mentalism or mechanistic thought. Finally, we
explain in greater detail how imprinting effects are expected
to interact with sex differences, in generating the consider-
able diversity of autistic-spectrum and psychotic-spectrum
conditions that we observe in nature (sect. R6), and
provide closing thoughts (sect. R7).
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R1. Mechanics of genomic imprinting

R1.1. Theory

We are grateful to David Haig for providing detailed dis-
cussion of how natural selection is expected to drive the
evolution of imprinting effects on phenotypes, given the
diversity of fitness-mediating interactions between
various asymmetric kin. We have focused on mother—
child interactions, both physiological and behavioral,
because these represent the best understood, and most
clearly expected, selective arena for genomic conflicts
underlain by imprinting.

R1.2. Number and action of imprinted genes

The eflicacy of Haigian imprinted gene effects on develop-
ment, brain, and behavior is to some degree a function of
the numbers of imprinted genes in humans (Keller) and
how they may be subject to dysregulation (Davies &
Isles). The OTAGO database of imprinted genes (Glaser
et al. 2006) lists 63 confirmed imprinted genes in
humans plus 41 genes that are imprinted in mice with
no data as yet from humans, and bioinformatic predictions
from Luedi et al. (2007) suggest the presence of an
additional 156 human-imprinted genes. These known or
predicted imprinted genes are primarily protein-coding.
Recent studies of small non-coding RNAs have also pro-
vided evidence for about 200 imprinted RNA genes in
humans, many of them brain-specific in expression and
some known to mediate neurodevelopmental disorders
(Fiore et al., in press; Mattick & Makunin 2006; Royo
et al. 2006). Thus far, the identification and characteriz-
ation of imprinted genes in humans has been a haphazard
affair, but new genomic technologies (Gimelbrant et al.
2007) should provide us with a complete list within
several years. Each and every brain-imprinted gene on
this list should, in our view, be immediately suspected of
engagement in genomic conflicts. Such conflicts will be
expressed in neurocognitive development to the extent
that an imprinted gene has successfully shifted the
balance of genetic power in its own paternally biased or
maternally biased interests, or is dysregulated via altera-
tions to imprints or the machinery of imprint application,
maintenance, or removal, in addition to alteration by
mechanisms common to all genes, such as point mutations
and forms of epigenetic modification independent of
imprinting effects. This is all that we mean by dysregulated
in “more ways” than non-imprinted genes (Davies & Isles);
none of the molecular mechanisms involved are known to
be unique to imprinting, but there is a greater overall
scope for alteration, and greater effects because such
genes are effectively haploid.

Given the central role of a small number of imprinted
genes, such as CDKNI1C, in orchestrating placental devel-
opment (Andrews et al. 2007), and their coordinated
expression in complex networks of imprinted and non-
imprinted genes that jointly regulate development (Var-
rault et al. 2006), the actual number of imprinted genes
is much less relevant than their “extended genotypes,”
whereby imprinted genes regulate the expression of
other genes. For example, the imprinted non-coding
RNA miR-134 regulates LIMK1, a focal gene in the etiol-
ogy of Williams syndrome (Jdrvinen-Pasley et al. 2008),

and imprinted-gene effects appear to be pervasive in key
networks underlying development (Smits & Kelsey 2006).

R1.3. Roles of imprinted and non-imprinted genes

How important are imprinted genes in neurodevelopmen-
tal disorders, compared to non-imprinted genes
(Deutsch, Ludwig, & Mecllvane [Deutsch et al.],
Dickins, Dickins, & Dickins [Dickins et al.], Fitzger-
ald & Hawi, Keller)? We reiterate that autistic- and psy-
chotic-spectrum conditions are each highly heterogeneous
in their etiologies, though convergent in core phenotypes,
and that our hypothesis posits a phenotypic diametricity
for these conditions that is underlain in part by the
genomic diametricity of imprinting. In addition to the
genetic evidence discussed in our target article, we also
note that: (1) autism induced by uncontrolled PKU
deficiency (Dennis et al. 1999) may be mediated by
strong overexpression of the paternally expressed
imprinted gene NNAT (Surendran et al. 2005); (2) over-
growth and autism caused by NF1 gene alterations may
be driven by a paternal-allele-specific interaction with
the imprinted IGF2-H19 locus (Ling et al. 2006); and
(3) recent evidence implicates dysregulated processing of
non-coding RNAs (which may include imprinted RNAs)
in Fragile X syndrome (Plante et al. 2006), as also
suggested by studies of the Prader-Willi phenotype
found at low frequency in patients with the Fragile
X full mutation but no epigenetic modifications to chromo-
some 15 (Nowicki et al. 2007). All of these cases require
further study, but taken together with the evidence
described further on in this response and in our target
article, they indicate that alterations to imprinting rep-
resent a pervasive, convergent cause of many manifes-
tations of autism, though not an exclusive one (Happé
et al. 2006). We are aware of no alternative genetically
based theory that can at least potentially account for
such a broad and deep range of evidence or for such other-
wise-inexplicable etiologic heterogeneity.

Of course, many non-imprinted genes have been linked
with autism, as well as with schizophrenia, in genome
scans and association studies — each with small effects
on risk that have been difficult to replicate among
studies (e.g., Craddock et al. 2005). Imprinted genes are
necessarily embedded in physiological and developmental
networks, so such important contributions to neurodeve-
lopmental disorders from non-imprinted genes are, as
noted by Keller and described in Keller and Miller
(2006), by no means unexpected. But consider the relative
strength of imprinted-gene effects, in each case for one or
several genes: (1) the risk of psychosis rises to near 100%
in Prader-Willi syndrome due to maternal uniparental
disomy, which involves combined loss of paternal-gene
expression and increased maternal-gene expression (Soni
et al. 2008); (2) loss of function of the paternally expressed
SGCE gene leads to high rates of psychotic and depressive
symptoms (Lauterbach et al. 1994; Yokoi et al. 2006); and
(3) loss or reduction of functional gene product of the
maternally expressed UBE3A gene causes Angelman syn-
drome and is also associated with Rett syndrome, with
both syndromes involving very high rates of autism and
striking phenotypic overlap for diverse traits (Jedele
2007); UBE3A has also been implicated in idiopathic
autism (Samaco et al. 2005). Similar considerations apply
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to the gene MeCP2 that directly underlies Rett syndrome:
it exhibits allelic variants linked with idiopathic autism
(Shibayama et al. 2004), and its functions include inter-
action with imprinted genes (Nomura et al. 2008).

As noted by Haig and Davies & Isles, maternal dupli-
cations of the 15q11-q13 region have also been associated
with autism; however, genotype-phenotype correlations
are extremely variable for cytogenetic alterations of this
region (here, interstitial duplications and supernumerary
duplicated-chromosome fragments, referred to as idicl5)
(Cohen et al. 2007; Kwasnicka-Crawford et al. 2007). For
example, Prader-Willi phenotypes have been found in indi-
viduals with paternally inherited interstitial duplications of
15q11-q13 (Engelen et al. 1999; Mao et al. 2000), and
supernumerary-chromosome cases, all of which are mater-
nally derived, involve severe developmental delay and phe-
notypes that have been characterized as “atypical” autism
(Cohen et al. 2007; Cook et al. 1997). Studies analyzing
gene expression and effects from all candidate genes in
this region, which include GABRB3 (Dykens et al. 2004)
and the FMRP-interacting gene CYFIP1 (Nishimura
et al. 2007b; Nowicki et al. 2007) as well as UBE3A
(which shows increased expression in idicl5 cell lines;
Baron et al. 2006), are required for robust interpretation
of these alterations, given the complexity of the genetic
and epigenetic regulatory networks involved (e.g.,
Landers et al. 2005). By contrast, Angelman syndrome
has a simple, well-documented cause: reduced expression
or activity of the maternally expressed gene UBE3A.

Our hypothesis can also not be evaluated directly from
information on the expected or observed parental
expression patterns of specific imprinted genes associated
with autistic- or psychotic-spectrum conditions (Venkata-
subramanian), because we require information on the
direction of change in gene-expression levels or gene-
product activity. For example, allelic variation in several
genes, including DISC1 (Chubb et al. 2008; Kilpinen
et al. 2008), CNTNAP2 (Arking et al. 2008; Friedman
et al. 2008), UBE3A (Nurmi et al. 2003; Sporn et al.
2004b), RELN (Serajee et al. 2006; Shifman et al. 2008)
and HLA-DRBI (Torres et al. 2002; Wright et al. 2001),
has been associated with both autism and schizophrenia;
do these genes exhibit diametric alterations or expression
patterns in the two conditions, in some cases mediated
by imprinting? UBE3A is known to be imprinted,
DISCL is not imprinted despite a bioinformatic prediction
(Hayesmoore et al., in press; Luedi et al. 2007), and
CNTNAP2 and RELN show parent-of-origin effects in
their associations with autism (Arking et al. 2008; Dutta
et al. 2007; Rampersaud et al. 2007). Tordjman describes
salient evidence from the SLC6A4 gene, of alternative
alleles associated with more-impaired sociality in autism
versus severity of auditory hallucinations in schizophrenia,
that provides a clear example of the types of genetic data
most useful in evaluating our hypothesis.

Taken together, these studies indicate that dysregula-
tion of imprinted genes exerts strong, penetrant effects
on the expression of autistic- and psychotic-spectrum con-
ditions that are generally in the directions predicted by our
hypothesis. Linkage-scan and genetic-association studies
usually do not test for parent-of-origin effects, or quantify
epigenetic variation, so the degree to which such major
effects are paralleled by smaller, much more numerous
influences, remains unexplored.
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R2. Genomic copy-number variation and diametric
syndromes

Our hypothesis is more general than imprinted gene
effects, in postulating the evolution of human neurocogni-
tive architecture along a major axis from mechanistic to
mentalistic cognition, manifested in psychiatric pathology
by autistic and psychotic spectrum conditions. Such archi-
tecture is expected to canalize genotype—phenotype
associations for diverse forms of genetic, epigenetic, and
genomic variation. Burne, Eyles, & McGrath (Burne
et al.), Deutsch et al., and Keller draw attention to
gene copy number variation as a recently characterized
source of human genomic variability, one that provides
opportunities for novel tests of our hypothesis.

R2.1. Copy number variation in neurogenetic
syndromes

The best-known cases of copy-number variation to date
involve neurogenetic syndromes caused by deletions
versus duplications of autosomal, non-imprinted regions
harboring multiple genes, or deletions versus duplications
of the entire X chromosome itself. For autosomes, del-
etions cause haploidy for genes in the region, whereas
duplications result in triploidy. Do these diametric
genomic alterations result in diametric neurocognitive
phenotypes, in particular autistic- versus psychotic-spec-
trum phenotypes? We have summarized salient, available
information for three of the best-understood pairs of auto-
somal neurogenetic syndromes in Table R1. In each of
these three cases, one of the syndromes is notably associ-
ated with psychotic spectrum diagnoses and behavior (as
also summarized, e.g., by Table 2 in Gothelf [2007]),
while its sister syndrome (Crespi, in review) is associated
with autistic-spectrum diagnoses and behavior. We also
highlight the observation that the three conditions con-
sidered here as falling into the psychotic spectrum,
Smith-Magenis syndrome, Williams syndrome, and velo-
cardiofacial syndrome, are each characterized by higher
verbal than visual-spatial skills, and by undergrowth, as
also reported for Prader-Willi syndrome disomy (Dykens
2002; Roof et al. 2000; Whittington & Holland 2004);
similar considerations apply to schizotypy and psychosis,
as documented in our target article. These findings
provide notable support for a psychotic-autistic neuroge-
netic continuum underlying human cognition, a spectrum
that should also be genetically mediated by myriad other,
smaller-scale cases of copy-number variation throughout
the human genome.

Neurogenetic conditions caused by “copy-number”
variation of whole sex chromosomes require special con-
sideration, because as Haig (2006) explains, genes on the
X chromosome are expected to favor maternal interests
and thus resemble maternally expressed imprinted genes
in the nature of their predicted effects on development.
As a result, by our hypothesis, Klinefelter syndrome
(usually 47 XXY) should involve high rates of psychotic
spectrum disorders, whereas Turner syndrome (usually
45.X) should involve a higher incidence of autism. As
also noted in our target article and shown in Table R1,
this prediction is met (Boks et al. 2007a; DeLisi et al.
2005; Skuse 2000; 2005). Based on these considerations,
we also make the a priori prediction of high rates of
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Table R1. Neurogenetic sister syndromes mediated by genomic copy-number variation can be categorized as involving cognitive,
behavioral, and psychiatric phenotypes characteristic of either the psychotic spectrum (left column) or autistic spectrum (right column).
Where relatively little directly salient data are available (as for Smith-Magenis syndrome and velocardiofacial syndrome-region
duplications), we predict that, upon further study, the syndromes will engender phenotypes and psychiatric diagnoses ch(zmctemstw of
the relevant spectrum. Crespi (in review) provides a comprehensive evaluation of the degree to which these and other neurogenetic sister
syndromes involve diametric phenotypes

Smith-Magenis syndrome

Potocki-Lupski syndrome

Caused by hemizygous deletion of region at 17p11.2 including
RAII gene, and by RAI1 mutations (1)

Undergrowth (1,2)

Case report of mood disorder (5)

Relative strength in verbal skills (6)

Case reports of “bipolar episodes” (7)

Velocardiofacial syndrome

Caused by duplication of same region (8)

Low birth weight but not short stature, poor feeding in infancy (8)

Seizures, hyperactivity (8)

High rates of autism and autistic behavior (in “vast majority of
cases”) (8)

Velocardiofacial-region duplications

Caused by deletion of over 30 genes at 22q11.2, effects from
COMT, DGCR2, TBX1, other genes (9,10)

Undergrowth (11)

Better verbal than visual-spatial skills (12,13)

High rates of schizophrenia, schizoaffective disorders, bipolar,
depression, anxiety, phobia (25-30 fold increase) (9)

Williams syndrome

Caused by duplication of same region (14)

Poor growth in 7/12 cases (14)

Hyperactivity, attention deficits, anxiety, depression, seizures,
speech problems, impulsivity (14—16)

Case report of autism (17)

Case report of Asperger syndrome (18)

Two cases of autism (19)

No duplications in 190 schizophrenia patients (20)

Williams-region duplications

Caused by deletion of over 25 genes at 7q11.23; effects from
CYLN2, GTF2I,GTF2IRD1,LIMK1 (21-24)

Undergrowth (25)

Feeding difficulties (26)

Better verbal than visual-spatial skills (21,27)

Hypersociability, fascination with faces (26)

High rates of anxiety and phobias (over 50% of cases) (29,30);
presence of autistic traits is controversial (31)

Klinefelter syndrome

Caused by duplication of same region (32)

Growth highly variable, but head size appears relatively large (32)
Seizures (32)

Severe language impairment, visual-spatial skills spared (32)
Very high rates of autism and autistic behavior (32,33)

Turner syndrome

Usually caused by 47, XXY, in males; increased expression of
pseudoautosomal-region 1 genes and other non-X-inactivated
genes (34,35)

Low birth weight (36)

Dyslexia (37)

Poor verbal skills, preserved visual-spatial skills (35,38)

High rates (4- to 10-fold increase) of schizophrenia; also high
rates of schizoaffective disorder schizotypy, bipolar, anxiety,
depression (35,39,40)

Usually caused by 45X, in females; haploinsufficiency of
pseudoautosomal-region 1 genes (41,42)

Low birth weight, adult stature (43,44)

Hyperlexia (45)

Good verbal skills, impaired visual-spatial skills (38,44)

Gaze aversion (46)

High rates (over 100-fold increase) of autism and autistic traits
with intact X maternally derived (47,48)

Reduced incidence of schizophrenia plus bipolar (49)

Table R1 References. The most recent and most comprehensive references are provided here, and more complete documentation can be
found in the reference lists of these publications: (1) Gropman et al. (2007), (2) Smith et al. (2005), (3) Sarimski (2004), (4) Smith et al.
(1998), (5) Bersani et al. (2007), (6) Dykens et al. (1997), (7) Girirajan et al. (2006), (8) Potocki et al. (2007), (9) Gothelf (2007), (10)
Meechan et al. (2007), (11) Weinzimer et al. (1998), (12) Bearden et al. (2001), (13) Lajiness-O’Neill et al. (2006), (14) Ensenauer et al.
(2003), (15) Yobb et al. (2005), (16) Alberti et al. (2007), (17) Mukaddes & Herguner (2007), (18) Hassed et al. (2004), (19) Marshall et al.
(2008), (20) Brunet et al. (2008), (21) Tassabehji (2003), (22) Gray et al. (2006), (23) Edelmann et al. (2007), (24) Young et al. (2008), (25)
Martin et al. (2007), (26) Sugayama et al. (2007), (27) Vicari et al. (2004), (28) Doyle et al. (2004), (29) Dykens (2003), (30) Leyfer et al.
(2006), (31) Lincoln et al. (2007), (32) Berg et al. (2007), (33) Depienne et al. (2007), (34) Vawter et al. (2007), (35) DeLisi et al. (2005),
(36) Ratcliffe et al. (1990), (37) Geschwind et al. (2000), (38) Money (1993), (39) van Rijn et al. (2005), (40) Boks et al. (2007), (41) Zinn
et al. (2007), (42) Lynn & Davies (2007), (43) Wisniewski et al. (2007), (44) Kesler (2007), (45) Temple & Carney (1996), (46) Lawrence
et al. (2003), (47) Skuse et al. (1997), (48) Crespi (in press b), (49) Mors et al. (2001).
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autism in Simpson-Golabi-Behmel syndrome, which is
caused by loss of function of the X-linked GPC3 gene
and involves prenatal and postnatal overgrowth (Rodri-
guez-Criado et al. 2005). Fragile X syndrome also, of
course, involves loss of function for a key X-linked gene,
as well as overgrowth and high rates of autism.

R2.2. Angelman and Prader-Willi syndromes

Angelman and Prader-Willi syndromes are, like Beckwith-
Wiedemann and Silver-Russell syndromes, “sister syn-
dromes” mediated by diametric alterations to imprinted
regions, in the same general way that the sister syndromes
described earlier are mediated by diametric alterations to
gene copy number for a genomic region. The main differ-
ence is that for imprinted regions, gene expression can be
doubled or lost for the affected regions, as opposed to
alterations to a haploid or triploid state for autosomal
non-imprinted genes. Both forms of variation are the
closest we will ever achieve to human equivalents of
mouse models (such as gene knockouts), which have pro-
vided many key insights into developmental mechanisms,
as described by Burne et al.

Several commentators have raised Angelman and
Prader-Willi syndromes to rather exalted status in the expo-
sition and support of our theory, calling them a “corner-
stone” (Davies & Isles), “central dogma” (Fitzgerald &
Hawi), or “conceptual core” (Dickins et al.). We consider
them not nearly so central or crucial, but Prader-Willi syn-
drome in particular has provided us with clear insights into
linkages among imprinted genes, neurological function,
behavior, and psychiatric disorders (Haig & Wharton
2003; Crespi, under revision). For example, Prader-Willi
syndrome teaches us about how multiple genetic and epige-
netic causes can generate the same or a very similar pheno-
type: Hence, this syndrome (or most of its major features)
has been associated with a large suite of different indepen-
dent genetic and epigenetic causes, many of which are
known or believed to involve imprinted genes, hypothala-
mus dysfunction, or both (Crespi, under revision). Now
imagine such Prader-Willi genetic deviations and pheno-
types on a much smaller scale, and bereft of pathology: a
small, complacent baby with gentle suck and little cry, chan-
ging upon weaning to a relatively independent child who
seeks his or her own food (Haig & Wharton 2003), and
perhaps also engages in other maternally undemanding
pursuits, such as jigsaw puzzles (Dykens 2002). We have
posited a smooth genetic and phenotypic continuum
between an easy child physiologically and socially and, in
extrema, a child who, like one with Prader-Willi syndrome,
matures to face psychosis and depression. Ultimately, as
Haig suggests, the genes will decide — especially, we
might add, genes expressed in the brains of fetuses and
young children.

R3. Integrative analyses of neurodevelopmental
disorders

The diversity of approaches represented by the various
commentators is truly impressive, and it demonstrates
the utility of, for example, evolutionary theory (Haig),
computational biology (Vladusich), animal genetics and
physiology (Burne et al., Davies & Isles), linguistics
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(Frawley), neuroscience (Oberman & Pascual-
Leone), psychology (Kanazawa, Langdon & Brock,
Nettle, Thakkar, Matthews, & Park [Thakkar et al.],
Troisi), and clinical psychiatry (Behrendt, Goos) in
understanding human neurodevelopmental disorders.
The cost of such disciplinary specialization, of course, is
blindness to the whole conceptual and empirical elephant,
an elephant that must be constructed in toto by stitching
parts together to see how well they fit.

These disciplines can be synthesized using the concep-
tual tools of endophenotypes, intermediate phenotypes,
and behavioral phenotypes (Cannon & Keller 2006; Fein-
stein & Singh 2007; Meyer-Lindenberg & Weinberger
2006), whereby traits or mechanisms characteristic of a
given psychiatric condition serve as guides for analyses
downwards to genes and upwards to cognition and beha-
vior. Goos encourages an increased focus on endopheno-
types involving social skills to evaluate imprinting
effects — we concur, but note that mother—offspring inter-
actions involve much more than social skills per se; indeed,
hyperactivity and disrupted sleep impact upon mothers of
children with Angelman syndrome (Barry et al. 2005), and
most actions of infants and children, social or not, are
likely to affect levels of cost imposed on mothers. To evalu-
ate social and nonsocial interactions, and their psychologi-
cal mechanisms, Troisi stresses the ecological validity of
the tests involved; we agree, citing mechanistic gaze-fol-
lowing skills of autistics, which can be mistakenly inter-
preted as mentalistic, as a possible example (Langdon
& Brock) (e.g., Nation & Penny 2008; Senju et al. 2004;
see also Chiu et al. 2008). The key “ecology” here for
imprinted genes is costs and benefits to mother and to
child, which have yet to serve as a focal criterion for psy-
chiatric-behavioral research.

In this analytic context, we reiterate that our hypothesis
predicts alterations in physiology and behavior that are
always adaptive (to either mother or offspring) only for
small deviations in development, cognitive architecture,
and behavior — the larger the deviation, the harder it
becomes to separate adaptation from pathology. The con-
tinuum from dynamic balance, to one-sided adaptations,
and then to pathology in either direction, is illustrated
in different ways in Figures 3, 4, and 5 of the target
article, which may help to address the concerns of
Langdon & Brock and Thakkar et al. regarding the
predicted mentalistic abilities of schizophrenics,
described in more detail later in section R6.2 on hyper-
mentalism. This continuum extends to the molecular
level — for example, the unexpected association between
in utero growth restriction and paternal over-expression
(due to duplication) at 6q24 (Temple & Shield 2002) high-
lighted by Dickins et al. is likely a pathological effect
(Temple, personal communication); the mouse model
for this situation, a knockout of the paternally expressed,
imprinted Zacl gene, shows the pattern of growth restric-
tion predicted by the conflict theory (Varrault et al. 2006).
Separating adaptation from pathology in this context, and
making robust falsifiable predictions, requires suflicient
knowledge of molecular-developmental mechanisms. As
for skepticism regarding the conflict theory itself
(Dickins et al.), we refer readers to Table 1 of Fowden
et al. (2006), which nicely summarizes support in
the only context analyzed comprehensively to date,
placentation.
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Does our hypothesis provide insights into specific, core
phenotypes characteristic of autistic and psychotic spec-
trum conditions, bearing in mind that the heterogeneity
in each spectrum may preclude universal generalizations
(Davies & Isles, Deutsch et al.) and that mentalizing
functions exhibit considerable diversity (Goos, Langdon
& Brock, Troisi)? Psychotic spectrum conditions appear
to almost universally involve better verbal skills than
visual-spatial skills, and indeed this imbalance has been
suggested as an endophenotype for schizophrenia (Kravar-
iti et al. 2006). The only obvious exception of which we are
aware is Klinefelter syndrome (Table R1), which is unique
in involving X-chromosome imbalance. In keeping with
this pattern, we predict better verbal than visual-spatial
skills in bipolar disorder and major depression, as evi-
denced by the literary and artistic prowess of some individ-
uals with these conditions described further on, but
apparently not yet tested with robust psychological tools.
Some verbal skills can be mechanistic, as seen in Asper-
ger’s syndrome and autistic hyperlexia, but to the extent
that social verbal abilities form a core of mentalistic cogni-
tion, this pattern fits well with an autistic-psychotic
continuum.

The primary phenotype common to autistic—spectrum
conditions is more or less temporary childhood over-
growth for metrics of body size, head size, or both, being
found in idiopathic autism (Hobbs et al. 2007; Mraz
et al. 2007; van Daalen et al. 2007; Webb et al. 2007;
Xiong et al., in press; and citations in target article), and
in the autistic conditions Fragile X syndrome (Chiu et al.
2007; Terracciano et al. 2005), PTEN mutations (Butler
et al. 2005), RNF135 mutations (Douglas et al. 2007),
and 22q13 deletion syndrome (Bonaglia et al. 2006).
Sotos and Weaver overgrowth syndromes also show
notable evidence of autistic behavioral phenotypes (de
Boer et al. 2006; Derry et al. 1999; Mouridsen &
Hansen 2002; Rio et al. 2003; Sarimski 2003; but see
also Compton et al. 2004), and tuberous sclerosis may
also involve macrocephaly (Fidler et al. 2000). The main
exceptions here are Angelman and Rett syndromes,
although a mouse model of Angelman syndrome shows
some evidence of general overgrowth (Johnstone et al.
2006). The perceptual, developmental, and computational
perspectives of Belmonte, Oberman & Pascual-Leone,
van Rijn, Swaab, & Aleman (van Rijn et al.), and Vla-
dusich provide insights into potential links between early
brain or general overgrowth, increased local to global pro-
cessing (or increased bottom-up compared to top-down
processing), and autistic cognition. The links of over-
growth to a paternal bias in imprinted gene expression
have been amply demonstrated in mouse models, and in
some human genomic conditions such as Beckwith-Wie-
demann syndrome, which has — since after completion
of our target article — also been demonstrated to involve
an elevated incidence of autism (Kent et al., in press).

Our theory is perhaps least developed thus far in
drawing connections between mechanistic versus menta-
listic cognition and phenotypes, such as growth and beha-
vior, that impose more rather than fewer costs on the
mother. For example, as described by Dickins et al.,
Goos, and Troisi, selfish behavior can be mentalistic or
mechanistic, perhaps associated in psychopathy with
quite different sources of social isolation and deficits in
empathy. A role for imprinting effects in selfish, egocentric

behavior per se should be restricted to mother—offspring
interactions (or other classes of asymmetric relative,
though less clearly; see Haig) — but once such a brain
develops in childhood, as in Asperger syndrome, it
cannot be expected to change fundamentally with increas-
ing age. The clearest connections between mechanistic
cognition and selfishness may be tendencies in autism to
treat people as “things,” and to develop nonsocial skills
in science and engineering (Badcock 2008; Wheelwright
& Baron-Cohen 2001). But are healthy children who are
“easy” on mother also more mentalistic? Nettle’s hypoth-
esis that more mentalistic mates may, like a Williams-syn-
drome child, be more empathic, sensitive, and solicitous to
one’s wants and needs may translate into a mother—off-
spring context, although we still expect parent-offspring
conflicts mediated by non-imprinted genes.

R4. Similarities between autistic- and psychotic-
spectrum conditions

Our exposition of autistic- and psychotic-spectrum con-
ditions as diametric has raised the issue of their apparent
similarities, a topic that traces back to Bleuler’s coinage
of “autism” as a facet of schizophrenia. Thus, Burne
et al. note that paternal age and prenatal infections influ-
ence both autism and schizophrenia risk; Davies & Isles
describe how attention and inhibitory processes are dys-
functional in both sets of conditions; and Venkatasubra-
manian references papers on similarities between autism
and schizophrenia in IGF-1 levels, digit ratios, and corpus
callosum size. Aside from phenotypes involving physiologi-
cal and morphological traits, which must be decided based
on weight and quality of all the evidence (as we have
attempted, and as Voracek kindly provides for digit
ratios), evaluation of similarities must focus on whether
they are only apparent, or, instead, reflect underlying simi-
larities in etiology that stretch from genes to neurodeve-
lopment and cognition.

R4.1. Paternal age

Paternal-age effects on autism and schizophrenia risk have
indeed been well documented (Cantor et al. 2007;
Laursen et al. 2007), and diverse evidence suggests that
dysregulation of imprinted genes, which results in either
a maternal or paternal expression bias, may mediate
such links (Crespi 2006; Perrin et al. 2007; Reichenberg
et al. 2006). Direct tests, involving quantification of how
genomic, genetic, and epigenetic changes increase with
age in sperm cells, are required to evaluate this matter
further.

R4.2. Infection and intrauterine growth

The influences of prenatal maternal infection on brain
development, and risk of schizophrenia or autism (Burne
et al.), are strongly affected by the timing of infection
during pregnancy (Mednick et al. 1994; Meyer et al.
2007). Based on these data, we expect that differences in
the timing of prenatal infection, for the same infectious
agent, should differentially affect the risk of autism and
schizophrenia; for example, first-trimester infections may
predispose to autism, while the same infection in the
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second trimester may increase schizophrenia risk (Fatemi
et al. 2008). Prenatal resource deprivation should, given
our expectation of overgrowth in autism and undergrowth
in schizophrenia, also differentially lead to increases in the
latter condition. For example, a study of 2 million Swedish
children born between 1963 and 1983 revealed a significant
link between schizophrenia and poverty in childhood. Those
with four out of five measured indicators of hardship had an
almost threefold greater risk of schizophrenia than those
with none (Wicks et al. 2005). Clearly, such findings would
fit our paradigm of psychosis being a possible consequence
of restricted growth and would predict that such develop-
mental insults would not be found to predispose towards
autism. Oberman & Pascual-Leone suggest a role for a
different form of environmental effect in autism: recent
increases in sensory stimulation during childhood — might
secular trends of increasing infant birth weight, due to
higher nutrient levels, likewise be involved in recent appar-
ent increases in rates of autism?

Our interpretation of psychosis being a consequence of
enhanced maternal rather than paternal brain function
would also fit the suggestion that schizophrenia may some-
times be caused by infection with the protozoan parasite
Toxoplasma gondii (Webster 2007; Webster et al. 2006;
Yolken & Torrey 2008). People infected with T. gondii
(between 15% and 80%, depending on the population)
are three times more likely to suffer from schizophrenia
than those not infected, and so too are cat-owners. The sig-
nificance of the latter may lie in the fact that the parasite
can only complete the reproductive phase of its life-cycle
inside a cat. It achieves this by causing its principal car-
riers, rats and mice, to lose their fear of cats, and so be
much more likely to be eaten by one. Inside the rodent’s
brain, the parasite attacks the amygdala, which plays the
same role in triggering fear reactions that it does in
humans. But when infected rats are treated with anti-psy-
chotic drugs like those given to human schizophrenics, the
rats’ fear of felines returns. Men with Toxoplasma infection
tend to be more reckless than normal, and infected people
of both sexes are almost three times more likely to be
involved in car accidents, and have measurably slowed
reaction times (Ginsburg 2004; Randerson 2002). The
finding that in mice paternally expressed imprinted
genes are differentially expressed in limbic system com-
ponents like the amygdala and hypothalamus (Coan
et al. 2005; Keverne et al. 1996) combined with the suspi-
cions about T. gondii and schizophrenia in humans,
suggests the intriguing possibility that an explanation
may lie in the parasite suppressing paternal brain
systems like the amygdala to produce an overall prepon-
derance of maternal brain function, which we have
argued could be a fundamental basis of psychosis in
general and of schizophrenia in particular. Similar con-
siderations may apply to cytomegalovirus, which has
been reported to differentially affect the limbic system in
humans (Yolken & Torrey 2008).

R4.3. Cognitive traits

Cognitive, behavioral, and psychiatric similarities between
autism and schizophrenia, such as attentional and inhibi-
tory traits (Davies & Isles) but especially negative
symptom schizophrenia (Thakkar et al., Tordjman,
van Rijn et al.) are, we believe, apparent and superficial
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rather than indicative of any common underlying
genomic and neurodevelopmental etiologies. Virtually all
of these latter similarities are based on behavioral and
psychological data, and we challenge critics to find any
clear neurodevelopmental evidence connecting these
two conditions. As described by Tordjman, all of the
traits most characteristic of negative symptom schizo-
phrenia, “such as affective flattening, alogia, avolition,
apathy, anhedonia, and poor communication,” involve
absences of traits that can be attributed to pathology,
which cannot be taken as strong evidence of common
etiology. As regards the causes of apparent similarities, Jir-
vinen-Pasley et al. (2008) cogently remark that “equivalent
behavioral scores may mask distinctly different cognitive
processes,” and Skuse (2007) contends, with regard to
autism, that “in the absence of independent evidence of
aetiology, symptomatic phenotypes reflect primarily the
characteristics of the instrument used to measure them.”
Thakkar et al. in particular motivate us to further discus-
sion of negative symptom schizophrenia, in addition to
our model for its presence as a pathological effect of
highly dysregulated neurodevelopment (Fig. 6), mediated
in part by imprinting. This model is supported, for
example, by associations between the presence and sever-
ity of negative symptoms in schizophrenia and increased
loss of gray or white matter (especially in the prefrontal
and temporal lobes; e.g., Sanfilipo et al. 2000; Turetsky
et al. 1995; Wible et al. 2001), in striking contrast to
greater retention of gray matter with age in Asperger syn-
drome, compared to controls (McAlonan et al. 2002).
Frawley describes an instructive case of how functionally
similar deficits (here, in private speech development) can
arise from fundamentally different mechanisms in autism
and schizophrenia. We expect that analogous studies will
successfully fractionate other superficially similar dysfunc-
tions of the social brain into autistic versus psychotic
etiologies.

Klinefelter, Prader-Willi, and velocardiofacial syn-
dromes exhibit clear biological links with schizophrenia
and other psychotic-spectrum conditions but essentially
no biological links with autism. Nevertheless, this suite
of neurogenetic conditions has been considered to
belong to the autism spectrum (or at least to comprise
autistic symptoms) as a direct consequence of interpreting
negative symptom schizophrenia and autism as closely
related conditions. We consider this perspective to set psy-
chiatry back intellectually nearly one hundred years to the
days of Bleuler, and to deny Kanner’s and Asperger’s revo-
lutionary insights into autism as a condition fundamentally
separate from schizophrenia.

Perspectives and research programs based on identify-
ing and characterizing specific deficits provide a limited
conceptual framework, as do psychological theories of
autism or schizophrenia (e.g., Behrendt); what we ulti-
mately need are ways to connect across levels, from
genes to neurodevelopment, morphology, physiology, psy-
chology and cognition.

R5. Differences between autistic- and psychotic-
spectrum conditions

Fitzgerald & Hawi are correct in saying that another
article could be written on the similarities between what
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we are calling autistic- and psychotic-spectrum disorders,
and we would be happy to write a commentary on such
an article. But just as the similarities between males and
females can hardly be expected to reveal the important
biological fundamentals of sex differences, so such an
article would not reveal the underlying mechanisms
which, in our view, explain the essential differences
between these disorders. Our commentators have
touched upon a suite of such developmental, cognitive,
behavioral, and epidemiological differences that uncover
new diametric patterns salient to our hypotheses and
provide novel insights into the causes of autistic- and psy-
chotic-spectrum disorders.

R5.1. Age of onset

The concepts of hypo- and hyper-mentalism facilitate
understanding of the general issue raised by Behrendt
and van Rijn et al., that classical autism is a disorder
with invariable onset in childhood, whereas schizophrenia
is very much a late adolescent- or adult-onset one (with the
childhood-onset schizophrenia mentioned by Tordjman
being very rare, and even then appearing later than
autism; Frith 1992; Jacobsen & Rapoport 1998). The
reason could simply be that no one could develop the
characteristic hyper-mentalism of psychosis without first
developing a more normal level of mentalism — evidently
something which usually takes the whole of childhood
and the greater part of adolescence to achieve. It has
already been suggested that schizophrenics may have an
intact ability to mentalize right up to their first breakdown
(Frith 1992), and Langdon has pointed out that if children
who later develop schizophrenia had failed to acquire a
normal theory of mind, they would have come to the atten-
tion of clinicians long before the onset of their illness
(Langdon 2005). Clearly, this is predictable if schizo-
phrenic symptoms represent pathological extensions of
mentalism far beyond the normal range. But if autistics
are symptomatically hypo-mentalistic, this would imply
that they had never completed the normal process of
mental development, but stopped short long before at
some point in childhood (or perhaps regressed back to
it). In any event, autistic symptoms would show in child-
hood, and psychotic ones would not be seen fully devel-
oped until later — which is exactly what we normally find.

R5.2. Fertility

No one has questioned our expectation of lower fertility of
parents with relatively autistic children, but Keller has
requested additional exposition on data regarding fertility
in schizophrenics and their first-order relatives. The
primary upshot of this short review of evidence is that
two studies demonstrate statistically significant higher fer-
tility of sisters of schizophrenics, with one of these studies
showing such an effect only for schizotypal sisters (Bassett
et al. 1996; Haukka et al. 2003). As we and Keller also
note, other studies show a mix of lower or equal fertility
of sibs, and equal or higher fertility for parents, which
may be attributed to either the effects that we posit, or,
as we describe, to environmental consequences of
sibship size. Combined, average brother-sister fertility
(Haukka et al. 2003) is irrelevant, as are any other specific,
absolute measures, because such studies provide only

cross-sectional data broadly suggestive of long-term evo-
lutionary processes (Crespi 2006). Additional demo-
graphic studies of fertility in sibs, parents, and offspring
of schizophrenics that control for environmental effects
are certainly required for robust tests, but we suggest
that Type I error is unlikely to afflict two independent
studies, both providing data that fit closely with our
model of sex and fertility effects in psychotic-spectrum
conditions. With regard to predictions from Kanazawa
of offspring sex ratios produced by individuals on the autis-
tic and psychotic spectra, we would be concerned about
effects from stoppage on the autistic side biasing the
data, as well as the converse — the bearing of daughters
leading to increased family size, given their apparent
lower costs of rearing (Rickard et al. 2007).

What is perhaps most interesting about the demo-
graphic data just mentioned is that, combined with data
on lower birth weight and growth in schizophrenia, they
dovetail so nicely with Nettle’s hypothesis of female
mate choice for “healthy” schizotypy. Thus, under both
parent-offspring conflict theory and the conflict theory of
imprinting, mothers (and maternal genes) are selected
for the bearing of smaller, less-demanding offspring,
which permits higher fertility. As Nettle suggests, there
may be selection for females to choose mates on the
basis of such traits in children — and for higher fertility.
This hypothesis is speculative, but its components are fal-
sifiable, and it gains plausibility from the strength of selec-
tion on mate choice and on maternal-offspring
interactions.

R5.4. Inner and private speech

Frawley describes a striking new example of apparent dia-
metric differences between autism and schizophrenia: by
his hypothesis, inner speech stays inner in autism, and
private speech is underdeveloped; whereas in psychosis,
private speech becomes hyper-developed into elaborate
social themes involving auditory hallucinations. Jones
and Fernyhough (2007) point out that auditory hallucina-
tions in schizophrenia exhibit precisely the same manifes-
tations as private speech in typically developing young
children, thus providing a clear explanation, convergent
with ours, for their social-developmental forms and con-
tents. These considerations of inner and private speech
highlight the role of Vygotsky as an intellectual father of
the social brain hypothesis, and indeed of parent-offspring
conflicts (Crespi, in press a); for example, Bentall (2003a,
p. 196) paraphrased Vygotsky (1962) in noting that:
During this stage [of early childhood], the child and adult are
constantly issuing instructions or asking questions of each
other so that, for the child, the whole process of speaking
becomes bound up with attempts by the two parties to
control each other’s actions.
Crespi (2007) describes recent evidence that genes under-
lying the development of speech, as a sociality-manipula-
tive organ of the social brain, may also be subject to
effects from imprinting.

R5.5. Religion

We endorse Kanazawa’s remarks about religion here and
in other works (Badcock 2004; 2008; in preparation), and
he points out an obvious but counterintuitive prediction

BEHAVIORAL AND BRAIN SCIENCES (2008) 31:3 291



Response /Crespi & Badcock: Psychosis and autism as diametrical disorders of the social brain

implied by the contention that autistic pathology is diame-
trically opposed to hyper-mentalism. This is that autistics
ought to be much less religiously, magically, and supersti-
tiously minded than normal. Although few studies have
been done, what is known about autistics” attitude to reli-
gion bears out this expectation. For example, in their
analysis of the legal proceedings which provide much of
the evidence for their retrospective diagnosis of Hugh
Blair of Borgue (1708/9-65) as an autistic, Houston and
Frith comment that:
It follows that a lack of theory of mind restricts a religious sense
... for this reason the question posed by the judges: “Did
Hugh Blair have a sense of God?” can be interpreted as analo-
gous to the question posed by modern psychologists: “Did
Hugh Blair have a theory of mind?” (Houston & Frith 2000,
pp. 164-65)
These authors point out that the final verdict of the court
implies that the judges did not believe that Hugh had the
same sense of God as other members of the community,
and they conclude that this matches their interpretation
of Hugh having a diminished awareness of mental states
One of the very few studies that has considered the evi-
dence for religious feelings in autistics concludes that reli-
gion in autism is entirely different from that in normal
experience (Bering 2002). Because autistics have difficulty
interpreting the meaning attached to social behavior and
therefore probably cannot rely on a theory of mind to
explain their experiences, their religious beliefs cannot
attach to core representations of mental agency. The reli-
gious beliefs of people with autism could therefore be seen
as sliding into conceptual slots provided by what we would
term mechanistic cognition — even those, such as concepts
of supernatural agents, that are traditionally relegated to
what we would call mentalism. Consequently, superna-
tural agents such as God are perceived as behavioral
rather than intentional agents (Bering 2002). For
example, an account of the religious belief of one high-
functioning autistic observes that the person concerned,
“Simply could not cope with spirituality when it was
seen as the collective considerations of others. ...
[O]wing to the specific nature of his cognitive and
emotional impairments he had found it very difficult to
engage either in the theological or the philosophical
debate that occurred in the traditional construction of reli-
gious practice” (Isanon 2001, p. 75). Again, a mother of
two autistic sons remarks that her boys “don’t turn to
God as a way of navigating life’s difficulties,” adding that
when one of them “was (inappropriately) attending a
mainstream primary school, his report simply said, ‘Reli-
gious Knowledge: not applicable™ (Moore 2004).
According to our view, superstition is another
expression of hyper-mentalism. But the fact that no less
an anti-mentalist than B. F. Skinner once published a
paper entitled, “‘Superstition” in the pigeon” (Skinner
1948), suggests that we might distinguish between super-
stitious behavior — which, if found in a pigeon could cer-
tainly be expected in autistics — and superstitious belief,
which is what we would expect in more mentalistically
minded people. Although no studies of autistic supersti-
tion have been done to our knowledge, our theory makes
a clear prediction: As in the case of religion, autistics
should show mainly superstitious behavior, with little or
no mentalistic elaboration like that typically seen in articu-
late psychotics (Badcock, in preparation). Indeed, this
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might answer Fitzgerald & Hawi’s observation that indi-
viduals with high-functioning autism may show fixed and
rigid beliefs reminiscent of delusions observed in psycho-
sis. Clearly, the typical autistic tendency to stubbornly
focus on narrow interests, to resist change, and to be
impervious to criticism could explain the superficial simi-
larity of such delusions to those of psychotics; but, to the
extent that those delusions were superstitious in content,
we would expect them to be more pigeon-like than para-
noid in any true sense. No matter what the content,
however, our theory predicts that the delusions of autistics
should be much less mentalistically elaborated than those
of psychotics.

Finally, we wholly concur with Kanazawa’s point about
women and religion, and would only add that the same is
true of magical and superstitious thinking. For example,
women usually show stronger belief than men in extra-
sensory perception (especially telepathy and precognition)
and in superstition (specifically, in astrology, ghosts,
psychic healing, and reincarnation) (Irwin 1993). Self-
transcendence is one well-validated personality measure
of mystical tendencies on which women have been
found to score 18% higher than men (Hamer 2004,
p- 36), and many other measures show a comparable sex
difference in attitudes towards the supernatural. In the
words of Nick Humphrey, the explanation may be that
“it is women who arguably have the greater sensitivity to
human personal relationships—and who, as every contem-
porary survey shows, tend to be surest that the scientific
picture of the world is incomplete” (Humphrey 1996,
p. 51). If we add that science is incomplete because it is
notably  hypo-mentalistic — and even anti-mentalis-
tic — we can begin to see why the alternative to the
mechanistic, scientific view of reality should so often be
seen as the mentalistic, and indeed, hyper-mentalistic
one enshrined in magic, superstition, and religion

(Badcock 2004; in preparation).

R5.6. Savantism and extraordinary skills

Much the same point as made for religion in the preceding
section might answer Nettle’s question about why what
we term mentalistic, rather than mechanistic, skills are
attractive to women. Notwithstanding the ingenious sug-
gestion he derives from our theory, it might simply be
that mentalistic excellence is inherently more appealing
to the more mentalistic sex. But however that may be,
both Nettle’s and Fitzgerald & Hawi's comments raise
an issue about creativity to which we would like to
suggest a new kind of answer, based on our concept of a
mentalistic continuum running from autism to psychosis.
This is the suggestion that, if there are autistic savants — as
there indeed are (Hermelin 2001; Treffert 2000) — then
there also might be psychotic savants.

Autistic savantism is characterized by outstanding, if iso-
lated, mechanistic skills or expertise set against a back-
ground of general mentalistic deficits. Accordingly, we
might predict that psychotic savantism should show the
exact opposite cognitive configuration: remarkable, if
perhaps highly circumscribed, mentalistic talents coexist-
ing with more general mechanistic deficits. By this term
we do not mean to suggest that the savants in question
are in fact psychotic, only that their cognitive configuration
puts them on the psychotic side of the mentalistic
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spectrum. Nevertheless, the symmetry cannot be exact.
For a start, the normally sad plight of autistics reminds
us that mentalistic deficits are typically much more signifi-
cant socially and have an enormous impact on people’s
personal relationships in a way in which mechanistic defi-
cits seldom if ever do. Not being able to program the
video, change a plug, or read a map is one thing, but
failing to understand other people’s motives, actions, and
intentions is quite another — and much more damaging
from a social point of view. Hyper-mentalistic tendencies
of the kind seen in psychotic savants might normally
promote a person’s social adjustment because of the skill
these consummate mentalists have in manipulating
others and exploiting them thanks to their natural
empathic understanding — particularly of other people’s
weaknesses. Consequently, psychotic savants are likely to
be identified at worst as cranks or charlatans rather than
psychopaths, and at best we should not expect psychotic
savants to be as noticeable as autistic ones usually are, or
as readily diagnosed as such.

Again, the areas of expertise involved in psychotic
savantism might not be so obviously striking as calendar-
calculation, photographic memory, or computer-like
maths skills are. By contrast, hyper-mentalistic savantism
might be expected in skills and areas of expertise that
are much closer to normal social life and everyday con-
cerns. Examples might be outstanding achievement in reli-
gious and political evangelism; literary and theatrical
culture; litigation and the law; hypnosis, faith-healing,
and psychotherapy; fashion, advertising, and public
relations; and commerce, confidence-trickery, and fraud
of all kinds.

Where literature is concerned, female poets have been
as notable as female writers of detective fiction (see our
reply to Thakkar et al. further on), thanks perhaps to
the verbal, metaphorical, and abstract nature of the
written word. Moreover, and as Fitzgerald & Hawi
hint in their general comment about bipolar illness,
there is now good evidence that many of the world’s
leading poets of both sexes have shown signs of psycho-
tic-spectrum disorders, most notably manic-depressive ill-
nesses. A study of all major British and Irish poets born
between 1705 and 1805 found a strikingly high rate of
mood disorders, suicide, and institutionalization within
this group of writers and their families (Jamison 1993),
and Nettle (2006) reported that poets and artists have
“levels of unusual experiences that are higher than con-
trols, and as high as schizophrenia patients” (p. 876). As
noted by Jamison (1993), “manic-depressive illness,
unlike schizophrenia or Alzheimer’s disease, is not a
dementing illness. It may on occasion result in episodes
of acute psychosis and flagrant irrationality, but these
bouts of madness are almost always temporary and
seldom progress to chronic insanity” (Jamison 1993,
p. 96). Consequently, as in the perhaps parallel but men-
talistically opposite case of Asperger’s savants (Fitzgerald
2005), psychotic savants with a manic-depressive cognitive
configuration may be sufliciently normal most of the time
to be able to realize the advantages of their extended
mentalism without being too disabled by it (e.g., Claridge
et al. 1990). Indeed, even some features associated with
the manic side of bipolar disorder, such as outgoingness,
increased energy, intensified sexuality, increased risk-
taking, persuasiveness, self-confidence, and heightened

productivity might contribute to success in many walks
of life as long as they were not taken to extremes
(Jamison 1993, p. 87). Even depressive episodes may con-
tribute in view of the finding that mildly depressed people
may be more realistic and objective than non-depressed
ones (Taylor & Brown 1988). This might explain why
three quarters of studies report a link between manic-
depressive illness and the professional or upper classes
across several cultures and in different historical periods
(Jamison 1993, p. 86). If autistic tendencies have contrib-
uted to mathematics, science, and technology, mentalistic
ones have also clearly done so as far as literature, art, reli-
gion, and society are concerned.

Thakkar et al. also ask, “is there room for Sherlock
Holmes in C&B’s spectrum?’ Indeed there is, but an
even more telling question might be whether there is
also a place for Miss Marple. A number of authors have
already noted Holmes’s autistic traits and the critical role
they play in his success as a detective (U. Frith 2003;
Rennison 2005, p. 10). Indeed, Fitzgerald has described
him as one of the most notable fictional portrayals of an
Asperger’s savant (Fitzgerald 2005, p. 85). However, it
has been pointed out that Miss Marple, another of the
immortals of detective fiction, “is in every way the oppo-
site” of Holmes or Agatha Christie’s other famous creation,
Hercule Poirot, “and has no autistic traits at all: she solves
crimes by intuition, immersing herself in the context
without analytic deduction” (U. Frith 2003, p. 24). Could
this be because Miss Marple is female, and therefore
likely to be of a more mentalistic turn of mind, as
described in our reply to Kanazawa? If so, then both
mentalistic and hyper-mentalistic aspects can be found
fused with autistic ones in what is perhaps the most dis-
tinctive literary genre of modern times: the detective
story. This apparent pattern may explain why thrillers
are so endlessly fascinating and why detective fiction has
emerged as such a major factor in modern literature.
Could it be that, rather than adopt a safe, central,
normal mix of mentalistic and mechanistic cognition com-
parable to that found in most people, detective stories
balance hyper-mentalistic paranoid suspicion against
hypo-mentalistic autistic obsession, with conflicting
detail to get the best of both? At the very least, this
would explain why autistic characters like Sherlock
Holmes and highly mentalistic ones like Miss Marple
could both make convincing fictional detectives — and
why so many female writers have made a success of their
detective fiction (Badcock, in preparation).

R6. Mentalistic and mechanistic cognition

R6.1. Sources of mentalistic deficits

Langdon & Brock touch on the issue of mentalistic def-
icits in psychosis and rightly point out that “it all
depends on what one means by mentalizing.” In reply,
we might add that Troisi’s comments on psychopathy
and Williams syndrome highlight the contrast with
Baron-Cohen’s alternative concept of empathizing,
which Troisi notes did not receive much attention in
our original article but which Belmonte sees as
extended and supplanted by our concept of mentalism.
Baron-Cohen describes empathizing as “the drive to
identify another person’s emotions and thoughts, and
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to respond to these with an appropriate emotion”
(Baron-Cohen 2005, p. 468), and he has suggested that
deficits in empathizing are core features of autism
(Baron-Cohen 2002; 2003). But as Troisi says, the fact
that the empathic deficit in psychopathy is not associ-
ated with any other deficit in social cognition clearly
contradicts the contention that such deficits critically
characterize autism. On the contrary, as he observes,
individuals with Williams syndrome show abnormally
high levels of empathy combined with a defective
theory of mind, again suggesting that empathizing defi-
cits cannot be the central factor in autism. However,
neither psychopathy nor Williams syndrome contradict
our belief that in ASD, mentalism as defined here is
underdeveloped, and that in psychosis, it is hypertro-
phied. According to our view, Troisi is correct in imply-
ing that psychopathy represents a normal or better-than-
normal development of mentalism except for its
empathizing element, which is pathologically absent,
and that Williams syndrome represents the exact con-
verse: spared empathizing ability but with notable defi-
cits in other aspects of mentalism. In other words, our
contention is that, while mentalism includes empathiz-
ing as an important element, the concept embraces
much more and is closer to Baron-Cohen’s earlier,
modular model of the social mind (Badcock 2004;
Baron-Cohen 1995).

Langdon & Brock’s comments highlight a further
important aspect of our concept of mentalism. Another
way of describing it would be as our evolved cognitive
system for interacting with other human beings, by con-
trast to mechanistic cognition: the cognitive system
which we evolved for interaction with the physical, nonhu-
man environment (Badcock 2004). This crucial distinction
is highlighted in Langdon & Brock’s discussion of visual-
perspective taking and specifically in Langdon and
Coltheart (2001). Here, we would argue that tasks invol-
ving purely visual perspective-taking should be seen as
mechanistic in contrast to tasks involving mentalistic per-
spective-taking. Indeed, we would point out that the
false-photo task illustrates the former by comparison
with tests of false belief, which represent the latter, and
that although autistics symptomatically do worse than
normal on false belief, they often do as well or better
than normal on the false-photo task (Leekam & Perner
1991; Leslie & Thaiss 1992; Zaitchik 1990). Furthermore,
the fact that autistic artists often show remarkable natural
perspective skills and are good at guessing how a scene will
appear from another viewpoint, underlines the point that
some of the skills assessed in the cases cited by Langdon
& Brock might not be mentalistic and consequently do
not provide evidence against our view (Grandin &
Johnson 2005, p. 300). Alternatively, one could interpret
their results as confirming the mentalistic/mechanistic
distinction — not to mention that, just as our theory pre-
dicts, schizotypals are poor at mechanistic perspective
skills (Langdon & Coltheart 2001). As Belmonte percep-
tively comments, the mentalistic/mechanistic distinction
applies not merely to the social brain, but also to cognition
in general. Indeed, Badcock (in preparation) notes that
sub-tests that show large sex differences are routinely
excluded from standard measures of 1Q (e.g., tests of
mechanical comprehension or “folk physics”), and he
suggests that their inclusion might indicate that there are
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two fundamental types of intelligence, rather than one.
A distinction between conventional 1Q and social or
emotional intelligence has already been suggested
(Marlowe 1986; Salovey & Mayer 1990), but the funda-
mental distinction may be one of mentalistic as opposed
to mechanistic intelligence. Recent studies showing
superior fluid intelligence in autism (Dawson et al. 2007;
Hayashi et al. 2008) accord well with this perspective,
given that such cognitive abilities are abstract, mechani-
cally inferential, and independent of acquired knowledge.

R6.2. Hyper-mentalism

Abu-Akel comments that “The target article discusses
disorders affecting the social brain on “a continuum of cog-
nitive architecture from mechanistic to mentalistic cogni-
tion’ [...] in which autism and schizophrenia are the
extremes.” However, we would add that it also discusses
disorders affecting the social brain on a continuum of ment-
alism understood as our evolved capacity to interpret our
own and others’ behavior in purely mental terms
(Badcock 2008). As such, mentalism goes beyond theory
of mind to include empathy, emotion, self-awareness, and
all other aspects of cognition that could be termed mental
in any sense (Badcock, in preparation). We would strongly
underline and endorse Abu-Akel’s observation that both the
hypo-mentalism of autism and the hyper-mentalism of psy-
chosis can and often do result in mentalistic deficits — an
important point that we have not made sufliciently clear
for a number of commentators. Indeed, we never claimed
that psychotics would necessarily demonstrate superior
mentalistic skills across the board, so to speak, only that
enhanced sensitivity or superior ability might be found in
certain respects, such as sensitivity to direction of gaze
(Langdon et al. 2006b), or to certain types of nonverbal
cues (LaRusso 1978). The fact that symptoms like delusions
of being watched or spied upon can be understood as
pathological sensitivity to gaze, that delusions of being
loved (erotomania) or hated (persecution) can be seen as
hypertrophied interpretations of other people’s intentions,
or that delusions of conspiracies can be understood as
shared attention run amok, does not imply that any of
these instances of hyper-mentalism are necessarily real or
accurate — on the contrary, the whole point is that they
represent bizarre failures of normal mentalistic interpret-
ation. Just as both under-sensitivity and over-sensitivity to
light or sound can be expected to produce impairments in
sight or hearing, so both over-sensitivity and under-sensi-
tivity to mental factors can result in measurable mentalistic
deficits. In the same way that a teacher who had a hyperac-
tive child in the class would not be likely to find that child
doing extra homework, so we should not assume that
hyper-mentalism is simply normal mentalizing, plus some
more. Quite the opposite, excessive mentalizing will result
in outcomes that may at times look very like autistic deficits,
such as avoidance of social contact; misunderstanding of
other’s intentions, emotions, or expressions; inability to
appreciate humour or irony; misuse or underuse of menta-
listic language; and so on.

As a specific example, autistics can often feel that people
are against them and that they are being persecuted, just as
some psychotics do, and such paranoia in both conditions
could be interpreted as indicative of a common underlying
cause (van Rijn et al.). However, the only laboratory study
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undertaken at the time of writing that compared Asperger’s
with paranoid-schizophrenic (and delusional-disorder)
patients found that the low-level paranoid symptoms in
the autistic group arise as a consequence of different mech-
anisms to those involved in psychotic delusions (Craig et al.
2004). Moreover, Blackshaw et al. (2001, p. 158) concluded
that “the paranoia observed in Asperger syndrome . .. does
not appear to stem from the same factors as seen in the
paranoia of people with a diagnosis of schizophrenia,” and
the authors suggest that “the paranoia seen in Asperger syn-
drome is of a different ‘quality to that observed in
schizophrenia. .. . [IJt may stem from a confusion of not
understanding the subtleties of social interactions and
social rules” rather than being seen as part of a “plot”
against them (Blackshaw et al. 2001). Although a recent
report found verbal — but no nonverbal — theory-of-mind
deficits in schizophrenics with persecutory delusions (Har-
rington et al. 2005a), an earlier study which looked specifi-
cally at paranoia concluded that theory-of-mind deficits
were not causal or specific to paranoid delusions. Instead,
its authors suggested that such delusions may be secondary
effects resulting from information-processing overload in
schizophrenics (Drury et al. 1998). Earlier still, Bowler
(1992) used schizophrenics as a control group when he
examined theory-of-mind skills in Asperger syndrome and
explicitly stated that the schizophrenics” social impairment
“does not appear to result from an impaired theory of
mind” (p. 888). Another study — that of Pickup (2006),
cited by van Rijn et al. — found that although higher
scores on a single dimension of schizotypy were associated
with poorer theory-of-mind ability, no association was
found between theory of mind and either total ratings of
schizotypy or ratings of schizotypal traits analogous to the
“behavioral signs” of schizophrenia (Pickup 2006). Further-
more, the same study pointed out that “it could be argued
that poor scores on ToM tasks are related to general deficits
in attention or motivation, lower IQ, higher doses of anti-
psychotic medication, poor memory, and/or greater sever-
ity of illness” (Pickup 2006, p. 178). Finally, a recent meta-
analysis of 32 studies of theory of mind in schizophrenia
which cited Abu-Akel's anticipation of our concept of
hyper-mentalism concluded that a comparison of autistic
and psychotic mentalism from this point of view might be
a promising topic for future research (Sprong et al. 2007).
At the very least, this establishes that a hyper-mentalistic
interpretation of psychotic deficits in theory-of-mind skills
is still an open question; and at best, that we may expect
future research to explore the possibility in a manner not
seen up to now.

R6.3. Psychoanalysis

Behrendt’s commentary is neo-Freudian to the extent
that he implicates “early life experiences” in schizo-
phrenia, describes persecutory delusions as “defences,”
and charts Kleinian “positions” in his figure. A parallel
between behaviorism and autistic hypo-mentalism has
already been drawn (Baron-Cohen 1989), and the
symmetry that we propose between autistic- and
psychotic-spectrum disorders suggests another between
psychoanalysis and hyper-mentalism. Whereas behavior-
ism denied the mind and banished all consideration
of mental content as “unscientific,” neo-Freudian
psychoanalysis anathematized any recognition of the

physical, biological, or genetic basis of the mind as
“un-psychological.” As a result, mentalistic cognition
completely supervened over the more mechanistic core
originally proposed by Freud himself in his instinct
theory (Badcock 2002). Behrendt’s commentary is
clearly more balanced, but does prompt several obser-
vations regarding psychoanalysis.

Behaviorism could never have discovered the distinc-
tive mentalistic deficits that characterize autism
because it ruled the mind out of the question. But the
implication of our theory is that psychoanalytic hyper-
mentalism also disqualifies it from insight into psycho-
tic-spectrum disorders for the contrary reason: the exces-
sive mentalizing of neo-Freudian theory and practice
makes them part of the problem, not a solution to it.
With the benefit of hindsight, traditional psychoanalysis
seems the very worst possible therapy that anyone on
the psychotic side of the mentalistic spectrum could
receive. By encouraging the patient to mentalize random-
ly —in other words, to free-associate, fantasize, and
report their dreams — therapists would be encouraging
the very factor that we argue is a root cause of psychotic
symptoms: mentalizing to excess. At best, this could
hardly help patients with hyper-mentalistic tendencies,
and at worst it might be expected to do real harm.
Indeed, the hyper-reflexive self-observation that Sass
(2001) described as a major characteristic of schizo-
phrenia was institutionalized in psychoanalytic therapy.
Sass quotes a schizophrenic who remarked that “My
downfall was insight. ... Too much insight can be very
dangerous, because you can tear your mind apart.” This
patient did not mention psychoanalysis but seems to
allude to it when he added, “Well, look at the word “analy-
sis.” That means to break apart. When it turns upon the
self, the mind would rip apart” (Sass 2001).

Where disorders at the opposite pole of the mentalistic
continuum are concerned, Freudian child-analysts failed
to understand autism and how it could be treated.
Thanks to their tendency to over-attribute mentalism to
children and to assume an unconscious, repressed foun-
dation for the mind, because of their belief in so-called
infantile amnesia (Freud 1905/1953, pp. 174-76), Freu-
dians of all kinds were in the main blind to the revelation
that autism was a disorder featuring serious mentalistic
deficits.

Some success can be obtained with autistic children by
teaching them to mind-read: in other words, to learn
explicit mentalistic skills (Howlin et al. 1999). If it is
indeed true that psychotics are the opposite of this, and
implicitly over-mentalize where autistics under-menta-
lize, it follows that it might be worth trying the opposite
of psychoanalysis: to teach psychotics the contrary skills
to those prescribed for autistics. There is evidence that
even in normal individuals who have suffered bereave-
ment, avoidance of mentalizing their loss reduced grief
symptoms after 14 months, and most certainly did not
increase them, as conventional Freudian wisdom would
have suggested. Avoiding unpleasant thoughts and
emotions might not be such a bad thing after all
(Bonanno et al. 1995). If so, an obvious therapeutic
experiment would be to try to induce psychotics to be
hypo-reflective — or more autistic, if you like — and con-
sciously to try to avoid reading too much into each and
every thing.
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R7. Sex and imprinting

Kanazawa draws attention to an important difference
between the imprinted brain theory presented here and
the extreme male brain theory of autism originally
suggested by Asperger (1944), and recently fully elabo-
rated by Baron-Cohen (2002; 2003). As Kanazawa rightly
infers, and as Badcock implied in his original suggestion
regarding paranoia as a mentalistic polar opposite of
autism, it might seem that paranoid schizophrenia corre-
sponds to an extreme female brain (Badcock 2004).
However, in the target article we have been careful to
point out that, according to the theory proposed here, psy-
choses-like paranoia represent not so much an extreme
female as an extreme maternal brain, with autism corre-
spondingly being a question not simply of an extreme
male brain, but of an extreme paternal one. Furthermore,
as our Figure 6 suggests, sex-based variation can be held
orthogonal to imprinted-gene variation to give gradations
between four, rather than two, general outcomes.

Keller requests the basis for our contention that the male
brain should be similar to the paternal brain. The answer is
simply that all fathers are male and that both aspects are
associated, via development, physiology, and behavior,
with relatively high demands on the mother. Thus, there is
considerable evidence that sons impose higher costs in ges-
tation and rearing than do daughters (reviewed in Rickard
et al. 2007), and higher demands from paternally expressed
imprinted genes are well established from theory and data,
as described in our target article. A recent article also pro-
vides imaging evidence that the social-brain network of
females engenders higher altruistic cooperativeness than
that of males (Yamasue et al., in press). The partial align-
ments of the paternal brain and male brain, and the maternal
brain with a female brain, should not be seen as conflation,
but as key determinants of human neurocognitive architec-
ture, such that jointly considering a male-female axis and a
paternal-maternal axis (Fig. 6), can successfully explain the
male bias to autism, the female bias to relatively mild psy-
chotic-spectrum conditions, and the relative severities of
autism in females and schizophrenia in males. We agree
with Belmonte that bringing Aristotelian humours and
biles up to date requires the positing of much more
modern axes structuring development, cognition, and
disease risk, which can be sought in the genetic underpin-
nings of interactions between the development of sexual
dimorphism and the effects of imprinting. Here, digit
ratios may provide useful insights given their high heritabil-
ity and documented associations with both sex and
conditions on the autistic and psychotic spectra (Voracek) —
but to progress much further, the pleiotropic genes and
developmental networks underlying digit ratios must be
discerned.

R8. Conclusions

Integrating theory and data in the synthetic analysis of
neurodevelopmental disorders is a goal shared by
perhaps all of the commentators, and ourselves. Like
autism itself, the intellectual underpinnings of this task
tend to lack central coherence, as well as models of how
the world works that are as yet sufficiently robust to
allow efficient, directed progress. We have described
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what we view as a simple, coherent model that makes
novel, falsifiable predictions regarding neurodevelopmen-
tal pattern and process, from genes to behavior. We
believe that the model has survived an intellectual gauntlet
of expert commentators not just intact, but stronger due to
their perspectives and insights. For these we extend our
thanks, as well as our apologies to contributors whose
work we cannot discuss in more detail.

As for the future, at the level of genes, Haig and Davies
& Isles urge caution in the interpretation of genetic data
from complex theory and sketchy empirical knowledge
to date. We agree, but also suggest that full elaboration
of testable theory, even if speculative in parts, provides a
paradigm to target data collection. Animal models are
invaluable to elucidate mechanisms (Burne et al.), but
our exposition helps define their limits: For example, con-
servation of imprinting from mouse to man is only partial
(Glaser et al. 2006; Luedi et al. 2007), and the mentalistic
abilities of rodents, or even chimps (Povinelli 2000), may
differ from ours in kind as well as scope. In silico and
neurological studies, with emphasis on perceptual and
attentional processes affecting development, can more
closely address mechanisms of human cognition (Bel-
monte, Vladusich), but these must ultimately be
connected with psychological constructs. Future psycho-
logical analyses require, as Langdon & Brock and Troisi
suggest, direct comparisons between individuals on the
autistic spectrum and psychotic spectrum engaging in the
same ecologically valid tasks that probe mechanistic
versus mentalistic brain functions. The idea of our brains
being subject to genomic conflicts may rest uneasily with
psychologists, psychiatrists, and neuroscientists whose
tasks are challenging enough already, but this cannot be
helped. Our brains are imprinted, our cognition is not
unitary (Hamilton 1996, pp. 133-35), and our psyches
are adapted to comprehend both people and things.
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