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Abstract

Diagnosis, intervention and support for people with autism can be assisted by research
into the aetiology of the condition. Twin and family studies indicate that autism spectrum
conditions are highly heritable; genetic relatives of people with autism often show milder
expression of traits characteristic for autism, referred to as the Broader Autism Phenotype
(BAP). In the past decade, advances in the biological and behavioural sciences have
facilitated a more thorough examination of the BAP from multiple levels of analysis.
Here, the candidate phenotypic traits delineating the BAP are summarised, including key
findings from neuroimaging studies examining the neural substrates of the BAP. We
conclude by reviewing the value of further research into the BAP, with an emphasis on
deriving heritable endophenotypes which will reliably index autism susceptibility and
offer neurodevelopmental mechanisms that bridge the gap between genes and a clinical
autism diagnosis.

Keywords: autism, broader autism phenotype, social cognition, phenotypic heterogeneity,
endophenotypes
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Introduction

Conditions on the autism spectrum* refer to a set of neurodevelopmental conditions that
are characterised by impairments in social interaction and communication, and by an
atypically restrictive and repetitive repertoire of interests and activities (DSM-IV, ICD10). Early twin studies of autistic disorder, commencing in 1977 by Folstein and Rutter,
and later twin studies using contemporary diagnostic criteria, indicate that autism has a
significant genetic component with a heritability estimate exceeding 80% (Ronald and
Hoekstra, in press). Apart from twin studies, family studies provide clues implicating the
importance of genetic influences on autism. The ‘Broader Autism Phenotype’ (BAP) is a
term describing a group of ‘sub-threshold’ social skills and communication traits and
unusual personality features that are frequently found in the relatives of people with
autism and which are believed to be milder manifestations of traits characteristic for
clinically diagnosed autism (Constantino et al. 2006, Rutter 2000). The BAP concept
derives from observations made in the 1940s by Leo Kanner and Hans Asperger, who
reported behavioural features in parents that were similar in kind to those of their autistic
offspring. For example, in Kanner’s case studies of children with ‘autistic psychopathy’
in 1943, both first and second-degree relatives were selectively described as late
speakers, mildly obsessive and uninterested in people (Kanner 1943). Likewise, Asperger
described a subset of parents of children with autism as withdrawn, pedantic, eccentric
and loners who had problems relating to the outside world (Asperger, translated by Frith
1991). Thus from a very early period, observations suggested that the expression of
*

in this review, the term ‘autism’ is commensurate with ‘autism spectrum condition’ and includes the subcategories: autistic disorder, Asperger syndrome and Pervasive development disorder not otherwise
specified (DSM-IV).
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autistic traits extends beyond the clinical boundaries of autism to include a mild subthreshold expression in relatives, supporting the hypothesis that the aetiology of autism
has a significant genetic component.

It has been over 12 years since the BAP was first comprehensively reviewed (Bailey et al.
1998). In over a decade since this review was written, there have been substantial
advances in the methodological tools used by researchers to study the BAP. In the last 10
years, various researchers (e.g. Baron-Cohen et al. 2001b, Constantino et al. 2006,
Hoekstra et al. 2008) advanced the notion that, rather than a discrete category, the autism
phenotype can be conceptualised as a set of continuous, quantitative traits that merge into
the general population. This has been accompanied by the development of new
psychometric scales, such as the Autism-Spectrum Quotient (Baron-Cohen et al. 2001b)
and the Social Responsiveness Scale (Constantino 2002) which have allowed subthreshold autistic traits to be measured more precisely. The last decade has also seen a
wider availability of brain scanning techniques, which have allowed the structure and
function of the brain to be examined more directly in individuals diagnosed with autism,
their relatives and control groups. The results and conclusions of brain scanning
experiments are also beginning to dramatically improve our understanding of the neural
underpinnings of the BAP. This review therefore provides an up-to-date summary of
research findings on the BAP in the fields of psychology, cognitive neuroscience and
related disciplines.

Measuring and defining the BAP: methodological considerations
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In 1977, Folstein and Rutter’s pioneering study of concordance for autism in
monozygotic (MZ) and dizygotic (DZ) twins provided a pattern of findings consistent
with a broader phenotype for autism (Folstein and Rutter, 1977). Since then, researchers
have explored the BAP using a variety of measures and research designs. Before setting
out the research findings of the different studies, it is important to highlight some key
differences in the methods used. Firstly, several early family studies supporting the
presence of a broader phenotype in the parents and/ or siblings of autistic probands were
heavily reliant on qualitative, categorical data collected from observational reports and
interviews (e.g. Bolton et al. 1994, Gillberg 1989, Landa et al. 1992, Piven et al. 1994,
Piven and Palmer 1997, Wolff et al. 1988). These studies used a discrete measure of the
BAP; similar to a discrete autism diagnosis, the BAP was either present or absent. With
the development of scales such as the Autism-Spectrum Quotient and the Social
Responsiveness Scale, the characteristics of the BAP can now be assessed quantitatively.

As well as a shift from dichotomous to quantitative measures, methodology has differed
in terms of which participants are included in studies on the BAP. Most studies focus on
relatives of people with autism who do not have a clinical autism diagnosis themselves.
As such, they are clinically ‘unaffected’ with autism. However, not all studies have
excluded affected relatives (e.g. Virkud et al. 2009), making it difficult to evaluate
whether average elevated autistic traits can simply be ascribed to this clinical subgroup of
the sample (see Hoekstra and Wheelwright 2010 for discussion). Some studies analyse
the BAP in the infant siblings of children diagnosed with autism. For example, Holmboe
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et al. (2010) explored attentional disengagement and selective inhibition problems in
infant siblings of autistic probands. Other studies focusing on ‘at-risk’ infant siblings
include Cassel et al. (2007), Merin et al. (2007), Presmanes et al. (2007) and Toth et al.
(2007) (see Table 1 on pages 96-98, which summarises a range of research studies
examining autistic traits in the infant siblings of autistic probands). Whilst components of
the autism phenotype can be found in this experimental group, it is not clear whether
these are features of the BAP or early indicators of the full autism phenotype, since a
reliable autism diagnosis can not be given yet. Whether these children are truly
‘unaffected’ with clinical autism and display early sub-threshold expression of autistic
traits or are children who may later receive an autism spectrum diagnosis is thus
uncertain using this methodological design. Other researchers in turn have used more
liberal participant selection criteria, choosing to examine autistic traits in the general
population rather than in relatives of people with autism (e.g. Jobe and White 2007).*
Still other researchers have extremely conservative selection criteria, splitting up the
genetic relatives of autistic probands into ‘BAP+’ and ‘BAP-’ groups following one or
more discrete criteria, and measuring autistic traits in the ‘BAP+’ group only (e.g.
Adolphs et al. 2008, Losh et al. 2009) rather than analysing average differences amongst
all genetic relatives taken together (e.g. Dalton et al. 2007).

In addition, studies compare the relatives of autistic probands with different types of
control groups. Some researchers have used a clinical control group, such as parents of
children with Down Syndrome (e.g. Piven et al. 1997b, Ruser et al. 2007) or Specific

*

in this review we restrict the discussion of the BAP to studies conducted in the relatives of people with
autism.
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Language Impairment (e.g. Lindgren et al. 2009) which helps to eliminate confounding
variables associated with caring for a child with special needs. In contrast, some research
studies use a non-clinical control group; the genetic relatives of typically developing
individuals who do not have any psychiatric conditions (e.g. Losh et al. 2009). In some
studies these comparison groups have been well-matched on variables such as age, sex
and IQ (e.g. Dorris et al. 2004, Wong et al. 2006) but less so in others (e.g. Piven and
Palmer 1997).

It is important to bear these methodological differences in mind when reading the
findings presented in this review. Since Folstein and Rutter’s landmark twin study in the
1970s, there have been a number of family and twin studies looking for autism-related
characteristics in the relatives of probands, which have achieved mixed success. Here,
these candidate traits are examined at different levels of analysis, starting with the
behavioural (including the ‘three domains of impairment’ (DSM-IV) defining the
narrower phenotype of autism). This level is assessed using interviews, observational
assessments and self/ other-report questionnaires, which explore the expression of autistic
traits in naturalistic contexts. The review then examines the BAP from the cognitive level
(e.g. atypical social cognition, executive function and visual attention) using
performance-based measures that systematically examine brain functioning in
experimentally controlled settings. Finally this review summarises neuroimaging studies
investigating possible neuroanatomical and neurofunctional correlates of the BAP. The
overview that follows comes with the caveat that there is strong overlap between the
‘behavioural’ and ‘cognitive’ levels to the extent that some behavioural measures
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described could also be considered cognitive and vice-versa. Furthermore, within the
‘behavioural’ level of impairments there is strong overlap between the domains of
‘reciprocal social interaction’ and ‘language and communication’. Therefore some traits
that are here included in the domain of ‘reciprocal social interaction’ may also be
included in the domain of ‘language and communication’ and vice-versa.

The candidate traits that are examined also depend on the stage of development that the
participants are sampled. For example, a number of studies have examined early social
behaviours such as joint attention, requesting, eye gaze movements and play behaviour in
the younger infant siblings of children with autism (e.g. Landa et al. 2007, Merin et al.
2007, Toth et al. 2007). Other studies have focused on later social behaviour in older
relatives of people with autism, such as empathic understanding, social expressiveness
and social motivation (e.g. Szatmari et al. 2008, Dawson et al. 2007). Isolated traits
appearing early in human development may serve as important precursors for the
emergence of traits at a later stage in development. Therefore a distinction is made here
between an ‘early’ BAP arising in the ‘at-risk’ infant siblings of children with autism and
a ‘later’ BAP present in the older relatives of people with autism. To aid the reader in the
following sections, a summary of the traits discussed in the early and later BAP has been
provided in Tables 1 and 2 respectively (see pages 96-102).

Behavioural level
Language and communication
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Characteristics pertaining to the language domain of autistic atypicalities have been
extensively studied in the relatives of people with autism. Research findings suggest that
parents and siblings of autistic probands have significantly greater difficulty using
language to communicate for social purposes (pragmatics) compared to controls (see
Tables 1 and 2). For example, the infant siblings of children with autism identified with
the BAP using the scores of items taken from the Autism Diagnostic Observation
Schedule (Lord et al. 2002) scored poorly on semantic-pragmatic language compared to
typically developing infants (Ben-Yizhak et al. 2011). Pragmatic difficulties have also
been found in adult relatives e.g. the parents of children with autism scored poorly on the
‘pragmatic skills’ subscale of a self-report questionnaire called the ‘Communication
Checklist-Adult Version’ (Whitehouse and Bishop, 2009) compared to controls from the
general population. However, this group difference did not reach statistical significance
(Whitehouse et al. 2010). Similarly, the parents of autistic probands categorised as ‘aloof’
tended to have greater problems with pragmatic language use, as indicated by an
interview-based performance measure called the Pragmatic Rating Scale (Landa et al.
1992; Losh and Piven 2007). Studies by Bishop et al. (2004) and Whitehouse et al.
(2007) assessed the language abilities of parents of children with autism and found
significantly higher average levels of pragmatic difficulties compared to both clinical and
non-clinical control groups, as indicated by the communication and social subscales of
the Autism-Spectrum Quotient. An additional study conducted by the same research
group found associations between the same two combined subscales of the AutismSpectrum Quotient in fathers and children scoring low on the Children’s Communication
Checklist-2 (Bishop 2003; Bishop et al. 2006). Similar findings have also been reported
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using large sample sizes by Wheelwright et al. (2010) and in a cross-cultural validation
study of the BAP using clinical and non-clinical samples from Italy (Ruta et al., in press).
In both studies, the parents of children with autism scored significantly higher than a
control group for difficulties on the communication subscale of the Autism-Spectrum
Quotient.

Other family studies examining the communication domain used a modified version of
the Pragmatic Rating Scale; both Piven et al. (1997b) and Ruser et al. (2007) found that
the parents of probands with autism had significantly lower scores on this measure than a
clinical control group (parents of Down Syndrome children). This was especially true for
the male relatives of autistic probands who displayed poor social-pragmatic abilities, as
measured by the modified Pragmatic Rating Scale. However, the lower communication
abilities found were not specific to autism but also found in the relatives of probands with
specific language impairment, indicating overlap in symptomatology and potentially
genetic aetiology (Ruser et al. 2007). Other studies finding significantly higher
frequencies of communication/ pragmatic abnormalities in the biological relatives of
autistic probands include Bolton et al. (1994) and Szatmari et al. (2000), using the
Autism Family History Interview (Bolton et al. 1994), and Hurley et al. (2007) using a
measure designed to detect the BAP in parents of children with autism (the Broad Autism
Phenotype Questionnaire; Hurley et al. 2007). Therefore, difficulties in the social use of
language could be a reliable feature of the BAP. However, not all studies have found
clear differences in the language and communication abilities of autism relatives
compared to clinical and typically developing controls. For instance, Pilowsky et al.
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(2003) found no differences in language difficulties (including scores on the Pragmatic
Rating Scale) between siblings of children with autism and two clinical control groups;
the siblings of children with developmental language disorder and the siblings of childen
with learning difficulties. Similarly, Folstein et al. (1999) found no differences in
language-related difficulties between the siblings of autistic probands and Down
Syndrome probands, using the Autism Family History Interview. The researchers found a
difference in Pragmatic Rating Scale scores only when family members were split up
into those with and without early language-related cognitive difficulties (as reported
retrospectively by the parents).

Autism symptomatology in the language and communication domain of impairment can
also include a significant delay in the acquisition, comprehension and articulation of
speech. Subsets of autistic probands never acquire fluent speech, whilst others can speak
spontaneously but have problems with the structural aspects of language (Tager-Flusberg
and Joseph 2003). It is not clear whether these difficulties are consistently found in the
relatives of autistic probands. Language delay was reported in 22% of siblings of autistic
probands between 2 and 6 years of age in a study by Chuthapisith et al. (2007) and 20%
of siblings of children with autism in a study by Constantino et al. (2010), half of which
were also considered to exhibit ‘autistic speech’. Likewise, delayed language
development was reported in a longitudinal study of younger siblings of children with
autism, aged 5 to 18 months (Iverson and Wozniak, 2007). Videotapes of autism-siblings
at home with their caregivers revealed delays on communicative milestones including
reduplicated babble and first words, as well as delays in language comprehension and
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expression. This was coupled with delays in the siblings’ motor development (e.g. less
time spent in different postures) suggesting a possible relationship between the early
disruption of the motor and vocal systems during development which could play a causal
role in autism and the BAP. However, Iverson and Wozniak did not measure the siblings’
general cognitive development so it is not clear whether they were showing signs of
general developmental delay or specific delays characteristic of autism and the BAP.
Likewise, Stone et al. (2007) also reported poorer scores on a parental measure of
language and communication called the MacArthur Communicative Development
Inventories (Fenson et al. 1993) in the infant siblings of children with autism versus a
sample of typically developing children.

Other studies have examined language difficulties in older siblings of autistic probands.
For instance Folstein and Rutter’s seminal studies in 1977 found high concordance rates
in MZ twin pairs (relative to DZ twin pairs) for broader autistic-related traits including
articulation disorder and retrospective reports of language delay; 9 out of 11 non-autistic
children in MZ pairs had cognitive/ language difficulties (82% concordance) compared to
1 out of 10 non-autistic children in DZ pairs (10% concordance). Support for the
presence of similar characteristics in the relatives of autistic probands has also been
described by Bolton et al. (1994) who reported broad language and communication
deficits using the Autism Family History Interview, including delays in the onset of
speech and articulation difficulties. Bolton and colleagues also found a marked increase
in the reporting of reading and spelling problems. Likewise in a study by Folstein et al.
(1999), significantly more parents of children with autism reported language-related
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difficulties including reading and spelling compared to parents of Down Syndrome
children, although this was not found for siblings of autistic probands. When reading and
spelling performance has been assessed in autism relatives, differences in test scores have
not been consistently found compared to control groups (e.g. Pilowsky et al. 2007,
Schmidt et al. 2008; see ‘language ability’ section). Finally Landa et al. (1991) found
significant differences between parents of autistic probands and parents of Down
Syndrome probands on a measure of spontaneous narrative discourse. Overall, the current
consensus indicates that language delay, social-pragmatic problems and spontaneous
narrative discourse could be potential components of the BAP, with moderate support for
both the structural components of language and reading, spelling and articulation
difficulties.

Reciprocal Social Interaction

Significant impairment in reciprocal social interaction is a defining clinical feature of
autism and the literature currently suggests that a milder version of these behavioural
impairments extends to the relatives of autistic probands. A large number of recent
studies have examined social behavioural deficits in the at-risk infant siblings of children
with an autism diagnosis. For example, at-risk siblings are less likely to respond to their
name on the first or second call compared to typically developing children at 12 months
of age (Nadig et al. 2007). Infant siblings of autistic probands have also been reported to
initiate joint attention significantly less frequently than a typically developing control
group (e.g. Cassel et al. 2007, Goldberg et al. 2005, Landa et al. 2007). Similarly, siblings
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are less able at responding to joint attention compared to typically developing controls
(Presmanes et al. 2007; but see Goldberg et al. 2005 for negative findings using a less
sensitive measure of joint attention). Siblings later classified as ‘BAP+’ also displayed
deficits responding to joint attention compared to siblings later classified as ‘BAP-’
(Sullivan et al. 2007). Other social behavioural deficits detected in at-risk siblings include
reduced frequency of requesting behaviours (Goldberg et al. 2005, Cassel et al. 2007),
reduced response to social interaction (Goldberg et al. 2005) and differences in eye gaze
movements; for example, shifting gaze to and from the caregiver less frequently (Ibanez
et al. 2008), gazing away from the caregiver for longer periods (Ibanez et al. 2008),
gazing less at the caregiver’s eyes relative to the mouth (Merin et al. 2007) and looking
less at the caregiver and more at a novel object during a social-object learning task (Bhat
et al. 2010). However, it is important to note that in a number of these studies there was
no longitudinal follow-up to determine whether the infants that performed poorly on
these tasks would express BAP traits later in development (e.g. Bhat et al. 2010,
Goldberg et al. 2005, Merin et al. 2007, Nadig et al. 2007, Presmanes et al. 2007, Cassel
et al. 2007). Instead the infants examined in these studies may later display the full
autism phenotype. Other studies have circumvented this problem by later classifying
siblings into ‘BAP+’, ‘BAP-’ and ‘ASD’ groups (e.g. Landa et al. 2007 and Sullivan et
al. 2007).

A small number of studies have examined socioemotional behaviour in at-risk autism
siblings during play with their caregivers. Using a paradigm called the ‘face-to-face/ still
face’ (FFSF) task (Tronick et al. 1978), caregivers play with their child and are then
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asked to hold a still, expressionless face for a sustained period to increase negative
emotion (cry-faces) and reduce positive emotion (smiling) in the infant, before the
caregiver resumes play. Cassel et al. (2007) carried out a longitudinal study examining
changes in positive and negative emotion generated by the FFSF task in infants at a low
risk and high risk for autism. They found that at 6 months, the siblings of children with
autism smiled significantly less during the FFSF task than low-risk, typically developing
infants. Likewise, Yirmiya et al. (2006) reported that infant siblings of children with
autism got less upset and displayed more neutral affect during the still face procedure of
the FFSF task. Those siblings that displayed higher rates of neutral affect during the still
face procedure initiated fewer joint attention bids and requesting behaviours at 14
months. Also, mother-infant synchrony was poorer for infant-led interactions during free
play in the autism-sibling group, compared to typically developing infant controls. The
FFSF task has also been used to investigate eye gazing/ visual attention, with various
studies reporting differences in eye gaze movements towards the caregiver and inanimate
objects between at-risk siblings and low-risk, typically developing controls (e.g. Ibanez et
al. 2008, Bhat et al. 2010, Merin et al. 2007) These studies suggest that differences in eye
gaze movements could be an early indicator of the BAP.

Other studies looking at the early social BAP include Toth et al. (2007) and Christensen
et al. (2010) who examined play behaviour in at-risk siblings. Using the Communication
and Symbolic Behavior Scale-Developmental Profile (Wetherby and Prizant 2002), Toth
et al. reported that infant siblings of children with autism displayed less symbolic
behaviour as well as fewer responsive social smiles and distal gestures such as pointing
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during social interactions. In contrast, using their own assessment of play behaviour,
Christensen et al. reported no differences in the rates of symbolic play actions between a
sample of at-risk siblings and typically developing infant controls at 18 months, although
at-risk siblings showed significantly more non-functional repeated play behaviours than
controls (see ‘repetitive, stereotyped behaviours and interests’ section).

A number of studies have suggested that difficulties in this domain extend to the adult
relatives of autistic probands. Using a structured clinical interview, Wolff et al. (1988)
reported that the parents of children with autism displayed a greater lack of rapport and
higher ‘social gaucheness’ compared to the parents of children with special needs
(excluding autism), whilst Gillberg (1989) found some qualitative evidence of mild social
deficits in the parents of probands with Asperger Syndrome, based on interviews about
family psychiatric history. Likewise, using a semi-structured interview, Narayan et al.
(1990) described some parents of children with autism as displaying social gaucheness.
High rates of broadly defined social difficulties in first-degree relatives have also been
reported by Bolton et al. (1994) and occasionally in second-degree relatives
(grandparents, aunts and uncles) using the Autism Family History Interview (Piven et al.
1997a), which suggests that these problems could have a strong genetic liability. More
recently, Szatmari et al. (2008) have suggested that alexithymia could be an important
feature of the BAP: that is, a difficulty in identifying, describing and processing one’s
own emotions. Parents of children with autism scored higher than a clinical control group
(the parents of children with Prader Willi Syndrome) on a self report questionnaire called
the Toronto Alexithymia Scale (Bagby et al. 1994), especially on the subscale: ‘difficulty
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identifying feelings’. In fathers, high alexithymia scores were associated with high levels
of repetitive behavioural symptoms in their children with autism, as measured using the
Autism Diagnostic Interview-Revised (Lord et al. 1994).

Compared to both clinical and non-clinical control groups, the parents of children with
autism have been reported as having lower quality or quantity of friendships and a
preference for less social activities and behaviours (e.g. Briskman et al. 2001, Losh and
Piven 2007, Losh et al. 2008, Piven et al. 1997a, Santangelo and Folstein 1995). Some
studies indicate gender differences in the degree of social impairment e.g. using the
Autism Family History Interview, Piven et al. (1997a) reported that 57% of fathers of
children with autism had broadly defined social deficits compared to 13% of fathers of
children with Down syndrome. This contrasted with 36% and 13% of mothers with
autism and Down syndrome respectively, suggesting that social impairments may be
especially prevalent in male relatives of individuals with autism. Similarly, using a new
interview-based measure called the Broader Phenotype Autism Symptom Scale (Dawson
et al. 2007), fathers of children with autism scored significantly higher than mothers on 2
domains including ‘social expressiveness’ (Dawson et al. 2007). Sex differences were
also reported in a study by Virkud et al. (2009) who found significantly higher
aggregations of autistic traits in the brothers of children with autism using the Social
Responsiveness Scale. However, rather than concentrating on unaffected relatives only,
Virkud et al. included siblings with autism diagnoses in their analyses which elevated
mean scores on this measure (see Hoekstra and Wheelwright 2010). Future analyses of
the BAP conducted by the same research group were modified to include unaffected

18

relatives only, producing similar results: there was an aggregation of autistic traits in the
unaffected relatives of siblings, especially brothers from multiple-incidence autism
families (Constantino et al. 2010). This supported previous work carried out by the same
research group reporting significantly reduced social responsiveness in the siblings of
autistic probands compared to a clinical control group (Constantino et al. 2006). Research
studies have also reported elevated scores on the ‘social skills’ subscale of the AutismSpectrum Quotient in the parents of children with autism compared to parents of typically
developing children; this was especially true for fathers (Wheelwright et el. 2010, Ruta et
al., in press). Likewise, using the Communication Checklist-Adult Version, parents of
children with autism reported significantly higher scores on the subscale ‘social
engagement’ (i.e. indicating greater deficits) compared to a large sample of typical adults
from the general population (Whitehouse et al. 2010). Altogether, these studies indicate
significant impairments in reciprocal social interaction amongst the relatives of autistic
probands, particularly fathers and brothers, and provide evidence to warrant the inclusion
of these behavioural traits in the BAP.

Repetitive, Stereotyped Behaviour and Interests

The third domain of symptoms characterising clinical diagnoses of autism involve
restricted, repetitive and stereotyped patterns of behaviour, interests and activities (DSMIV). To date, a modest number of studies have suggested that the relatives of autistic
probands display a milder version of these clinical manifestations. In a study on infant
siblings of children with autism, Christensen et al. (2010) reported significantly higher
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frequency of non-functional repeated play behaviours compared to typically developing
infants. In a study involving older relatives, Smith et al. (2009) carried out a factor
analysis on the restricted, repetitive behaviours and interests (RRBI) domain of autism
using the Autism Diagnostic Interview-Revised and examined associations between
RRBI and personality traits linked to autism in the parents. They found that the factor
‘intense preoccupations’ in affected children correlated significantly with the personality
traits ‘rigid’ and ‘aloof’ in fathers, suggesting that there may be a genetic association
between these traits. The parents of children with autism have also been reported as rigid/
perfectionistic in a small number of other studies (e.g. Losh et al. 2008, Piven et al.
1997b; see ‘personality traits’ section).Wolff et al. (1988) interviewed parents of autistic
probands and non-autistic children with special needs and found parents, and especially
fathers, of children with autism to exhibit special interest patterns (corresponding with
the restrictive behaviours commonly found in autistic probands). However, this trait
failed to distinguish parents of children with autism from parents of non-autistic children
with special needs. Likewise, Narayan et al. (1990) interviewed 21 parents of children
with autism and reported a significant tendency for parents to display a ‘single-minded
pursuit of special, often intellectual, interests’. Bolton et al. (1994) found elevated rates
of stereotyped behaviours in first-degree relatives of autistic probands compared to the
relatives of Down Syndrome probands, whilst Piven et al. (1997a) reported similar
findings in first and second-degree relatives of autistic probands, using the Autism
Family History Interview; 26% of autism fathers had stereotyped behaviours compared to
3% of Down Syndrome fathers whilst 12% of autism mothers had stereotyped behaviours
versus 0% of Down Syndrome mothers. Finally, parents of children with autism were
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reported to score significantly higher than a clinical and non-clinical control group on an
experimental questionnaire designed to tap into real-life non-social skills and preferences
(e.g. insistence on routines and circumscribed hobbies; Briskman et al. 2001).

Overall, the small numbers of studies that have examined restrictive repetitive behaviours
in first degree relatives of autistic probands have found some evidence of a BAP in this
domain. This includes broadly defined stereotyped behaviours using the Autism Family
History Interview, reports of real-life non-social skills and preferences and a rigid/
‘perfectionistic’ personality. The studies that have so far examined this behavioural
domain in autism relatives have largely relied on categorical data. Future work should
investigate repetitive, stereotyped behaviour and interests using quantitative, dimensional
measures which are more sensitive to picking up subtle differences indicative of the BAP.
Cognitive level
Social Cognition

A wealth of research studies support the theoretical construct that people diagnosed with
autism have a significantly reduced ability to process information relating to other
people’s mental states, commonly referred to as a Theory of Mind (e.g. Baron-Cohen et
al. 1997, Baron-Cohen et al. 2001a, Happé 1994, White et al. 2009). These deficits in
social cognition appear to be a key component of clinical autism, although they are not
necessarily universal to people with autism, or specific to this disorder (Pellicano 2011).
Early studies suggested that Theory of Mind deficits were not part of the BAP e.g.
Ozonoff et al. (1993) found no differences in performance on a second-order belief
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attribution task and two other Theory of Mind tasks between the siblings of children with
autism and two clinical control groups. However, sample sizes were small and measures
may not have been sufficiently sensitive to pick up subtle differences indicative of the
BAP. Later studies have generally found that relatives of autistic probands score
significantly lower on specific performance measures of social cognition ability. A very
well replicated finding is that relatives of people with autism tend to perform poorly on
the ‘Reading the Mind in the Eyes’ Test (Baron-Cohen et al. 2001a) where participants
have to identify complex psychological states from looking at pictures of the eye region
of people’s faces (Baron-Cohen and Hammer 1997, Dorris et al. 2004, Losh and Piven
2007; but see Gokcen et al. 2009). These studies collectively suggest that older relatives
of autistic probands experience mild difficulties on Theory of Mind tasks. Few studies
have examined Theory of Mind ability in younger siblings of children with autism.
Shaked et al. (2006) tested siblings aged 54-57 months on two measures of Theory of
Mind: the false belief task and the three easiest stories from the ‘Strange Stories’ task
(Happé 1994). No differences were found between siblings of children with autism and a
typically developing control group, but the measures used may not have been sufficiently
sensitive to detect subtle Theory of Mind difficulties in siblings.

Social cognitive difficulties appear not to be restricted to advanced theory of mind tasks
such as the Reading the Mind in the Eyes test, but are also reported for tests of basic
emotion recognition. For example, Palermo et al. (2006) asked parents of autistic
probands to identify schematic facial patterns representing five ‘basic’ emotions,
including happiness, anger, sadness, surprise and disgust. In identifying facial displays
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representing sadness and disgust, fathers of autistic probands performed worse than
mothers of autistic probands. Both parents performed less well on average than controls,
suggesting that difficulties understanding facial expressions extend beyond the clinical
boundaries of autism to include relatives of autistic probands. Likewise, Wallace et al.
(2010) reported significantly reduced performance on a test of basic facial emotion
recognition in parents and siblings of children with autism from multiple-incidence
autism families; relatives were significantly worse at identifying expressions of fear and
disgust compared to typical controls from the general population. Similarly, a study by
Bölte and Poustka (2003) detected poorer performance in the recognition of facial affect
in the first-degree relatives of individuals with autism from multiple-affected families
compared to single-affected families. However, Bölte and Poustka found no significant
differences overall between autism parents and controls. Altogether, most recent studies
support earlier findings in smaller samples of autism relatives, which described
difficulties recognising emotions (Smalley and Asarnow, 1990).

Other important studies on the BAP and social cognition include Losh et al. (2009),
where 38 probands with autism, 83 parents of a child with autism and a control group
were examined using a variety of neuropsychological tests assessing participants’ social
cognition, executive functioning and central coherence (see later). Parents were divided
into discrete ‘BAP +’ and ‘BAP -’ groups based on the presence or absence of rigid/
perfectionistic personality traits using an interview measure called the Modified
Personality Assessment Schedule, Revised (Piven et al. 1994). Autistic probands and
parents who were ‘BAP +’ were found to differ from controls on just one set of measures;
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those involving social cognition. These measures included the ‘Reading the Mind in the
Eyes’ task, a task assessing people’s trustworthiness of faces and a ‘Movie Stills’ task
that assesses people’s reliance on facial information to discern the emotional content of
complex scenes.

These studies collectively suggest that a subset of the relatives of autistic probands
struggle to recognise or represent other people’s thoughts and emotions. However,
despite these findings, it is still unclear whether poorer performance on Theory of Mind
tasks represents a categorical entity of the BAP that is present in a subset of relatives or a
set of continuously distributed traits that are significantly lower than population averages.

A small number of social cognition studies suggest that face processing strategy might be
a component of the BAP. Adolphs et al. (2008) used a specially-devised ‘bubbles’
method (Gosselin and Schyns, 2001) to hide particular regions of the face during an
emotion recognition task. Participants had to identify whether facial stimuli were ‘happy’
or ‘sad’ using information from specific features of the face. Parents of children with
autism classified as socially aloof (‘BAP+’) performed at near-identical accuracy on the
task compared to parents of children with autism who were not classified as socially aloof
(BAP-’). However, the ‘BAP+’ group displayed reduced processing of information from
the eye region of the face and enhanced processing of the mouth, relative to the ‘BAP-’
group.
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Other studies investigating social cognition in autism relatives suggest that face memory
and face recognition could be components of the BAP. Parents of children with autism
were significantly impaired on the Cambridge Face Memory Test (Duchaine &
Nakayama, 2006) compared to parents of typically developing children, whilst significant
parent-proband correlations were found for a face matching task, suggesting that face
recognition is heritable (Wilson et al. 2010). Given the large variability in performance
on particular social cognition tasks by individuals on the autism spectrum, Wilson et al.
stress that finding correlations within particular families can be as informative as finding
significant differences between controls and experimental groups such as individuals with
autism and their first-degree relatives. A study by Wallace et al. (2010) also suggests that
impaired face recognition is part of the BAP; the relatives of children with autism from
multiple-incidence autism families were less successful at discriminating subtle
differences between digitally altered pictures of faces compared to a control group from
the general population. Difficulties appeared to relate specifically to social stimuli since
relatives did not show similar difficulties discriminating differences between objects
(pictures of houses). Despite these positive findings, significant differences between
autism relatives and control groups have not always been found on tests of facial
recognition (e.g. Palermo et al. 2006 and Wilson et al. 2010).

Finally, there is evidence to suggest that relatives of autistic probands experience
comparable but milder problems processing eye gaze. Wallace et al. (2010) reported
differences between autism relatives and controls on a directional judgement task
examining eye gaze processing. Participants had to judge the direction of social (eye

25

gaze) and non-social (arrow) cues which were presented on a screen for very short time
durations. Relatives of children with autism did not show an accuracy advantage for
detecting direct compared to averted gaze, whilst controls did. Autism relatives therefore
appear less sensitive to direct eye gaze than controls from the general population.
Furthermore, problems using eye gaze to orient towards targets have been reported by
Scheeren and Stauder (2008). Using a similar directional judgement paradigm involving
the detection of targets using social (eyes) and non-social cues (arrows), Scheeren and
colleagues found that fathers of autistic probands responded slower on social cues than
control fathers (see ‘visual attention, sensory integration and sensorimotor functioning’
section).

In summary, studies currently provide strong support for the inclusion of social cognitive
traits in the later BAP. These include problems recognising basic facial expressions of
emotion, higher order Theory of Mind difficulties (e.g. reading the mind in the eyes),
mild problems processing people’s eye gaze and possibly mild difficulties discriminating/
remembering faces (see Table 2 on pages 99-102). Less support has been found for social
cognitive deficits in young siblings of children with autism (e.g. Shaked, 2006), although
more research needs to be conducted on this experimental group examining social
cognitive abilities.

Executive Function and visuospatial memory
Executive function is an umbrella term describing a collective set of functions such as
planning, working memory, impulse control, inhibition, mental flexibility and the

26

initiation/ monitoring of actions (Hill 2004). Executive dysfunction is frequently cited as
a leading theoretical construct purporting to explain autism symptomatology (e.g.
Ozonoff et al. 1993). Do the relatives of autistic probands show milder manifestations of
executive functioning problems? Studies assessing executive function in the relatives of
people with autism have generated mixed findings. For example, Bölte and Poustka
(2006) found no differences in test scores of executive function between parents of
individuals with autism and parents of individuals with early onset schizophrenia or
intellectual disability; experimental and control groups were matched for age and nonverbal IQ. The executive function tests used included: (1) the Wisconsin Card Sorting
Test (Heaton et al. 1993), which measures a person’s ability to flexibly shift cognitive
strategies, form abstract concepts and respond to changes in the environment using
feedback (2) the Tower of Hanoi Test (Simon, 1975), which measures higher order
planning abilities and (3) the Trail Making Test (Reitan, 1979), which measures a
person’s speed and accuracy of attention and capacity to shift strategies in response to
changes in the environment. Likewise, Losh et al. (2009) reported no significant
differences on the Tower of Hanoi and Trail Making Test between BAP parents/
probands and controls and Pilowsky et al. (2007) found no differences in performance on
the Tower of Hanoi and Word Associations Test (Semel et al. 1995) between autism
siblings and two clinical control groups (siblings of children with learning disabilities and
developmental language delay). These studies contrast with early findings by Ozonoff et
al. (1993) who reported significant differences in performance on the Tower of Hanoi
between the siblings of children with autism and two clinical control groups. Similarly,
Hughes et al. (1999) reported that a greater number of autism siblings performed poorly
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(compared to a clinical and non-clinical control group) on three executive function tasks
from the Cambridge Neuropsychological Test Automated Battery (Robbins et al. 1994),
including the Intra-Dimensional/ Extra-Dimensional Set Shifting Task (measuring
attentional flexibility) and the Tower of London (measuring planning ability; Shallice
1982). Likewise, studies by Delorme et al. (2007) and Nydén et al. (2011) found
impairments in planning ability, based on poorer performance on the Tower of London
by the unaffected siblings and parents of children with autism compared to a control
group from the general population. However, poorer performance on the Tower of
London (relative to healthy controls) was also found in the relatives of children
diagnosed with Obsessive Compulsive Disorder, so impaired planning ability may not
relate specifically to the relatives of autistic probands (Delorme et al. 2007). Other
reports of significantly reduced planning capacities in older relatives of autistic probands
compared to control groups, include Piven and Palmer 1997 (lower test scores on the
Tower of Hanoi) and Hughes et al. 1997 (lower test scores on the Tower of London).
However, neither study matched parent groups for non-verbal IQ; the former found
significant differences between groups on non-verbal (performance) IQ whilst the latter
matched parent groups by child IQ and age. In contrast, Wong et al. (2006) did not find
significant reductions in planning and inhibition amongst autism relatives, when matched
with a control group for chronological age, performance IQ and verbal IQ, but instead
found poorer performance on a test of generativity (ideational fluency). Given that
generativity problems have also been reported for autistic probands (e.g. Dichter et al.
2009), it is possible that these impairments may be genetically associated with autism.
However, these studies contrast with others that provide mixed or negative support for
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other kinds of generativity tasks such as verbal/ design fluency (e.g. Delorme et al. 2007,
Pilowsky et al. 2007, Schmidt et al. 2008).
Other recent positive results on executive functioning tasks include a study by Sumiyoshi
et al. (in press) who reported similarities in performance by individuals with autism and
their siblings on the Wisconsin Card Sorting Test and a test of working memory; the
Verbal Learning Task (Gold et al. 1992). Compared to a control group, both individuals
with autism and their siblings recorded an elevated rate of perseverative errors on the
Wisconsin Card Sorting Test and displayed a diminished ability to record the number of
exemplars in the same category during the Verbal Learning Task. Experimental and
control groups were matched by age but there were significant differences in IQ amongst
the groups, meaning that the differences found could have been due to general cognitive
ability differences rather than a selective impairment in executive functioning.
Other studies examining executive functioning processes have focused on working
memory. Koczat et al. (2002) reported spatial working memory deficits during a delayed
oculomotor task in the parents of autistic probands. However, some studies support
superiorities on the spatial span task, which assesses visuospatial working memory (e.g.
Hughes et al. 1999, Mosconi et al. 2010) These findings contrast with others in older
relatives that have found no differences on working memory tasks (e.g. Hughes et al.
1997, 1999, Wong et al. 2006). In younger relatives, a study by Noland et al. (2010)
found enhanced working memory for non-social targets in at-risk infant siblings of
children using a delayed-response task. Taken together, the results of studies examining
working memory in autism relatives are inconsistent.
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In summary, the findings from BAP studies focusing on executive functioning have been
mixed, and differences between relatives of people with autism and controls tend to
diminish when groups are matched for general cognitive ability. Moreover, executive
functioning difficulties are not specific to autism but can be found in a number of
psychiatric conditions, such as attention deficit/ hyperactivity disorder and schizophrenia
(e.g. Bölte and Poustka 2006). Therefore, whilst executive function problems may be a
prospective feature of the BAP, its low specificity needs to be taken into account when
deciding whether such problems indicate a specific genetic liability for autistic traits in
relatives. In addition, the executive function tasks may not be efficiently tapping into
specific, unitary cognitive processes and so better measures are needed to determine
which cognitive operations might be disrupted in autism and the BAP (see Ozonoff et al.
1993). With this caveat in mind, the best supported prospective BAP traits in this
cognitive domain include superior performance on the spatial span task and higher level
planning deficits. There is also early support for ideational fluency difficulties (see Table
2). However, in general studies investigating executive functioning processes have
yielded mixed results so it is not clear whether any component of this cognitive domain is
a definitive feature of the BAP.
Visual attention, sensory integration and sensorimotor functioning
Some studies have found significant differences in visual perception or attention in
autistic probands compared to control groups (e.g. Jolliffe and Baron-Cohen 1997, Shah
and Frith 1983). This is hypothesised to reflect a different ‘cognitive style’ that leads to
superior performance on tests where local visual processing is an advantage, including
the Embedded Figures Task (Witkin et al. 1971; e.g. Grinter et al. 2009, Jolliffe and
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Baron-Cohen 1997, Shah and Frith 1993; but see White and Saldaña, in press) and the
Block Design Task (Weschler 1949; Shah and Frith 1993). There is evidence to suggest
that a similar local processing style is manifested to a lesser extent in first-degree
relatives, for example, Baron-Cohen and Hammer (1997) and Bölte and Poustka (2006)
reported significantly faster times on the Embedded Figures Task in the parents of
autistic probands compared to controls, indicating a similar tendency towards local visual
processing. Superior performance on the Embedded Figures Task by fathers of autistic
probands was also reported by Happé et al. (2001) together with a reduced susceptibility
to visual illusions, perhaps reflecting important differences in visual processing and
attention. Other studies reporting superiorities in visuospatial abilities in autism relatives
include Smalley and Asarnow (1990), where siblings of autistic probands performed
above average on the Block Design Test and the Benton Test of Line Orientation (Benton
et al. 1975). Despite these positive findings, there have been a number of studies that
have failed to find support for a local processing style in the relatives of autistic
probands, especially the Block Design Test (Bölte and Poustka 2006, Fombonne et al.
1997, Losh et al. 2009, Piven and Palmer 1997, Scheeren and Stauder 2008) but also the
Embedded Figures Task (e.g. Losh et al. 2009). This mirrors problems replicating a local
processing style across tasks and domains in clinical cases of autism (see White and
Saldaña, in press).
Whilst a number of studies on autistic probands and their relatives have found superior
performance on tasks requiring strong attention to detail, studies assessing divided
attention indicate possible impairments in people with autism and their relatives. In a
study by Belmonte et al. (2010), participants had to simultaneously attend to spatially
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disjoint, non-social stimuli and suppress intervening distractive information. Therefore,
the task required a ‘complex’ form of processing that involved rapidly processing and
integrating information from multiple inputs (in this instance, requiring selective
attention to colour and orientation of stimuli in disjoint, peripheral locations). Results
showed that the autism proband group performed worst on the divided attention task,
followed by the siblings of the probands followed by age and IQ-matched controls. This
finding suggests that divided attention problems could be a reliable candidate trait for the
BAP.
As well as difficulties attending to different stimuli at the same time, relatives of autistic
probands may also experience problems shifting attention. A study by Scheeren and
Stauder (2008) suggests that fathers of children with autism exhibit disturbances in the
engagement of attention. This conclusion was based on differences in time patterns on a
reaction time task which examined shifts of attention in response to social and non-social
cues. Visual attention patterns have also been examined in younger infant siblings of
children with autism as an early indicator of the BAP (see also ‘reciprocal social
interaction’ section). The results of current studies are slightly mixed but there is some
evidence that siblings who are at-risk for autism display early problems disengaging from
stimuli and spend longer periods attending to non-social stimuli (e.g. see Ibanez et al.
2008 and Bhat et al. 2010). Similar findings were reported by Elsabbagh et al. (2009b)
who tested 9-10 month old siblings of autistic probands using a visual orienting task that
measured the time taken to disengage from a central stimulus in order to fixate on a
peripheral one. Infant siblings of autistic probands exhibited longer disengagement
latencies compared to a control group, indicating problems with the early-developing

32

ability to switch attention flexibly. Autism siblings were also worse at automatically
orienting to visual targets and forming expectations about their visual environment. A
study by Holmboe et al. (2010) did not find significant group differences in attentional
disengagement between infant siblings and typically developing controls on a task of
inhibitory control (the Freeze-Frame task; Holmboe et al. 2008). However, significantly
more infants in the autism-sibling group had problems disengaging from a central
stimulus compared to the control group. Therefore, problems in visual orientation,
particularly attentional engagement and disengagement, are strong contenders for
inclusion in the BAP. Additionally, the finding that autism siblings spend significantly
longer looking at their caregiver’s mouth and less time at the eyes compared to typically
developing controls (Merin et al. 2007; see ‘reciprocal social interaction’ section) is
suggestive of problems in visually attending to the most informative features of social
stimuli.
Finally, a study by Mosconi et al. (2010) has detected oculomotor abnormalities in the
first-degree relatives of individuals with autism. Using tests of sensorimotor responses to
visual stimuli, relatives displayed saccadic dysmetria and increased variability of saccade
accuracy. They also displayed left-lateralised deficits in smooth-pursuit eye movement
(open-loop pursuit gain) and procedural learning for rightward saccades. Some of these
results have also been found in samples of individuals with autism (e.g. Takarae et al.
2004) suggesting that alterations in the neural circuitry recruited for these tasks is a
heritable component of autism and a candidate feature of the BAP. Other studies
examining oculomotor functioning in first degree relatives of autistic probands include
Koczat et al. (2002). Parents of children with autism were found to show significantly
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poorer spatial accuracy on a delayed oculomotor response task designed to detect spatial
working memory deficits compared to a sample of adult controls.
Studies therefore broadly provide support for visual attention difficulties in the first
degree relatives of autistic probands, especially attentional engagement/ disengagement,
divided attention and oculomotor abnormalities, with mixed findings for local visual
attention biases. However, further research is needed replicating studies that report
significant differences between autism relatives and controls in this cognitive domain.
Future research could also examine other sensory modalities and investigate associations
between the BAP and elevated sensory hypersensitivity. Some studies suggest that
autistic probands detect sensory stimuli at lower thresholds (Baron-Cohen et al. 2009). It
remains to be explored whether this phenomenon can also be observed (perhaps to a
lesser extent) in unaffected relatives of individuals with autism.
Language Ability
To complement the investigation of language impairments in the relatives of individuals
with autism using questionnaires and interviews (see ‘Language and Communication’),
researchers have administered a number of performance measures of language ability. A
study by Schmidt et al. (2008) investigated phonological processing in autism parents
using the non-word repetition task (Gathercole and Baddeley, 1990). Schmidt reported
poorer performance on this task compared to adult controls suggesting that phonological
processing deficits could be a component of the BAP. Also, a study by Lindgren et al.
(2009) investigated expressive language, lexical comprehension and phonological
processing in people with autism, specific language impairment and their first-degree
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relatives. Relatives of autistic probands were superior on tests of non-word repetition/
phonological processing compared to relatives of probands with specific language
impairment. Whilst relatives of children with autism and language delay scored lower on
measures of reading ability and receptive language than relatives of children with autism
without language delay, no statistically significant differences were found on measures of
expressive language or phonological processing. Lindgren et al. concluded that
phonological deficits were not part of the heritable phenotype of autism, and so should
not be included in the BAP.
A study by Losh et al. (2010) investigated Rapid Automatised Naming (RAN) ability in
individuals with High Functioning Autism and their parents. Both groups exhibited
significantly slower times on two rapid naming tasks (colour and object naming)
compared to typically developing children and their parents. This supported a previous
study that found significant differences between parents of children with autism and
controls on the same two subtests of the RAN task (Denckla and Rudel, 1974; Piven and
Palmer 1997). Furthermore, Losh et al. (2010) found significant associations between
parents’ times on these tasks and the social and language-behavioural features of the
BAP, measured by the Autism Family History Interview and the Modified Personality
Assessment Schedule. These features include a socially aloof/ untactful personality and
retrospective reports of language delay. There was also a significant association between
the RAN performance of fathers and their child with autism, suggesting that this trait is
heritable. However, not all studies have found significant differences between autism
relatives and controls on this measure (e.g. Pilowsky et al. 2003). It should be noted that
whilst RAN tasks are an effective measure of expressive language ability, they also
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involve a number of neuropsychological domains including executive control and
attentional processes. Therefore, whilst RAN is a candidate trait of the BAP and a
potential indicator of liability to autism, the measure does not have strong structural and
functional specificity.
Performance measures that have examined receptive and expressive language ability have
generally not found impairments in parents and non-infant siblings (e.g. Lindgren et al.
2009, Pilowsky et al. 2003, Schmidt et al. 2008). Studies focusing on the younger infant
siblings of children with autism have provided stronger support for milder expressive/
receptive language difficulties e.g. Gamliel et al. (2009) examined children between 14
and 54 months using a battery of language and general cognitive measures, reporting
significant differences in language scores between typically developing controls and
children later displaying the BAP at 7 years of age. Likewise, Toth et al. (2007) reported
that 18-27 month old siblings of children with autism had lower receptive language skills
than typically developing controls as well as displaying below average expressive
language ability, using the Mullen Scales of Early Learning (Mullen 1997). However,
using the Clinical Evaluation of Language Fundamentals, Levy and Bar-Yuda (2011)
found no differences in language ability between infant autism siblings and typically
developing controls when IQ was controlled for. Using the same measure, Stone et al.
(2007) found no differences in expressive language ability between 12-23 month year old
autism siblings and typically developing controls.
Finally, studies provide moderate support for poorer performance on tests of reading or
spelling in the relatives of autistic probands, compared to controls (e.g. Fombonne et al.
1997 and Piven and Palmer 1997). These studies contrast with others that have reported
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no differences (e.g. Freeman et al. 1989, Pilowsky et al. 2007, Whitehouse et al. 2007) or
superior performance compared to other clinical groups (e.g. dyslexia; Happé et al.
2001).
Overall, studies provide moderate support for impairments in language ability, both in the
early emerging BAP in infant siblings and the later BAP in older relatives. Prospective
traits for the BAP include expressive or receptive language difficulties in infant siblings
and impaired performance on the RAN task and poorer reading ability in older relatives.
However in general the results of studies analysing language performance do not strongly
substantiate the inclusion of these traits in the BAP.
Contrast Sensitivity/ Motion Perception
A very small number of research studies have examined contrast sensitivity and visual
perception of motion in the relatives of autistic probands. Impaired visual motion
perception has been reported in people diagnosed with autism. At a neurological level,
this has been linked to the atypical functioning of the subcortical magnocellular pathway
that processes visual information. This can be tested by measuring participants’ contrast
sensitivity for luminance and chromatic light using sinusoidal gratings that are presented
at different spatial and temporal frequencies. Contrast sensitivity can be measured both
for the detection of a moving stimulus and for correctly discriminating the direction that
the stimulus is moving. A study by Koh et al. (2010) detected inefficient motion
processing for luminance stimuli in both people with autism and unaffected siblings of
individuals with autism compared to typically developing adolescents. Furthermore, the
study reported significantly higher chromatic contrast sensitivity in the adolescent
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siblings of autistic probands compared to typical controls. Chromatic contrast sensitivity
in siblings was also higher than in autistic probands, leading Koh et al. to suggest that
higher chromatic sensitivity could be a protective factor against full-scale autism. A study
by McCleery et al. (2007) also reported abnormal contrast sensitivity in the younger
infant siblings of children with autism, aged 6 months. Using the forced-choice
preferential looking technique (Teller 1979), at-risk siblings appeared to be twice as
sensitive to luminance (light/ dark) stimuli than typically developing controls whilst
exhibiting identical sensitivity to chromatic (red/green) stimuli. McCleery and colleagues
inferred that these results indicated atypical functioning of the magnocellular visual
pathway in the at-risk sibling group as well as their autistic relatives. These studies
contrast with de Jonge et al. (2007) who found no evidence for significant differences in
contrast sensitivity, motion and form perception in both people with autism and parents
of people with autism compared to a control group. Therefore, more research is required
replicating studies examining contrast sensitivity and motion perception in autism
relatives. The above positive findings in this cognitive domain must also be placed in the
wider context of studies examining motion perception in people diagnosed with autism,
which have yielded mixed results (e.g. de Jonge et al. 2007, Jones et al. 2011, Pellicano et
al. 2005, Spencer et al. 2000).
General cognitive abilities
Intellectual disability (ID)* is common in autism, with a prevalence of approximately
70% in cases diagnosed with autistic disorder (Fombonne 2006). However, when the

*

Intellectual Disability (previously referred to as mental retardation, DSM-IV) is most commonly defined
by an IQ score equal to or below 70
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other conditions on the autism spectrum are also included (Asperger Syndrome and PDDnos), the prevalence of ID in autism is considerably lower (e.g. Chakrabarti and
Fombonne 2005). The exact aetiological link between autism and ID is unclear, with twin
studies producing conflicting results (e.g. Hoekstra et al. 2009; 2010; Taniai et al. 2008).
Studies focusing on the relatives of people with autism have generally found that
intellectual disability is not a feature of the BAP. For example Fombonne et al. (1997)
assessed the first-degree relatives of 99 autism probands and 36 Down Syndrome controls
on standardised tests of intellectual functioning and did not find an increased incidence of
ID among autism relatives. These results corroborated earlier findings by Freeman et al.
(1989) and Szatmari et al. (1993) that found no mild cognitive deficits in the relatives of
people with autism. A study by Starr et al. (2001) suggested that the liability of relatives
of autistic probands to express the cognitive and social deficits associated with the BAP
did not depend upon the IQ of the clinically diagnosed family member. This suggests that
the BAP and general cognitive ability are largely independent of each other. Likewise, a
study by Yirmiya et al. (2007) on infant siblings of children with autism did not find
delays in general mental development compared to siblings of typically developing
children. Altogether, these studies point towards a limited genetic association between ID
and autism (Hoekstra et al. 2009) and suggest that general cognitive ability does not play
a major role in the BAP.
Other Psychiatric Conditions
Studies into the BAP often show that whilst autistic probands and their relatives exhibit a
number of atypicalities in different domains of functioning, similar impairments may be
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found in other psychiatric conditions such as: (1) executive dysfunction in schizophrenia
and attention deficit/ hyperactivity disorder (e.g. Bölte and Poustka 2006; see also Happé
and Ronald 2008), (2) Theory of Mind deficits in schizophrenia (e.g. Frith and Corcoran
1996) and (3) communication difficulties in specific language impairment (e.g.
Whitehouse et al. 2007). This suggests that there could be genetic or epigenetic overlap
between different psychiatric conditions e.g. autism and attention deficit/ hyperactivity
disorder (Rommelse et al., in press). Support for this view is provided by studies
documenting the aggregation of other psychiatric disorders in autism families (see
Lainhart 1999 for a review of early findings).
A number of studies have documented higher rates of affective disorder, depression,
social phobia and anxiety in the relatives of autistic probands compared to control groups.
Using family history and direct interviews, Piven and Palmer (1999) reported familial
aggregation of other psychiatric conditions including social phobia and major depressive
disorder compared to a clinical control group. Earlier studies carried out by Piven and
colleagues had reported high rates of affective disorder and anxiety disorder in siblings
and parents of children with autism (Piven et al. 1990, 1991). Using the Autism Family
History Interview, Bolton et al. (1998) found significantly higher rates of other
psychiatric conditions in relatives of autistic probands compared to a clinical control
group, including major depressive disorder. Although psychiatric conditions such as
affective disorders rarely occurred together with the BAP, the high familial aggregation
of these conditions suggests relatives of autistic probands have an increased susceptibility
to a number of different psychiatric problems. Higher rates of depression in the first
degree relatives of people with autism have been reported in a range of studies, both
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when comparing the rates to general population (e.g. Gold 1993, Micali et al. 2004) and
clinical control samples (e.g. Smalley et al. 1995) Finally, a recent study by Ingersoll et
al. (2011) reported increased depressed mood in mothers of children with autism
compared to mothers of typically developing children. Furthermore, depressed mood was
predicted by a measure of the BAP (combined social-communication subscale of the
Autism-Spectrum Quotient) after controlling for parenting stress and the severity of the
child’s autism.
High rates of obsessive compulsive disorder have also been found in the relatives of
autistic probands compared to control groups (Wilcox et al., 2003). Moreover, high
numbers of obsessive-compulsive traits in parents have been linked to high scores in the
autistic proband on the repetitive behaviour domain of the Autism Diagnostic InterviewRevised; correlations were strongest between fathers and child (Hollander et al. 2003). A
study by Micali et al. (2004) on families with a child with a PDD found significantly
higher rates of second-degree relatives with an obsessive compulsive disorder, whilst
Bolton et al. (1998) reported higher rates of obsessive compulsive disorder in the firstdegree relatives of autistic probands.
Altogether, these studies suggest that autism relatives may be at an increased risk for
developing other psychiatric conditions in comparison to both non-clinical and clinical
control groups; particularly obsessive compulsive disorder, anxiety, social phobia and
mood disorders such as depression. Many reports of clinical depression in the parents of
children with autism have an onset before the birth of the child with autism (e.g. 75% of
mothers reported by Micali et al. 2004). This suggests that increased rates of psychiatric
conditions (such as anxiety and major depression) may have a genetic link with autism
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and are not just caused by the stress associated with looking after children with clinical
diagnoses; a meta-analysis of psychiatric disorders in parents of children with autism by
Yirmiya and Shaked (2005) seems to support this conclusion. Yirmiya and Shaked
reported higher rates of other psychiatric conditions in the parents of children with autism
compared to parents of typically developing children or children with conditions that do
not have a genetic liability (e.g. Down Syndrome). However, higher rates of psychiatric
conditions were also found in groups carrying other known genetic liabilities, such as
language/ learning disabilities, suggesting that the familiality of other psychiatric
conditions is not an exclusive feature of autism.
Personality Traits

The personality traits of relatives of autistic probands have been extensively studied by
researchers and are frequently cited as components of the BAP. These are restricted to
specific personality traits, which are believed to reflect an underlying genetic liability for
autism. The personality characteristics described more commonly in the relatives of
autistic probands compared to relatives of typically developing children or children with
another medical condition (e.g. Down Syndrome; Piven et al. 1997b) include ‘rigid’
(Hurley et al. 2007, Losh et al. 2008, Piven et al. 1997b; but see Murphy et al. 2000),
‘impulsive’ (Murphy et al. 2000) ‘aloof’ (Hurley et al. 2007, Losh et al. 2008, Piven et
al., 1994; 1997b, Murphy et al. 2000), ‘shy’ (Murphy et al. 2000), ‘tactless’ (Piven et al.
1994, Losh et al. 2008; but see Murphy et al. 2000) ‘reserved/ schizoid’ (Bölte et al.
2007), ‘irritable’ (Murphy et al. 2000) ‘hypersensitive to criticism’ (Piven et al. 1997b)
‘neurotic’ (Losh et al. 2008), ‘undemonstrative’ (Piven et al. 1994; but see Murphy et al.
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2000) and ‘anxious’ (Losh et al. 2008, Murphy et al. 2000, Piven et al. 1997b). A factor
analysis carried out by Murphy et al. (2000) detected three clusters of personality traits
that were more common in the relatives of autistic probands compared to relatives of
Down syndrome probands; these were called ‘withdrawn’, ‘difficult’ and ‘tense’.
However, only the ‘withdrawn’ factor was significantly associated with the broader
behavioural phenotype of autism, which was measured using the Autism Family History
Interview. These personality traits may also be related to performance on cognitive BAP
measures (see Losh et al. 2009) as well as the core behavioural domains of autism. A
recent study by Seidman et al. (in press) reported sex differences in personality traits in
fathers and mothers of children with autism. Using the Broad Autism Phenotype
Questionnaire, fathers were rated by their respective partners as more ‘aloof’ than
mothers, whilst mothers were rated by their respective partners as more ‘rigid’ than
fathers. Seidman et al. note that the high ratings of ‘rigidity’ in mothers could be due to
pressure to adapt to a rigid lifestyle in order to make their autistic child’s environment
more predictable and structured. Further research could investigate the relationship
between the personality traits of autism relatives and the increased risk to developing
other psychiatric conditions (e.g. anxiety and depression), and the association between
these traits and neuroanatomy and neurofunctionality. These latter topics will be the
focus of the next paragraph.

Neuroanatomical and neurofunctional correlates of the BAP
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A complementary level of analysis for understanding the aetiology of autism is to
examine potential neuroanatomical and neurofunctional correlates of autistic traits and to
determine whether these correlates extend to the relatives of autistic probands. Autism
has been linked to an acceleration of brain growth at around 12 months of age, with
macrocephaly found in 15-20% of diagnosed children by 4-5 years of age (Minshew and
Williams 2007). Neuroimaging data provides evidence for abnormal growth in grey and
white matter which are responsible for processing and transferring information between
brain regions (Amaral et al. 2008, Courchesne et al. 2007, Schumann et al. 2010). In
particular, there is atypical growth in the frontal and temporal lobes and in structures
within the limbic system such as the amygdala. These regions are heavily involved in
social behaviour and communication (Amaral et al. 2008, Courchesne et al. 2007).
Neuroimaging studies also show differences in patterns of activation, with information
taking a longer time to be processed throughout the brain of individuals with autism
(Belmonte et al. 2010, Gepner and Féron 2009). This is hypothesised to be a consequence
of local over-connectivity and long-range underconnectivity between separate functional
brain regions (Belmonte et al. 2004). A small number of studies have reported functional
local over-connectivity in the brains of individuals with autism during behavioural tasks
(e.g. Schmitz et al. 2006). In contrast a large number of studies have detected long-range
functional under-connectivity, such as Kleinhans et al. (2008) who found disconnections
between the fusiform face area, left amygdala, posterior cingulate and thalamus during a
face processing task (see Wass 2011 for a review of connectivity studies). In general,
brain imaging studies suggests there is less functional connectivity between brain regions
linked to perception, social cognition, language and problem-solving in individuals wth
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autism (Belmonte et al. 2004, Courchesne et al. 2007, Minshew and Williams 2007, Isler
et al. 2010).

Have similar findings been reported in the relatives of autistic probands? A number of
studies have examined functional differences in regions comprising the ‘social brain’,
including the amygdala, superior temporal sulcus, fusiform face area, orbitofrontal cortex
and anterior cingulate cortex (Brothers 1990, Spencer et al. 2011). These are documented
below, followed by studies examining other brain regions and behavioural paradigms as
well as studies examining neurostructural differences in autism relatives.

Mentalising/ emotion recognition
A preliminary fMRI study on 12 parents of children with Asperger Syndrome by BaronCohen et al. (2006) indicated atypical brain activity during the Reading the mind in the
eyes task, relative to sex- and IQ-, but not age-, matched controls from the general
population. There was reduced activity in the mid temporal gyrus and the inferior frontal
gyrus during completion of the mentalising task in the parents of autistic probands
compared to gender-matched controls. Similarly, Spencer et al. (2011) reported
significantly reduced fMRI activity in a group of siblings of autistic probands when
responding to happy versus neutral faces during an emotion recognition task. Relative to
an adolescent control group, attenuated activity was found in a variety of regions
associated with socio-emotional functioning, including the Fusiform Face Area and the
Superior Temporal Sulcus. Therefore fMRI response to happy faces could be a sensitive
neuroimaging marker of the BAP.
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Face Processing
Neurofunctional correlates of the BAP were also assessed using fMRI by Dalton et al.
(2007) who detected significantly reduced levels of gaze fixation in the unaffected
siblings of autistic probands compared to typically developing controls in response to a
face-processing task. This was reflected in decreased activity within the right hemisphere
of the fusiform gyrus which is involved in processing faces and gaze direction. The
results for siblings were intermediate between those for typically developing controls and
the autism group, who showed significantly reduced bilateral activity in the fusiform
gyrus. However, Dalton et al.’s use of eye tracking data suggested that, rather than there
being abnormalities in the fusiform region of the brain, there are problems with how
faces are scanned and which facial cues are attended to, these having a ‘downstream’
effect on fusiform activity. In addition, unlike some autism samples, the siblings of
autistic probands did not display heightened activation in the affective neural circuitry in
response to human faces..

Biological motion processing
Kaiser et al. (2010) found commonalities in brain activity between children with autism
and their siblings in response to a task assessing sensitivity to biological motion using
point-light displays. Results implicated shared areas of atypical function in the left
dorsolateral prefrontal cortex, the right inferior temporal gyrus and the bilateral fusiform
gyrus. Importantly, siblings who exhibited subtle social and communication difficulties
were excluded. The authors suggest that at a neurological level, genetic relatives of
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individuals with autism share subtle disruptions in brain function that are not necessarily
picked up at a behavioural level. The authors further speculate that brain response to
biological motion reflects a genetic vulnerability to autism in relatives of individuals with
autism that may be compensated for during development by unique areas of activation in
the ventromedial prefrontal cortex and right posterior superior temporal sulcus.

Visual Attention
Brain activity during a visual search task was investigated for 12 parents of children with
Asperger Syndrome by Baron-Cohen et al. (2006). The results of fMRI scans indicated
reduced activation of the right middle occipital gyrus and the left lingual gyrus during
completion of the visual search task, relative to sex and IQ-matched controls. Likewise,
fMRI was used by Belmonte et al. (2010) in a study assessing visual attention in autistic
probands and clinically unaffected brothers. Both probands and brothers performed
significantly less well on a visual divided-attention task (see ‘visual attention, sensory
integration and sensorimotor functioning’ section) which at a neurobiological level was
detected by atypical fronto-cerebellar activation correlating with the psychometric
measures of autistic traits. Results on the divided-attention task suggested that both
autism probands and, to a lesser degree, their siblings displayed atypical spatial
distribution of visual attention. Neuroimaging data showed that in the autism group,
posterior cortices linked to lower-level processing were over-active and frontal cortices
were under-active; in the autism-sib group, differential activation between conditions was
much more limited. The fronto-cerebellar attention systems were activated in the autism
and sib-autism group but were time-delayed, suggesting that it was the differential timing
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of activation that was causing poorer performance, rather than differences in activation
per se. Despite showing a similar response to the autism group, stronger activity was
measured in the prefrontal brain regions of the unaffected sibling group. The authors
suggest that the stronger activity may be a compensatory strategy for differences in
neural processing that ensured connectivity was maintained between different brain
regions recruited for the task.

Executive Function
Kawakubo et al. (2009) examined prefrontal cortex activation in the unaffected siblings
of autistic probands during an executive functioning task (the letter fluency task).
Kawakubo and colleagues examined brain activity by measuring changes in haemoglobin
concentration in the prefrontal cortex using near-infrared spectroscopy. Siblings ranged
in age from 5 to 39 years; in child siblings, there were no significant changes in
haemoglobin concentration relative to controls but for adult siblings, increases in
haemoglobin was intermediate between controls and adults with autism, despite similar
behavioural performance on the task across the three groups. Unaffected siblings showing
evidence of the behavioural BAP with a questionnaire called the Childhood Autism
Rating Scale-Tokyo Version (Kurita et al. 1989) were removed from analyses suggesting
that neurofunctional measures were sensitive at detecting differences between first degree
relatives and controls that are not picked up at a behavioural level.

ERP Studies and the BAP
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In addition to using MRI to assess the neuroanatomy and neurofunctional correlates of
the BAP, electrophysiological studies have provided further evidence for neurofunctional
differences in relatives of autistic probands compared to controls. An event related
potential (ERP) study (Dawson et al. 2005) on the parents of autistic probands found an
absence of right-hemisphere lateralised augmentation of the N170 ERP to faces as well as
a shorter latency N170 to faces (versus objects). This result mirrors the pattern seen in
individuals diagnosed with autism (e.g. Dawson et al. 2002). Other studies using ERP
include Elsabbagh et al. (2009a) which found that both autistic probands and their infant
siblings displayed a prolonged latency in the ‘P-400’ component in response to direct eye
gaze compared to controls,. This result suggests that the response to eye gaze in relatives
of autistic probands was delayed and less persistent.

MEG Studies and the BAP
Other studies have examined neurofunctional correlates of the BAP using
magnetoencephalography (MEG). Rojas et al. (2011) took MEG recordings of 21 parents
of autistic probands and 21 adult controls reporting a reduction in steady-state gammaband responses in the autism-parent group, similar to the responses of children diagnosed
with autism (e.g. Wilson et al. 2007). Measures showing a reduction in autism-parents
included ‘Gamma-band phase locking factor’ and ‘phase-locked power’. Furthermore,
correlations were found between Gamma-band phase locking factor and the
‘communication’ subscale of the Autism-Spectrum Quotient. Rojas et al. reported that the
behavioural measures of the BAP (Social Responsiveness Scale and Autism-Spectrum
Quotient) did not strongly distinguish groups whilst biological markers derived from the
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MEG recordings seemed to be more sensitive at picking up differences between autistic
probands, first degree relatives of autistic probands and controls.

Structural MRI and the social brain in autism relatives
A very small number of studies have investigated structural differences in the social brain
of autism relatives. A study by Dalton et al. (2007) found a significant reduction in the
volume of the amygdala in siblings of people with autism compared to controls.
However, no group difference in amygdala volume was detected between autism parents
and controls in a study by Peterson et al. (2006). There is therefore currently limited
evidence for structural differences in brain regions connected to the social brain in the
relatives of autistic probands

Other structural neuroimaging studies in autism relatives
Other structural MRI studies include Rojas et al. (2004) who reported that the parents of
children with autism had significantly larger left hippocampus volumes compared to
controls from the general population. However, these results failed to replicate in a study
by Peterson et al. (2006). Peterson and colleagues carried out a structural MRI study of
gray matter in the parents of autistic probands. The scans revealed differences, relative to
adult controls, in regions functionally associated with social-cognitive and motor
processes that are impaired in autism. Using voxel-based morphometry, Peterson et al.
reported an increase in gray matter in the inferior and medial frontal gyri and cerebellum.
Both Rojas et al. (2004) and Peterson et al. (2006) reported no significant differences in
total brain volume between experimental and control groups. These studies, however,
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contrast with Palmen et al. (2005) who found no significant differences in the volume of
any brain regions between autism parents and controls using structural MRI. Finally a
structural MRI study by Branchini et al. (2009) reported no significant difference in total/
regional corpus callosum area between the siblings of children with autism and age/IQmatched controls.

Structural investigations of the BAP also include Diffusion Tensor Imaging. A study by
Barnea-Goraly et al. (2010) used Diffusion Tensor Imaging to investigate differences in
white matter in children with autism, their unaffected siblings and controls. BarneaGoraly and colleagues carried out a whole brain analysis using tract-based spatial
statistics and found significantly reduced white matter fractional anisotropy values in
both the autism and autism-sibling group, relative to age and IQ-matched controls. Areas
where aberrant white matter was detected included the medial prefrontal and superior
temporal regions and the temporo-parietal junctions. Reductions were found in axial
diffusivity but not radial diffusivity suggesting that the alterations were in fiber coherence
rather than myelination. However, no significant correlations were found between white
matter functional anisotropy/ axial diffusivity and autism symptomatology. Furthermore,
unaffected siblings were excluded if they displayed behavioural features of the BAP
using the Autism Family History Interview. Therefore, DTI measures may be more
sensitive to subtle differences in the first degree relatives of autistic probands and
controls indicative of the BAP at a biological/ neurostructural level.

Summary
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Neurofunctional and neuroanatomical studies of autistic probands and their relatives
using neuroimaging techniques such as fMRI, sMRI, EEG, MEG and DTI have started to
reveal important differences in brain structure, activity and connectivity in and between
regions of the brain. Such studies have proven essential in furthering our understanding
of the neural correlates of the cognitive aspects of autism (e.g. sensory perception, social
cognition and visual attention, see Table 3 on pages 103 and 104). Future studies should
continue to search for neural underpinnings of BAP expression at a cognitive and
behavioural level. These studies are still in their infancy and more neuroimaging research
is required to determine the extent to which autistic probands and their first degree
relatives share atypicalities in brain structure and function. Furthermore, these studies
warrant replication in order to protect against possible publication biases in the
neuroimaging research literature (see Ioannidis, 2011).

Summary of findings and future directions

In this review we have summarised the research studies that have taken place over the
last 20-30 years on the BAP from multiple, mutually reinforcing categories of analysis.
The list of prospective traits for the BAP discussed here is not exhaustive and in the
future must include a more thorough and diverse examination of domains of functioning
associated with autism such as sensory hypersensitivity and motion processing/ detection
(e.g. see Bertone et al. 2003, Bonnel et al. 2003, Gepner and Féron 2009, Gepner and
Mestre 2002 and Leekam et al. 2007). Nevertheless, a wide variety of traits has been
examined for inclusion in the BAP; this firstly includes the possibility of an early
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emerging BAP in the younger infant siblings of children with autism. Candidate traits
include language delay and social deficits such as atypicalities in gaze shift patterns,
reduced requesting behaviour, initiation of joint attention and responding to joint
attention (see Table 1). Studies also report early problems in visually disengaging from
stimuli, whilst more research is needed investigating executive function and Theory of
Mind in at-risk infant siblings. However, many of the research studies conducted on atrisk siblings in this review have not reassessed this experimental group when the siblings
are older than three years of age so it is not clear whether autistic traits displayed in atrisk siblings are part of the full autism phenotype or isolated traits indicative of the BAP.
This methodological constraint does not apply for older siblings and parents of autistic
probands.

In older siblings and parents, positive findings at a behavioural level have been most
consistently reported for pragmatic language skills, social responsiveness and other areas
of reciprocal social interaction. More research needs to examine restricted, repetitive
interests in the relatives of people with autism. Of particular interest is the question of
whether the BAP is restricted to specific aspects of this behavioural domain, such as
circumscribed interests or a rigid/ perfectionistic style, or whether it applies more
broadly, including repetitive motor activities and resistance to change.

At a cognitive level, the BAP has most consistently been found for social cognition e.g.
complex mental state recognition, emotion recognition and face processing strategy. It is
less clear whether executive functioning is part of the BAP. Findings in this area have
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been less consistent and a number of studies finding impairments did not appropriately
match experimental and control groups for IQ (e.g. Hughes et al. 1997, Piven and Palmer
1997). In contrast, a number of studies investigating social cognition in autism relatives
matched control groups for IQ (e.g. Baron-Cohen and Hammer 1997, Dorris et al. 2004,
Gokcen et al. 2009), although there are exceptions (Losh and Piven 2007). Results are
also mixed for studies assessing local visual processing in the relatives of individuals
with autism. Other areas of cognition requiring further research include divided attention
and engagement/ disengagement of attention to social and non-social stimuli. It should be
noted that the conflicting results reported in this review must be set in the wider context
of autism research, where deficits in cognitive domains such as executive function or
Theory of Mind are neither specific nor universal in people clinically diagnosed with
autism. Lastly, interview and questionnaire-based measures indicate an elevated rate of
personality traits in the BAP, including ‘aloof’, ‘rigid’ and ‘hypersensitive’ as well as
elevated rates of other psychiatric conditions in autism families, such as anxiety and
depression.

Future studies should use quantitative, continuous behavioural measures that have
sufficient sensitivity to record subclinical autistic traits. Secondly, it is important to
ensure that the participants used to examine the BAP do not qualify for a formal
diagnosis of autism (Hoekstra and Wheelwright 2010). Furthermore, experimental and
control groups should be matched for general cognitive functioning to ensure that
differences on particular cognitive tasks represent a specific and selective impairment in
functioning and cannot be attributed to general cognitive impairment. The selection of
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experimental groups must also be scrutinised; splitting up the genetic relatives of autistic
probands into ‘BAP+’ and ‘BAP-’ groups may lead to different results compared to
studies that analyse average differences between autism relatives and controls.
Researchers should bear the possible impact of these methodological differences in mind
and should be explicit about their methods in future papers, so that we can improve our
understanding of conflicting findings.

Future research could also help to better understand the genetic aetiology of the BAP. A
number of studies suggest that subthreshold autistic traits aggregate in multiple-incidence
(‘multiplex’) autism families and occur less frequently in single-incidence (‘simplex’)
autism families (e.g. Constantino et al. 2006; 2010, Virkud et al. 2009). It is thought that
these findings reflect differential modes of genetic transmission of autistic traits in
simplex and multiplex families; the aetiology of simplex autism may be more strongly
influenced by rare, de novo genetic mutations or copy number variations of large effect,
whilst the aetiology of multiplex autism is more strongly influenced by inherited gene
variants (Levy et al. 2011, Marshall et al. 2008, Sanders et al. 2011, Sebat et al. 2007).
More studies are needed examining the expression of the BAP in simplex and multiplex
families in order to further test the hypothesis of differential modes of genetic
transmission in autism families. Of particular relevance would be studies examining
whether the stronger expression of the BAP in multiplex compared to simplex families
applies to the BAP as a whole, or only to particular aspects of the BAP.
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Another important objective for future studies is to search for associations across
different levels of analysis, such as between: (1) observational reports of behaviour, (2)
performance measures and instruments that systematically examine cognition, (3)
systematic accounts of personality and other psychiatric conditions, and (4) brain
scanning techniques that record the underlying neural substrates involved. It is through
these studies that we can improve our understanding of the developmental pathways
leading to autism. Neuroimaging studies, described in this review, should in particular
start to shed light on these developmental pathways. These include connectivity/
functional MRI studies examining regions of the social brain (e.g. Dalton et al. 2007,
Spencer et al. 2011), as well as other structures (e.g. the cerebellum; Belmonte et al.
2010). DTI, ERP and MEG studies of autistic probands and their relatives are also
starting to provide further useful ways of exploring the neurodevelopmental pathways
leading to autism by better understanding its biological liability (e.g. Elsabbagh et al.
2009a, Rojas et al. 2011).

Studies on the BAP can help to identify which characteristics aggregate in family
members and are thus likely to be promising endophenotypes for autism. Through the use
of endophenotypes (see Gottesman and Gould 2003) we can restrict the phenotypic
heterogeneity and increase the power to detect vulnerability genes for autism. Such an
approach has been advocated by researchers in the field of autism genetics (e.g. Leboyer
et al. 1998, Le Couteur et al. 1996, Smith et al. 2009, Weiss 2009) as well as in
behavioural genetics more broadly (e.g. deGeus 2002, de Geus and Boomsma 2001;
Gottesman and Gould 2003). The evidence as collated in Table 1 and 2 provides pointers
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to the most promising behavioural and cognitive endophenotypes for autism (including
pragmatic difficulties, language delay, reduced social responsiveness, poorer social skills,
theory of mind difficulties, emotion recognition difficulties and poorer performance on
visual divided attention/ social orienting tasks). Table 3 gives preliminary suggestions for
endophenotypes at the neural level.

Molecular genetic studies of autism have currently been most successful in detecting rare
gene variants and rare copy number variations with large effects (Abrahams and
Geschwind 2008; Freitag et al. 2010; Pinto et al. 2010). Studies examining the role of
common gene variants affecting the risk for autism have been less consistent and are
hampered by lack of replication (e.g. Anney et al. 2010). Common autism gene variants
are likely to be of weak effect, and typically require very large sample sizes in order to
have sufficient power to be detected. If studies on the BAP detect similar but milder
manifestations of autistic traits in the relatives of autistic probands, this opens up the
possibility to include relatives with subthreshold autistic traits in genetic linkage and
association studies that explore common inherited variants linked to autism. It is
therefore extremely important to obtain reliable, quantitative measures of autistic traits
that are likely to be under genetic influence, so that these measures can be applied in
future genetic studies of autism. Some previous studies using quantitative measures of
autistic traits have reported significant association or linkage findings using both general
population (e.g. Pourcain et al. 2010) or clinical samples (e.g. Duvall et al. 2007),
illustrating the usefulness of this approach. Studies of the BAP are instrumental in
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determining which aspects of the BAP show the most promise for inclusion in genetic
studies.
Finally, research studies on the BAP may assist in providing additional support and
guidance to other members of the family that contain people on the autism spectrum; for
example, fathers of children with autism who display the BAP could be offered advice
about how to manage and improve their relationships with peers and other members of
the family. Research into the BAP could help guide the implementation of this type of
support.
Studies on the BAP will continue to offer valuable insights by bringing researchers closer
to the genetic aetiology and neurobiological pathways underlying autism. This will be
achieved by fully analysing and exploring the behavioural and cognitive features of the
BAP and linking these to underlying brain anatomy and function. We hope this review
will assist in contributing to that aim.

Acknowledgements

Edward Sucksmith is funded by an Open University PhD Studentship, which is a
collaboration with the Autism Research Centre (ARC) of Cambridge University, UK. We
gratefully acknowledge Dr Payam Rezaie and Dr Antonio Martins-Mourao for their
comments on an earlier draft of the review and colleagues at the ARC, Cambridge for
their theoretical guidance.

58

Conflict of Interest: None

References

Abrahams, B.S. & Geschwind, D.H. (2008). Advances in autism genetics: on the
threshold of a new neurobiology. Nature Reviews Genetics, 9(6), 341-355.

Adolphs, R., Spezio, M.L., Parlier, M. & Piven, J. (2008). Distinct Face-Processing
Strategies in Parents of Autistic Children. Current Biology, 18, 1090-1093.

Amaral, D.G., Schumann, C.M. & Nordahl, C.W. (2008). Neuroanatomy of autism.
Trends in Neurosciences, 31(3), 137-145.

Anney, R., Klei, L., Pinto, D., Regan, R., Conroy, J., Magalhaes, T.R. et al. (2010). A
genome-wide scan for common alleles affecting risk for autism. Human Molecular
Genetics, 19(20), 4072-4082.

Asperger, H. (1991). ‘Autistic psychopathy’ in childhood. In U. Frith (ed.), Autism and
Asperger Syndrome (pp. 37-92). Cambridge University Press.

Bagby, R.M., Parker, J.D.A. & Taylor, G.J. (1994). The twenty-item Toronto alexithymia
scale I. Item selection and cross-validation of the factor structure. Journal of
Psychosomatic Research, 38, 23-32.

59

Bailey, A., Palferman, S., Heavey, L. & Le Couteur, A. (1998). Autism: The Phenotype
in Relatives. Journal of Autism and Developmental Disorders, 28(5), 369-392.

Barnea-Goraly, N., Lotspeich, L.J. & Reiss, A.L. (2010). Similar White Matter
Aberrations in Children With Autism and Their Unaffected Siblings. Archives of General
Psychiatry, 67(10), 1052-1060.

Baron-Cohen, S., Ashwin, E., Ashwin, C., Tavassoli, T. & Chakrabarti, B. (2009). Talent
in autism: hyper-systemizing, hyper-attention to detail, and sensory hypersensitivity.
Proceedings of the Royal Society, Philosophical Transactions, Series B, 364, 1377-1383.

Baron-Cohen, S. & Hammer, J. (1997). Parents of Children with Asperger Syndrome:
What is the Cognitive Phenotype? Journal of Cognitive Neuroscience, 9(4), 548-554.

Baron-Cohen, S., Jolliffe, T., Mortimore, C. & Robertson, M. (1997). Another Advanced
Test of Theory of Mind: Evidence from Very High Functioning Adults with Autism or
Asperger Syndrome. Journal of Child Psychology and Psychiatry, 38(7), 813-822.

Baron-Cohen, S., Ring, H., Chitnis, X., Wheelwright, S., Gregory, L., Williams, S. et al.
(2006). fMRI of parents of children with Asperger Syndrome: A pilot study. Brain and
Cognition, 61, 122-130.

60

Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y. & Plumb, I. (2001a). The “Reading
the Mind in the Eyes” Test Revised Version: A Study with Normal Adults, and Adults
with Asperger Syndrome or High-functioning Autism. Journal of Child Psychology and
Psychiatry, 42(2), 241-251.

Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J. & Clubley, E. (2001b). The
Autism-Spectrum Quotient (AQ): Evidence from Asperger Syndrome/ High-Functioning
Autism, Males and Females, Scientists and Mathematicians. Journal of Autism and
Developmental Disorders, 31(1), 5-17.

Belmonte, M.K., Allen, G., Beckel-Mitchener, A., Boulanger, L.M., Carper, R.A. &
Webb, S.J. (2004). Autism and Abnormal Development of Brain Connectivity. The
Journal of Neuroscience, 24(42), 9228-9231.

Belmonte, M. K., Gomot, M. & Baron-Cohen, S. (2010). Visual attention in autism
families: 'unaffected' sibs share atypical frontal activation. The Journal of Child
Psychology and Psychiatry, 51(3), 259-276.

Benton, A.L., Varney, N.R. & Hamsher, K. de S. (1975). Judgment of line orientation.
Iowa City, IA: Department of Neurology, University of Iowa Hospitals and Clinics

61

Ben-Yizhak, N., Yirmiya, N., Seidman, I., Alon, R., Lord, C. & Sigman, M. (2011).
Pragmatic Language and School Related Linguistic Abilities in Siblings of Children with
Autism. Journal of Autism and Developmental Disorders, 41, 750-760.

Bertone, A., Mottron, L., Jelenic, P. & Faubert, J. (2003). Motion Perception in Autism:
A “Complex” Issue. Journal of Cognitive Neuroscience, 15(2), 218-225.

Bhat, A.N., Galloway, J.C. & Landa, R.J. (2010). Social and non-social visual attention
patterns and associative learning in infants at risk for autism. Journal of Child
Psychology and Psychiatry, 51(9), 989- 997.

Bishop, D.V.M. (2003). The Children’s Communication Checklist version 2 (CCC-2).
London: Psychological Corporation.

Bishop, D. V. M., Maybery, M., Maley, A., Wong, D., Hill, W. & Hallmayer, J. (2004).
Using self-report to identify the broad phenotype in parents of children with autistic
spectrum disorders: a study using the Autism-Spectrum Quotient. Journal of Child
Psychology and Psychiatry, 45(8), 1431-1436.

Bishop, D. V. M., Maybery, M., Wong, D., Maley, A. & Hallmayer, J. (2006).
Characteristics of the Broader Phenotype in Autism: A study of siblings using the
Children's Communication Checklist-2. American Journal of Medical Genetics Part B
(Neuropsychiatric Genetics), 141B, 117-122.

62

Bölte, S., Knecht, S. & Poustka, F. (2007). A Case-Control Study of Personality Style
and Psychopathology in Parents of Subjects with Autism. Journal of Autism and
Developmental Disorders, 37, 243-250.

Bölte, S. & Poustka, F. (2003). The recognition of facial affect in autistic and
schizophrenic subjects and their first-degree relatives. Psychological Medicine, 33, 907915.

Bölte, S. & Poustka, F. (2006). The broader cognitive phenotype of autism in parents:
how specific is the tendency for local processing and executive dysfunction? Journal of
Child Psychology and Psychiatry, 47(6), 639-645.

Bolton, P., Macdonald, H., Pickles, A., Rios, P., Goode, S., Crowson, M. et al. (1994). A
case-control family history study of autism. Journal of Child Psychology and Psychiatry,
35(5), 877-900.

Bolton, P.F., Pickles, A., Murphy, M. & Rutter, M. (1998). Autism, affective and other
psychiatric disorders: patterns of familial aggregation. Psychological Medicine, 28, 385395.

63

Bonnel, A., Mottron, L., Peretz, I., Trudel, M., Gallun, E. & Bonnel, A.-M. (2003).
Enhanced Pitch Sensitivity in Individuals with Autism: A Signal Detection Analysis.
Journal of Cognitive Neuroscience, 15(2), 226-235.

Branchini, L.A., Lindgren, K.A. & Tager-Flusberg, H. (2009). MRI Analysis of the
Corpus Callosum in Siblings of Children with Autism Spectrum Disorder. Neurology,
72(11), A136-A136.

Briskman, J., Happé, F. & Frith, U. (2001). Exploring the Cognitive Phenotype of
Autism: Weak “Central Coherence” in Parents and Siblings of Children with Autism: II.
Real-life Skills and Preferences. Journal of Child Psychology and Psychiatry, 42(3), 309316.

Brothers, L. (1990). The social brain: a project for integrating primate behaviour and
neurophysiology in a new domain. Concepts in Neuroscience, 1, 27-51.

Cassel, T.D., Messinger, D.S., Ibanez, L.V., Haltigan, J.D., Acosta, S.I. & Buchman,
A.C. (2007). Early Social and Emotional Communication in the Infant Siblings of
Children with Autism Spectrum Disorders: An examination of the Broad Phenotype.
Journal of Autism and Developmental Disorders, 37, 122-132.

64

Chakrabarti, S. & Fombonne, E. (2005). Pervasive developmental disorders in preschool
children: confirmation of high prevalence. American Journal of Psychiatry, 162, 11331141.

Christensen, L., Hutman, T., Rozga, A., Young, G.S., Ozonoff, S., Rogers, S.J., Baker, B.
& Sigman, M. (2010). Play and Developmental Outcomes in Infant Siblings of Children
with Autism. Journal of Autism and Developmental Disorders, 40, 946-957.

Chuthapisith, J., Ruangdaraganon, N., Sombuntham, T. & Roongpraiwan, R. (2007).
Language development among the siblings of children with autistic spectrum disorder.
Autism, 11(2), 149-160.

Constantino, J.N. (2002). The Social Responsiveness Scale. Los Angeles: Western
Psychological Services.

Constantino, J. N., Lajonchere, C., Lutz, M., Gray, T., Abbacchi, A., McKenna, K. et al.
(2006). Autistic Social Impairment in the Siblings of Children with Pervasive
Developmental Disorders. American Journal of Psychiatry, 163, 294-296.

Constantino, J.N., Zhang, Y., Frazier, T., Abbacchi, A.M. & Law, P. (2010). Sibling
Recurrence and the Genetic Epidemiology of Autism. American Journal of Psychiatry,
167(11), 1349-1356.

65

Courchesne, E., Pierce, K., Schumann, C.M., Redcay, E., Buckwalter, J.A., Kennedy,
D.P. et al. (2007). Mapping Early Brain Development in Autism. Neuron, 56, 399-413.

Dalton, K.M., Nacewicz, B.M., Alexander, A.L. & Davidson, R.J. (2007). Gaze-Fixation,
Brain Activation, and Amygdala Volume in Unaffected Siblings of Individuals with
Autism. Biological Psychiatry, 61, 512-520.

Dawson, G., Carver, L.J., Meltzoff, A.N., Panagiotides, H., McPartland, J. & Webb, S.J.
(2002). Neural correlates of face recognition in young children with autism spectrum
disorder. Child Development, 73, 700-717.

Dawson, G., Estes, A., Munson, J., Schellenberg, G., Bernier, R. & Abbott, R. (2007).
Quantitative Assessment of Autism Symptom-related Traits in Probands and Parents:
Broader Phenotype Autism Symptom Scale. Journal of Autism and Developmental
Disorders, 37, 523-536.

Dawson, G., Webb, S.J., Wijsman, E., Schellenberg, G., Estes, A., Munson, J. et al.
(2005). Neurocognitive and electrophysiological evidence of altered face processing in
parents of children with autism: Implications for a model of abnormal development of
social brain circuitry in autism. Development and Psychopathology, 17, 679-697.

de Geus, E.J.C. (2002). Introducing genetic psychophysiology. Biological Psychology,
61, 1-10.

66

de Geus, E.J.C. & Boomsma, D.I. (2001). A Genetic Neuroscience Approach to Human
Cognition. European Psychologist, 6(4), 241-253.

de Jonge, M.V., Kemner, C., de Haan, E.H., Coppens, J.E., van den Berg, T.J. & van
Engeland, H. (2007). Visual information processing in high-functioning individuals with
autism spectrum disorders and their parents. Neuropsychology, 21, 65-73.

Delorme, R., Goussé, V., Roy, I., Trandafir, A., Mathieu, F., Mouren-Siméoni, M-C. et
al. (2007). Shared executive dysfunctions in unaffected relatives of patients with autism
and obsessive-compulsive disorder. European Psychiatry, 22, 32-38

Denckla, M.B. & Rudel, R. (1974). Rapid “automatized” naming of pictured objects,
colors, letters and numbers by normal children. Cortex, 10, 186-202.

Dichter, G.S., Lam, K.S.L., Turner-Brown, L.M., Holtzclaw, T.N. & Bodfish, J.W.
(2009). Generativity Abilities Predict Communication Deficits but not Repetitive
Behaviors in Autism Spectrum Disorders. Journal of Autism and Developmental
Disorders, 39, 1298-1304.

Dorris, L., Espie, C. A. E., Knott, F. & Salt, J. (2004). Mind-reading difficulties in the
siblings of people with Asperger's syndrome: evidence for a genetic influence in the

67

abnormal development of a specific cognitive domain. Journal of Child Psychology and
Psychiatry, 45(2), 412-418.

Duchaine, B. & Nakayama, K. (2006). The Cambridge Face Memory Test: Results for
neurologically intact individuals and an investigation of its validity using inverted face
stimuli and prosopagnosic participants. Neuropsychologia 44(4), 576-585.

Duvall, J.A., Lu, A., Cantor, R.M., Todd, R.D., Constantino, J.N. & Geschwind, D.H.
(2007). A Quantitative Trait Locus Analysis of Social Responsiveness in Multiplex
Autism Families. American Journal of Psychiatry, 164, 656-662.

Elsabbagh, M., Volein, A., Csibra, G., Holmboe, K., Garwood, H., Tucker, L. et al.
(2009a). Neural Correlates of Eye Gaze Processing in the Infant Broader Autism
Phenotype. Biological Psychiatry, 65, 31-38.

Elsabbagh, M., Volein, A., Holmboe, K., Tucker, L., Csibra, G., Baron-Cohen, S. et al.
(2009b). Visual orienting in the early broader autism phenotype: disengagement and
facilitation. Journal of Child Psychology and Psychiatry, 50(5), 637-642.

Fenson, L., Dale, P., Reznick, J., et al. (1993). The MacArthur Communicative
Development Inventories: User’s Guide and Technical Manual. San Diego, Calif:
Singular Publishing Group.

68

Folstein, S.E. & Rutter, M.L. (1977). Infantile autism: a genetic study of 21 twin pairs.
Journal of Child Psychology and Psychiatry, 18, 297-321.

Folstein, S.E., Santangelo, S.L., Gilman, S.E., Piven, J., Landa, R., Lainhart, J. et al.
(1999). Predictors of cognitive test patterns in autism families. Journal of Child
Psychology and Psychiatry, 40(7), 1117-1128.

Fombonne, E. (2006). Past and Future Perspectives on Autism Epidemiology. In S.O.
Moldin and J.L.R. Rubenstein (Eds.), Understanding Autism, from Basic Neuroscience to
Treatment (pp. 25-48). Boca Raton: Taylor & Francis.

Fombonne, E., Bolton, P., Prior, J., Jordan, H. & Rutter, M. (1997). A family study of
autism: Cognitive patterns and levels in parents and siblings. Journal of Child
Psychology and Psychiatry, 38(6), 667-683.

Freeman, B.J., Ritvo, E.R., Mason-Brothers, A., Pingree, C., Yokota, A., Jenson, W.R., et
al. (1989). Psychometric Assessment of First-Degree Relatives of 62 Autistic Probands in
Utah. American Journal of Psychiatry, 146(3), 361-364.

Freitag, C.M., Staal, W., Klauck, S.M., Duketis, E. & Waltes, R. (2010). Genetics of
autistic disorders: review and clinical implications. European Child & Adolescent
Psychiatry, 19(3), 169-178.

69

Frith, C. & Corcoran, R. (1996). Exploring ‘theory of mind’ in people with
schizophrenia. Psychological Medicine, 26, 521-530.

Gamliel, I., Yirmiya, N., Jaffe, D.H., Manor, O. & Sigman, M. (2009). Developmental
Trajectories in Siblings of Children with Autism: Cognition and Language from 4
Months to 7 Years. Journal of Autism and Developmental Disorders, 39, 1131-1144.

Gathercole, S.E. & Baddeley, A.D. (1990). Phonological memory deficits in language
disordered children: is there a causal connection? Journal of Memory and Language, 29,
336-360.

Gepner, B. & Féron, F. (2009). Autism: A world changing too fast for a mis-wired brain?
Neuroscience and BioBehavioral Reviews, 33, 1227-1242.

Gepner, B. & Mestre, D.R. (2002). Brief Report: Postural Reactivity to Fast Visual
Motion Differentiates Autistic from Children with Asperger Syndrome. Journal of
Autism and Developmental Disorders, 32(3), 231-238.

Ghaziuddin, M. (2005). A Family History Study of Asperger Syndrome. Journal of
Autism and Developmental Disorders, 35(2), 177-182.

Gillberg, C. (1989). Asperger Syndrome in 23 Swedish children. Developmental
Medicine and Child Neurology, 31, 520-531.

70

Gokcen, S., Bora, E., Erermis, S., Kesikci, H. & Aydin, C. (2009). Theory of Mind and
verbal working memory deficits in parents of autistic children. Psychiatry Research, 166,
46-53.

Gold, N. (1993). Depression and social adjustment in siblings of boys with autism.
Journal of Autism and Developmental Disorders, 23(1), 147-163.

Gold, J.M., Randolph, C., Carpenter, C.J., Goldberg, T.E. & Weinberger, D.R. (1992).
Forms of memory failure in schizophrenia. Journal of Abnormal Psychology, 101, 487494.

Goldberg, W.A., Jarvis, K.L., Osann, K., Laulhere, T.M., Straub, C., Thomas, E. et al.
(2005). Brief Report: Early Social Communication Behaviors in the Younger Siblings of
Children with Autism. Journal of Autism and Developmental Disorders, 35(5), 657-664.

Gosselin, F. & Schyns, P.G. (2001). Bubbles: A technique to reveal the use of
information in recognition tasks. Vision Research, 41, 2261-2271.

Gottesman, I.I. & Gould, T.D. (2003). The Endophenotype Concept in Psychiatry;
Etymology and Strategic Intentions. The American Journal of Psychiatry, 160(4), 636645.

71

Grinter, E.J., Maybery, M.T., Van Beek, P.L., Pellicano, E., Badcock, J.C. & Badcock,
D.R. (2009). Global Visual Processing and Self-Related Autistic-like Traits. Journal of
Autism and Developmental Disorders, 39, 1278-1290.

Happé, F. (1994). An Advanced Test of Theory of Mind: Understanding of Story
Characters’ Thoughts and Feelings by Able Autistic, Mentally Handicapped, and Normal
Children and Adults. Journal of Autism and Developmental Disorders, 24(2), 129-154.

Happé, F., Briskman, J. & Frith, U. (2001). Exploring the cognitive phenotype of autism:
weak ‘central coherence’ in parents and siblings of children with autism: I. Experimental
Tests. Journal of Child Psychology and Psychiatry, 42, 299-307.

Happé, F. & Ronald, A. (2008). The ‘Fractionable Autism Triad’: A Review of Evidence
from Behavioural, Genetic, Cognitive and Neural Research. Neuropsychology Review,
18, 287-304.

Heaton, R.K., Chelune, G.J., Talley, J.L., Kay, G.G. & Curtis, G. (1993). Wisconsin Card
Sorting Test (WCST). Manual revised and expanded. Odessa, FL: Psychological
Assessment Resources.

Hill, E.L. (2004). Executive dysfunction in autism. TRENDS in Cognitive Sciences, 8(1),
26-32.

72

Hoekstra, R.A., Bartels, M., Cath, D.C. & Boomsma, D.I. (2008). Factor Structure,
Reliability and Criterion Validity of the Autism-Spectrum Quotient (AQ): A Study in
Dutch Population and Patient Groups. Journal of Autism and Developmental Disorders,
38, 1555-1566.

Hoekstra, R.A. Happé, F., Baron-Cohen, S. & Ronald, A. (2009). Association between
extreme autistic traits and intellectual disability: insights from a general population twin
study. The British Journal of Psychiatry, 195, 531-536.

Hoekstra, R.A. Happé, F., Baron-Cohen, S. & Ronald, A. (2010). Limited Genetic
Covariance Between Autistic Traits and Intelligence: Findings From a Longitudinal Twin
Study. American Journal of Medical Genetics Part B- Neuropsychiatric Genetics, 153B,
994–1007.

Hoekstra, R.A. & Wheelwright, S. (2010). Autistic Traits in Simplex and Multiplex
Autism Families: Focus on Unaffected Relatives. American Journal of Medical Genetics
Part B (Neuropsychiatric Genetics), 153B, 356–358.

Hollander, E., King, A., Delaney, K., Smith, C.J. & Silverman, J.M. (2003). Obsessivecompulsive behaviors in parents of multiplex autism families. Psychiatry Research, 117,
11-16.

73

Holmboe, K., Elsabbagh, M., Volein, A., Tucker, L.A., Baron-Cohen, S., Bolton, P., et
al. (2010). Frontal cortex functioning in the infant broader autism phenotype. Infant
Behavior and Development, 33(4), 482-491.

Holmboe, K., Fearon, R.M.P., Csibra, G., Tucker, L.A. & Johnson, M.H. (2008). FreezeFrame: A new infant inhibition task and its relation to frontal cortex tasks during infancy
and early childhood. Journal of Experimental Child Psychology, 100(2), 89-114.

Hughes, C., Leboyer, M. & Bouvard, M. (1997). Executive function in parents of
children with autism. Psychological Medicine, 27, 209-220.

Hughes, C., Plumet, M-H. & Leboyer, M. (1999). Towards a Cognitive Phenotype for
Autism: Increased Prevalence of Executive Dysfunction and Superior Spatial Span
amongst Siblings of Children with Autism. Journal of Child Psychology and Psychiatry,
40(5), 705-718.

Hurley, R.S.E., Losh, M., Parlier, M., Reznick, J.S. & Piven, J. (2007). The Broad
Autism Phenotype Questionnaire. Journal of Autism and Developmental Disorders, 37,
1679-1690.

Ibanez, L.V., Messinger, D.S., Newell, L., Lambert, B. & Sheskin, M. (2008). Visual
disengagement in the infant siblings of children with an autism spectrum disorder (ASD).
Autism, 12(5), 473-485.

74

Ingersoll, B., Meyer, K. & Becker, M.W. (2011). Increased Rates of Depressed Mood in
Mothers of Children with ASD Associated With the Presence of the Broader Autism
Phenotype. Autism Research, 4(2), 143-148.

Ioannidis, J.P.A. (2011). Excess Significance Bias in the Literature on Brain Volume
Abnormalities. Archives of General Psychiatry, 68(8), 773-780.

Isler, J.R., Martien, K.M., Grieve, P.G., Stark, R.I. & Herbert, M.R. (2010). Reduced
functional connectivity in visual evoked potentials in children with autism spectrum
disorder. Clinical Neurophysiology, 121, 2035-2043.

Iverson, J.M. & Wozniak, R.H. (2007). Variation in Vocal-Motor Development in Infant
Siblings of Children with Autism. Journal of Autism and Developmental Disorders, 37,
158-170.

Jobe, L.E. & White, S.W. (2007). Loneliness, social relationships, and a broader autism
phenotype in college students. Personality and Individual Differences, 42, 1479-1489.

Jones, C.R.G., Swettenham, J., Charman, T., Marsden, A.J.S., Tregay, J., Baird, G. et al.
(2011). No Evidence for a Fundamental Visual Motion Processing Deficit In Adolescents
with Autism Spectrum Disorders. Autism Research, 4, 1-11.

75

Jolliffe, T. & Baron-Cohen, S. (1997). Are people with Autism and Asperger Syndrome
Faster than Normal on the Embedded Figures Test? Journal of Child Psychology and
Psychiatry, 38(5), 527-534.

Kaiser, M.D., Hudac, C.M., Shultz, S., Lee, S.M., Cheung, C., Berken, A.M. et al.
(2010). Neural signatures of autism. Proceedings of the National Academy of Sciences,
107(49), 21223-21228.

Kanner, L. (1943). Autistic disturbances of affective contact. Nervous Child, 2, 217-250.

Kawakubo, Y., Kuwabara, H., Watanabe, K., Minowa, M., Someya, T., Minowa, I. et al.
(2009). Impaired Prefrontal Hemodynamic Maturation in Autism and Unaffected Siblings
PLoS ONE, 4(9), e6881.

Kleinhans, N.M., Richards, T., Sterling, L., Stegbauer, K.C., Mahurin, R., Johnson, L.C.
et al. (2008). Abnormal functional connectivity in autism spectrum disorders during face
processing. Brain, 131(4), 1000-1012.

Koczat, D.L., Rogers, S.J., Pennington, B.F. & Ross, R.G. (2002). Eye Movement
Abnormality Suggestive of a Spatial Working Memory Deficit Is Present in Parents of
Autistic Probands. Journal of Autism and Developmental Disorders, 32(6), 513-518.

76

Koh, H.C., Milne, E. & Dobkins, K. (2010). Contrast Sensitivity for motion detection and
direction discrimination in adolescents with autism spectrum disorders and their siblings.
Neuropsychologia, 48, 4046-4056.

Kurita, H., Miyake, Y. & Katsuno, K. (1989). Reliability and validity of the Childhood
Autism Rating Scale – Tokyo version (CARS-TV). Journal of Autism and Developmental
Disorders, 19, 389-396.

Lainhart, J.E. (1999). Psychiatric problems in individuals with autism, their parents and
siblings. International Review of Psychiatry, 11, 278-298.

Landa, R., Folstein, S.E. & Isaacs, C. (1991). Spontaneous narrative-discourse
performance of parents of autistic individuals. Journal of Speech and Hearing Research,
34, 1339-1345.

Landa, R., Piven, J., Wzorek, M.M., Gayles, J.O., Chase, G.A., & Folstein, S.E. (1992).
Social language use in parents of autistic individuals. Psychological Medicine, 22, 245254.

Landa, R.J., Holman, K.C. & Garrett-Mayer, E. (2007). Social and Communication
Development in Toddlers With Early and Later Diagnosis of Autism Spectrum Disorders.
Archives of General Psychiatry, 64(7), 853-864.

77

Leboyer, M., Bellivier, F., Nosten-Bertrand, M., Jouvent, R., Pauls, D. & Mallit, J.
(1998). Psychiatric genetics: search for phenotypes. Trends in Neuroscience, 21, 102105.

Le Couteur, A., Bailey, A., Goode, S., Pickles, A., Robertson, S., Gottesman, I. et al.
(1996). A Broader Phenotype of Autism: The Clinical Spectrum in Twins. Journal of
Child Psychology and Psychiatry, 37(7), 785-801.

Leekam, S.R., Neito, C., Libby, S.J., Wing, L. & Gould, J. (2007). Describing the
Sensory Abnormalities of Children and Adults with Autism. Journal of Autism and
Developmental Disorders, 37, 894-910.

Levy, Y. & Bar-Yuda, C. (2011). Language performance in siblings of nonverbal
children with autism. Autism, 15(3), 341-354.

Levy, D., Ronemus, M., Yamrom, B., Lee, Y., Leotta, A., Kendall, J. et al. (2011). Rare
De Novo and Transmitted Copy-Number Variation in Autistic Spectrum Disorders.
Neuron, 70, 886-897.

Lindgren, K. A., Folstein, S. E., Tomblin, J. B. & Tager-Flusberg, H. (2009). Language
and Reading Abilities of Children with Autism Spectrum Disorders and Specific
Language Impairment and Their First-Degree Relatives. Autism Research, 2, 22-38.

78

Lord, C., Rutter, M., & Le Couteur, A. (1994). Autism Diagnostic Interview-Revised: A
revised version of a diagnostic interview for caregivers of individuals with possible
pervasive developmental disorders. Journal of Autism and Developmental Disorders, 24,
659-685.

Lord, C., Rutter, M., DiLavore, P.C. & Risi, S. (2002). Autism diagnostic observation
schedule. Los Angeles: Western Psychological Services.

Losh, M., Adolphs, R., Poe, M. D., Couture, S., Penn, D., Baranek, G. T. et al. (2009).
Neuropsychological Profile of Autism and the Broad Autism Phenotype. Archives of
General Psychiatry, 66(5), 518-526.

Losh, M., Childress, D., Lam, K. & Piven, J. (2008). Defining Key Features of the Broad
Autism Phenotype: A Comparison Across Parents of Multiple- and Single-Incidence
Autism Families. American Journal of Medical Genetics Part B (Neuropsychiatric
Genetics), 147B, 424-433.

Losh, M., Esserman, D. & Piven, J. (2010). Rapid Automatized Naming as an Index of
Genetic Liability to Autism. Journal of Neurodevelopmental Disorders, 2(2), 109-116.

Losh, M. & Piven, J. (2007). Social-cognition and the broad autism phenotype:
identifying genetically meaningful phenotypes. Journal of Child Psychology and
Psychiatry, 48(1), 105-112.

79

Marshall, C.R., Noor, A., Vincent, J.B., Lionel, A.C., Feuk, L., Skaug, J. et al. (2008).
Structural Variation of Chromosomes in Autism Spectrum Disorder. The American
Journal of Human Genetics, 82, 477-488.

McCleery, J.P., Allman, E., Carver, L.J. & Dobkins, K.R. (2007). Abnormal
Magnocellular Pathway Visual Processing in Infants at Risk for Autism. Biological
Psychiatry, 62, 1007-1014.

Merin, N., Young, G.S., Ozonoff, S. & Rogers, S.J. (2007). Visual Fixation Patterns
during Reciprocal Social Interaction Distinguish a Subgroup of 6-Month-Old Infants AtRisk for Autism from Comparison Infants. Journal of Autism and Developmental
Disorders, 37, 108-121.

Micali, N., Chakrabarti, S. & Fombonne, E. (2004). The Broad Autism Phenotype:
Findings from an Epidemiological Survey. Autism, 8(1), 21-37.

Minshew, N.J. & Williams, D.L. (2007). The New Neurobiology of Autism: cortex,
connectivity and neuronal organisation. Archives of Neurology, 64(7), 945-950.

Mosconi, M.W., Kay, M., D’Cruz, A-M., Guter, S., Kapur, K., Macmillan, C. et al.
(2010). Neurobehavioral abnormalities in First-Degree relatives of Individuals with
Autism. Archives of General Psychiatry, 67(8), 830-840.

Mullen, E.M. (1997). Mullen scales of early learning. Los Angeles: Western
Psychological Services.

80

Murphy, M., Bolton, P. F., Pickles, A., Fombonne, E., Piven, J. & Rutter, M. (2000).
Personality traits of the relatives of autistic probands. Psychological Medicine, 30, 14111424.

Nadig, A.S., Ozonoff, S., Young, G.S., Rozga, A., Sigman, M. & Rogers, S.J. (2007). A
Prospective Study of Response to Name in Infants at Risk for Autism. Archives of
Pediatrics and Adolescent Medicine, 161, 378-383.

Narayan, S., Moyes, B. & Wolff, S. (1990). Family Characteristics of Autistic ChildrenA Further Report. Journal of Autism and Developmental Disorders, 20(4), 523-535.

Noland, J.S., Reznick, J.S., Stone, W.L., Walden, T. & Sheridan, E.H. (2010). Better
working memory for non-social targets in infant siblings of children with Autism
Spectrum Disorder. Developmental Science, 13(1), 244-251.

Nydén, A., Hagberg, B., Goussé, V. & Rastam, M. (2011). A cognitive endophenotype of
autism in families with multiple incidence. Research in Autism Spectrum Disorders, 5,
191-200.

Ozonoff, S., Rogers, S.J., Farnham, J.M. & Pennington, B.F. (1993). Can standard
measures identify subclinical markers of autism? Journal of Autism and Developmental
Disorders, 23, 429-441.

81

Palermo, M.T., Pasqualetti, P., Barbati, G., Intelligente, F. & Rossini, P.M. (2006).
Recognition of schematic facial displays of emotion in parents of children with autism.
Autism, 10(4), 353-364.

Palmen, S.J.M.C., Pol, H.E.H., Kemner, C., Schnack, H.G., Sitskoorn, M.M., Appels,
M.C.M. et al. (2005). Brain anatomy in non-affected parents of autistic probands: a MRI
study. Psychological Medicine, 35, 1411-1420.

Pellicano, E. (2011). Psychological models of autism: an overview. In I. Roth and P.
Rezaie (Eds.), Researching the Autism Spectrum: Contemporary Perspectives (pp. 219265). Cambridge University Press.

Pellicano, E., Gibson, L., Maybery, M., Durkin, K. & Badcock, D.R. (2005). Abnormal
global processing along the dorsal visual pathway in autism: A possible mechanism for
weak visuospatial coherence? Neuropsychologia, 43, 1044-1053.

Peterson, E., Schmidt, G.L., Tregellas, J.R., Winterrowd, E., Kopelioff, L., Hepburn, S. et
al. (2006). A voxel-based morphometry study of gray matter in parents of children with
autism. NeuroReport, 17(12), 1289-1292.

82

Pickles, A., Starr, E., Kazak, S., Bolton, P., Papanikolaou, K., Bailey, A. et al. (2000).
Variable Expression of the Autism Broader Phenotype: Findings from Extended
Pedigrees. Journal of Child Psychology and Psychiatry, 41(4), 491-502.

Pilowsky, T., Yirmiya, N., Gross-Tsur, V. & Shalev, R.S. (2007). Neuropsychological
Functioning of Siblings of Children with Autism, Siblings of Children with
Developmental language Delay, and Siblings of Children with Mental Retardation of
Unknown Genetic Etiology. Journal of Autism and Developmental Disorders, 37, 537552.

Pilowsky, T., Yirmiya, N., Shalev, R.S. & Gross-Tsur, V. (2003). Language abilities of
siblings of children with autism. Journal of Child Psychology and Psychiatry, 44(6), 914925.

Pinto, D., Pagnamenta, A.T., Klei, L., Anney, R., Merico, D., Regan, R. et al. (2010).
Functional impact of global rare copy number variation in autism spectrum disorders.
Nature, 466(7304), 368-372.

Piven, J., Chase, G.A., Landa, R., Wzorek, M., Gayle, J., Cloud, D. et al. (1991).
Psychiatric Disorders in the Parents of Autistic Individuals. Journal of the American
Academy of Child and Adolescent Psychiatry, 30(3), 471-478.

83

Piven, J., Gayle, J., Chase, G.A., Fink, B., Landa, R., Wzorek, M.M. et al. (1990). A
family history study of neuropsychiatric disorders in the adult siblings of autistic
individuals. Journal of the American Academy of Child and Adolescent Psychiatry,
29(2), 177-183.

Piven, J. & Palmer, P. (1997). Cognitive Deficits in Parents from Multiple-incidence
Autism Families. Journal of Child Psychology and Psychiatry, 38(8), 1011-1021.

Piven, J. & Palmer, P. (1999). Psychiatric Disorder and the Broad Autism Phenotype:
Evidence from a Family Study of Multiple-Incidence Autism Families. American Journal
of Psychiatry, 156(4), 557-563.

Piven, J., Palmer, P., Jacobi, D., Childress, D. & Arndt, S. (1997a). Broader Autism
Phenotype: Evidence From a Family History Study of Multiple-Incidence Autism
Families. American Journal of Medical Psychiatry, 154(2), 185-190.

Piven, J., Palmer, P., Landa, R., Santangelo, S., Jacobi, D., & Childress, D. (1997b).
Personality and Language Characteristics in Parents From Multiple-Incidence Autism
Families. American Journal of Medical Genetics Part B (Neuropsychiatric Genetics), 74,
398-411.

84

Piven, J., Wzorek, M., Landa, R., Lainhart, J., Bolton, P., Chase, G.A. et al. (1994).
Personality Characteristics of the parents of autistic individuals. Psychological Medicine,
24, 783-795.

Pourcain, B.S., Wang, K., Glessner, J.T., Golding, J., Steer, C., Ring, S.M. et al. (2010).
Association Between a High-Risk Autism Locus on 5p14 and Social Communication
Spectrum Phenotypes in the General Population. American Journal of Psychiatry, 167,
1364-1372.

Presmanes, A.G., Walden, T.A., Stone, W.L. & Yoder, P.J. (2007). Effects of Different
Attentional Cues on Responding to Joint Attention in Younger Siblings of Children with
Autism Spectrum Disorders. Journal of Autism and Developmental Disorders, 37, 133144.

Reitan, R.M. (1979). Trail Making Test. Göttingen, Germany: Hogrefe.

Robbins, T.W., James, M., Owen, A., Sahakian, B.J., McInnes, L. & Rabbitt, P.M.
(1994). Cambridge Neuropsychological Test Automated Battery (CANTAB): a factor
analytic study of a large sample of normal elderly volunteers. Dementia, 5, 266-281.

Rojas, D.C., Maharajh, K., Teale, P. & Rogers, S.J. (2008). Reduced neural
synchronization of gamma-band MEG oscillations in first-degree relatives of children
with autism. BMC Psychiatry, 8, 66.

Rojas, D.C., Smith, J.A., Benkers, T.L., Camou, S.L., Reite, M.L. & Rogers, S.J. (2004).
Hippocampus and amygdala volumes in parents of children with autistic disorder.
American Journal of Psychiatry, 161(11), 2038-2044.
85

Rojas, D.C., Teale, P.D., Maharajh, K., Kronberg, E., Youngpeter, K., Wilson, L. et al.
(2011). Transient and steady-state auditory gamma-band responses in first-degree
relatives of people with autism spectrum disorder. Molecular Autism, 2, 11.

Rommelse, N.N.J., Geurts, H.M., Franke, B., Buitelaar, J.K. & Hartman, C.A. (2011). A
review on cognitive and brain endophenotypes that may be common in autism spectrum
disorder and attention-deficit/ hyperactivity disorder and facilitate the search for
pleiotropic genes. Neuroscience & Biobehavioral Reviews, doi:
10.1016/j.neubiorev.2011.02.015.

Ronald, A. & Hoekstra, R.A. (2011). Autism Spectrum Disorders and Autistic Traits: A
Decade of New Twin Studies. American Journal of Medical Genetics Part B
(Neuropsychiatric Genetics), doi: 10.1002/ajmg.b.31159.

Ruser, T.F., Arin, D., Dowd, M., Putnam, S., Winklosky, B., Rosen-Sheidley, B. et al.
(2007). Communicative Competence in Parents of Children with Autism and Parents of
Children with Specific Language Impairment. Journal of Autism and Developmental
Disorders, 37, 1323-1336.

Ruta, L., Mazzone, D., Mazzone, L., Wheelwright, S. & Baron-Cohen, S. (2011). The
Autism-Spectrum Quotient- Italian Version: A Cross-Cultural Confirmation of the
Broader Autism Phenotype. Journal of Autism and Developmental Disorders, doi:
10.1007/s10803-011-1290-1

86

Rutter, M. (2000). Genetic Studies of Autism: From the 1970s into the Millennium.
Journal of Abnormal Child Psychology, 28(1), 3-14.

Sanders, S.J., Ercan-Sencicek, A.G., Hus, V., Luo, R., Murtha, M.T., Moreno-De-Luca,
D. et al. (2011). Multiple Recurrent De Novo CNVs, Including Duplications of the
7q11.23 Williams Syndrome Region, Are Strongly Associated with Autism. Neuron, 70,
863-885.

Santangelo, S.L. & Folstein, S.E. (1995). Social deficits in the families of autistic
probands. American Journal of Human Genetics, 57(4), 89-89.

Scheeren, A. M. & Stauder, J. E. A. (2008). Broader Autism Phenotype in Parents of
Autistic Children: Reality or Myth? Journal of Autism and Developmental Disorders, 28,
276-287.

Schmidt, G.L., Kimel, L.K., Winterrowd, E., Pennington, B.F., Hepburn, S.L. & Rojas,
D.C. (2008). Impairments in phonological processing and nonverbal intellectual function
in parents of children with autism. Journal of Clinical and Experimental
Neuropsychology, 30(5), 557-567.

Schmitz, N., Rubia, K., Daly, E., Smith, A., Williams, S. & Murphy, D.G.M. (2006).
Neural correlates of executive function in autistic spectrum disorders. Biological
Psychiatry, 59(1), 7-16.

87

Schumann, C.M., Bloss, C.S., Barnes, C.C., Wideman, G.M., Carper, R.A., Akshoomoff,
N. et al. (2010). Longitudinal Magnetic Resonance Imaging Study of Cortical
Development through Early Childhood in Autism. Journal of Neuroscience, 30(12),
4419-4427.

Sebat, J., Lakshmi, B., Malhotra, D., Troge, J., Lese-Martin, C., Walsh, T. et al. (2007).
Strong Association of De Novo Copy Number Mutations with Autism. Science, 316, 445449.

Seidman, I., Yirmiya, N., Milshtein, S., Ebstein, R.P. & Levi, S. (2011). The Broad
Autism Phenotype Questionnaire: Mothers Versus Fathers of Children with an Autism
Spectrum Disorder. Journal of Autism and Developmental Disorders, doi:
10.1007/s10803-011-1315-9.

Semel, E., Wiig, E.H. & Secord, W.A. (1995). Clinical evaluation and language
fundamentals (CELF-III) (3rd Edition). San Antonio, TX: Psychological Corporation,
Harcourt Brace.

Shah, A. & Frith, U. (1983). An islet of ability in autistic children: a research note.
Journal of Child Psychology and Psychiatry, 24(4), 613-620.

Shah, A. & Frith, U. (1993). Why do autistic individuals show superior performance on
the Block Design task? Journal of Child Psychology and Psychiatry, 34, 1351-1364.

88

Shaked, M., Gamliel, I. & Yirmiya, N. (2006). Theory of mind abilities in young siblings
of children with autism. Autism, 10(2), 173-187.

Shallice, T. (1982). Specific Impairments of Planning. Philosophical Transactions of the
Royal Society London B, 298, 199-209.

Simon, H.A. (1975). The functional equivalence of problem solving skills. Cognitive
Psychology, 7, 268-288.

Smalley, S.L. & Asarnow, R.F. (1990). Cognitive subclinical markers in autism. Journal
of Autism and Developmental Disorders, 20(2), 271-278.

Smalley, S., McCracken, J. & Tanguay, P. (1995). Autism, affective disorders, and social
phobia. American Journal of Medical Genetics, 60(1), 19-26.

Smith, C. J., Lang, C. M., Kryzak, L., Reichenberg, A., Hollander, E. & Silverman, J. M.
(2009). Familial associations of intense preoccupations, an empirical factor of the
restricted, repetitive behaviors and interests domain of autism. Journal of Child
Psychology and Psychiatry, 50(8), 982-990.

89

Spencer, M.D., Holt, R.J., Chura, L.R., Suckling, J., Calder, A.J., Bullmore, E.T. et al.
(2011). A novel functional brain imaging endophenotype of autism: the neural response
to facial expression of emotion. Translational Psychiatry, 1, e19.

Spencer, J., O’Brien, J., Riggs, K., Braddick, O., Atkinson, J. & Wattam-Bell, J. (2000).
Motion processing in autism: Evidence for a dorsal stream deficiency. Neuroreport, 11,
2765-2767.

Starr, E., Berument, S.K., Pickles, A., Tomlins, M., Bailey, A., Papanikolaou, K. et al.
(2001). A Family Genetic Study of Autism Associated with Profound Mental
Retardation. Journal of Autism and Developmental Disorders, 31(1), 89-96.

Stone, W.L., McMahon, C.R., Yoder, P.J. & Walden, T.A. (2007). Early SocialCommunicative and Cognitive Development of Younger Siblings of Children with
Autism Spectrum Disorders. Archives of Pediatrics and Adolescent Medicine, 161, 384390.

Sullivan, M., Finelli, J., Marvin, A., Garrett-Mayer, E., Bauman, M. & Landa, R. (2007).
Response to Joint Attention in Toddlers at Risk for Autism Spectrum Disorder: A
Prospective Study. Journal of Autism and Developmental Disorders, 37, 37-48.

90

Sumiyoshi, C., Kawakubo, Y., Suga, M., Sumiyoshi, T. & Kasai, K. (2010). Impaired
ability to organise information in individuals with autism spectrum disorders and their
siblings. Neuroscience Research, doi:10.1016/j.neures.2010.11.007.

Szatmari, P., Georgiades, S., Duku, E., Zwaigenbaum, L., Goldberg, J. & Bennett, T.
(2008). Alexithymia in Parents of Children with Autism Spectrum Disorder. Journal of
Autism and Developmental Disorders, 38, 1859-1865.

Szatmari, P., Jones, M.B., Tuff, L., Bartolucci, G., Fisman, S. & Mahoney, W. (1993).
Lack of cognitive impairment in first-degree relatives of pervasive developmental
disorder probands. Journal of the American Academy of Child and Adolescent
Psychiatry, 32, 1264-1273.

Szatmari, P., MacLean, J.E., Jones, M.B., Bryson, S.E., Zwaigenbaum, L., Bartolucci, G.
et al. (2000). The familial aggregation of the lesser variant in biological and nonbiological relatives of PDD probands: A family history study. Journal of Child
Psychology and Psychiatry, 41, 579-586.

Tager-Flusberg, H. & Joseph, R. M. (2003). Identifying Neurocognitive Phenotypes in
Autism. Philosophical Transactions of the Royal Society of London Part B, 358, 303-314.

91

Takarae, Y., Minshew, N.J., Luna, B. & Sweeney, J.A. (2007). Atypical involvement of
fronto-striatal systems during sensorimotor control in autism. Psychiatry Research,
156(2), 117-127.

Taniai, H., Nishiyama, T., Miyachi, T., Imaeda, M. & Sumi, S. (2008). Genetic
influences on the broad spectrum of autism: study of proband-ascertained twins.
American Journal of Medical Genetics Part B (Neuropsychiatric Genetics), 147B, 844849.

Teller, D.Y. (1979). The forced-choice preferential looking procedure: A psychophysical
technique for use with human infants. Infant Behavior and Development, 2, 135-153.

Toth, K., Dawson, G., Meltzoff, A.N., Greenson, J. & Fein, D. (2007). Early Social,
Imitation, Play, and Language Abilities of Young Non-Autistic Siblings of Children with
Autism. Journal of Autism and Developmental Disorders, 37, 145-157.

Tronick, H., Adamson, L., Wise, S. & Brazelton, B. (1978). The Infant’s Response to
Entrapment between Contradictory Messages in Face-To-Face Interaction. American
Academy of Child Psychiatry, 17, 1-13.

Virkud, Y. V., Todd, R. D., Abbacchi, A., Zhang, Y. & Constantino, J. N. (2009).
Familial Aggregation of Quantitative Autistic Traits in Multiplex Versus Simplex

92

Autism. American Journal of Medical Genetics Part B (Neuropsychiatric Genetics),
150B, 328-334.

Wallace, S., Sebastian, C., Pellicano, E., Parr, J. & Bailey, A. (2010). Face processing
abilities in relatives of individuals with ASD. Autism Research, 3(6), 345-349.

Wass, S. (2011). Distortions and disconnections: Disrupted brain connectivity in autism.
Brain and Cognition, 75, 18-28.

Weiss, L. A. (2009). Autism genetics: emerging data from genome-wide copy-number
and single nucleotide polymorphism scans. Expert Review of Molecular Diagnostics,
9(8), 795-803.

Weschler, D. (1949) Weschler Intelligence Scale for children. New York: The
Psychological Corporation.

Wetherby, A. & Prizant, B. (2002). CSBS DP Manual: Communication and Symbolic
Behavior Scales Developmental Profile. Baltimore, MD: Paul H Brookes Publishing Co.

Wheelwright, S., Auyeung, B., Allison, C. & Baron-Cohen, S. (2010). Defining the
broader, medium and narrow autism phenotype among parents using the Autism
Spectrum Quotient (AQ). Molecular Autism, 1, 1-10.

93

Whitehouse, A. J. O., Barry, J. G., & Bishop, D. V. M. (2007). The Broader Language
Phenotype of Autism: a comparison with specific language impairment. Journal of Child
Psychology and Psychiatry, 48(8), 822-830.

Whitehouse, A.J.O. & Bishop, D.V.M. (2009). The Children’s Communication Checklist
– Adult version (CC-A). London: Pearson.

Whitehouse, A.J.O., Coon, H., Miller, J., Salisbury, B. & Bishop, D.V.M. (2010).
Narrowing the broader autism phenotype: a study using the Communication Checklist Adult Version (CC-A). Autism, 14(6), 559-574.

White, S., Hill, E., Happé, F. & Frith, U. (2009). Revisiting the strange stories: Revealing
Mentalizing Impairments in Autism. Child Development, 80(4), 1097-1117.

White, S.J. & Saldaña, D. (2011). Performance of Children with Autism on the
Embedded Figures Test: A Closer Look at a Popular Task. Journal of Autism and
Developmental Disorders, doi: 10.1007/s10803-011-1182-4.

Wilcox, J.A., Tsuang, M.T., Schnurr, T. & Baida-Fragoso, N. (2003). Case-Control
Family Study of Lesser Variant Traits in Autism. Neuropsychobiology, 47(4), 171-177.

Wilson, C.E., Freeman, P., Brock, J., Burton, A.M. & Palermo, R. (2010). Facial Identity
Recognition in the Broader Autism Phenotype. PLoS One, 5(9), e12876.

94

Wilson, T.W., Rojas, D.C., Reite, M.L., Teale, P.D. & Rogers, S.J. (2007). Children and
Adolescents with Autism Exhibit Reduced MEG Steady-State Gamma Responses.
Biological Psychiatry, 62, 192-197.

Witkin, H.A., Oltman, P.K., Raskin, E. & Karp, S.S. (1971). A manual for the embedded
figures tests. Palo Alto, CA: Consulting Psychologists Press.

Wolff, S., Narayan, S., & Moyes, B. (1988). Personality characteristics of parents of
autistic children: a controlled study. Journal of Child Psychology and Psychiatry, 29(2),
143-153.

Wong, D., Maybery, M., Bishop, D.V.M., Maley, A. & Hallmayer, J. (2006). Profiles of
executive function in parents and siblings of individuals with autism spectrum disorders.
Genes, Brain and Behavior, 5, 561-576.

Yirmiya, N., Gamliel, I., Pilowsky, T., Feldman, R., Baron-Cohen, S. & Sigman, M.
(2006). The development of siblings of children with autism at 4 and 14 months: social
engagement, communication, and cognition. Journal of Child Psychology and
Psychiatry, 47(5), 511-523.

95

Yirmiya, N., Gamliel, I., Shaked, M. & Sigman, M. (2007). Cognitive and Verbal
Abilities of 24- to 36-month-old Siblings of Children with Autism. Journal of Autism and
Developmental Disorders, 37, 218-229.

Yirmiya, N. & Shaked, M. (2005). Psychiatric disorders in parents of children with
autism: a meta-analysis. Journal of Child Psychology and Psychiatry, 46(1), 69-83

96

Table 1. An early emerging BAP? A summary of research studies reporting autistic traits in the ‘at-risk’ infant siblings of autistic
probands.
Category

Behavioural
level

1. Language and
communication

Candidate Traits

•
•
•

2. Motor development

•

3. Social interaction

Semantic-pragmatic
language
Language delay
Rate of communicating

Support in
research literature*
(number of studies
reviewed)
+ + (1)

Measures used (examples)

•

Autism Diagnostic Observational Schedule
(Ben-Yizhak et al. 2011)

sig. levels not reported (3)
++
(1)

•

Communication and Symbolic Behavior Scale
Developmental Profile (Toth et al. 2007)
Videotape rating of posture bouts (Iverson and
Wozniak 2007)
Responding to Name task (Nadig et al. 2007)
Early Social Communication Scales (Goldberg
et al. 2005)
Responding to Joint Attention task (Presmanes
et al. 2007)
Communication and Symbolic Behavior Scale
Developmental Profile (Toth et al. 2007)
Early Social Communication Scales (Goldberg
et al. 2005)
Early Social Communication Scales (Goldberg
et al. 2005)
The face-to-face/ still-face paradigm (Cassel et
al. 2007, Merin et al. 2007)
The face-to-face/ still-face paradigm (Cassel et
al. 2007, Merin et al. 2007)

++

(1)

•

•
•

Reduced time spent in
different postures
Response to name
Initiation of Joint Attention

-/+
+

(2)
(3)

•
•

•

Response to Joint Attention

+

(5)

•

•

Joint attention (combined)

--

(1)

•

•

Reduced requesting
behaviours
Response to Social
Interaction
Atypical gaze shifting

+

(4)

•

++

(1)

•

-/+

(5)

•

+

(3)

•

•
•
•

•

•

Reduced social smiling/
higher rates of ‘neutral
affect’ during FFSF task
Weaker mother-infant
synchrony for infant-led
interactions during free play
Reduced gaze towards
caregiver’s eyes, relative to

++

++

(1)

(1)
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•

Coding of mother-infant free play interactions
(Yirmiya et al. 2006)

•

The face-to-face/ still-face paradigm (Cassel et
al. 2007, Merin et al. 2007)

•
•
•
•
•

Cognitive
level

4. Repetitive, restrictive
behaviours and interests

•

5. Social cognition

•

6. Executive functioning

•

7. Visual attention

•
•

•
8. Language ability

•

mouth
Reduced symbolic
behaviour during free play
Fewer distal gestures (e.g.
pointing)
Fewer conventional
gestures
Imitation difficulties
Reduced functional play
behaviour
Higher non-functional
repeated behaviours (e.g.
banging and chewing on
toys)
‘Theory of Mind’
understanding
Enhanced working memory
for non-social targets
Attentional disengagement
Difficulties automatically
orienting to targets/ forming
expectations about visual
environment
Face processing: increased
attention to mouth, relative
to eyes
Receptive/ expressive
language abilities

-/+

(2)

•

++

(1)

•

--

(1)

•

--

(1)

--

(1)

•
•

++

(1)

•

--

(1)

++

(1)

•
•
•

Strange Stories Task (Shaked et al. 2006)
False Belief Task (Shaked et al. 2006)
Modified ‘Peekaboo’ Game (Noland et al. 2009)

- /+

(2)

•

Visual orienting task (Elsabaggh et al. 2009b)

++

(1)

•

Visual orienting task (Elsabaggh et al. 2009b)

++

(1)

•

The face-to-face/ still-face paradigm (Ibanez et al.
2008. Merin et al. 2007)

+

(6)

•

The Mullen Scales of Early Learning (Toth et al.
2007)
Clinical Evaluation of Language Fundamentals for
pre-school children (Levy and Bar Yuda 2011)
Forced-Choice Preferential Looking Paradigm using
chromatic and luminance gratings (McCleery et al.
2007)
Bayley Scales of Infant Development, 2nd Edition
(Yirmiya et al. 2007)

•
9. Contrast sensitivity

•

Luminance contrast
sensitivity

++

(1)

•

10. General Cognitive abilities

•

Delays in general cognitive
development

--

(5)

•
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Communication and Symbolic Behavior Scale
Developmental Profile (Toth et al. 2007)
Communication and Symbolic Behavior Scale
Developmental Profile (Toth et al. 2007)
Communication and Symbolic Behavior Scale
Developmental Profile (Toth et al. 2007)
Battery of imitation tasks (Toth et al. 2007)
Coding of free-play assessment (Christensen et al.
2010)
Coding of free-play assessment (Christensen et al.
2010)

*scoring system approximately indicates the percentage of studies reviewed that report statistically significant differences between autism relatives and
clinical/ non-clinical control groups

+ + = 80-100%
+ = 60-80%
- / + = 40-60%
- = 20-40%
- - = 0-20%
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Table 2. Candidate traits constituting the BAP in older relatives.

Category

Behavioural
level

1. Language and
communication

Candidate Traits

•
•
•
•
•

2. Social interaction

•
•
•
•

Measures used (examples)

•
•

-/+

(2)

•

-/+

(5)

•

++

(1)

•

++

(4)

•

++
++

(1)
(4)

•
•

no control groups (1)

•

no control groups (1)

•

•
•

Reduced social
expressiveness
Reduced social
responsiveness
Poor social skills
Reduced social engagement

•

Rigidity

+

(5)

•

•

Circumscribed interests

--

(2)

•

•
•

3. Repetitive, restrictive
behaviours and interests

Pragmatic difficulties
Broadly defined
communication difficulties
Structural language
problems
Reading/ writing/ spelling
and articulation problems
Difficulties engaging in
spontaneous narrative
discourse
Broadly defined social
difficulties
Alexithymia
Reduced quality/ number of
social relationships
Reduced social motivation

Support in
research literature*
(number of studies
reviewed)
+ + (8)
+ + (9)

++

(2)

•

++
++

(6)
(1)

•
•

Pragmatic Rating Scale (Losh et al. 2008)
Autism Family History Interview (Folstein et al. 1999,
Pickles et al. 2000, Piven et al. 1997a)
Children’s Communication Checklist-2 (Bishop et al.
2006)
Autism Family History Interview (Folstein et al. 1999,
Pickles et al. 2000, Piven et al. 1997a)
Narrative discourse task (Landa et al. 1991)

Autism Family History Interview (Folstein et al. 1999,
Pickles et al. 2000, Piven et al. 1997a)
Toronto Alexithymia Scale-20 (Szatmari et al. 2008)
The Friendship Interview (Losh and Piven 2007)
Broader Phenotype Autism Symptom Scale (Dawson et
al. 2007)
Broader Phenotype Autism Symptom Scale (Dawson et
al. 2007)
The Social Responsiveness Scale (Constantino et al.
2006)
Autism-Spectrum Quotient (Bishop et al. 2004)
Communication Checklist – Adult Version (Whitehouse
et al. 2010)
Modified Personality Assessment Schedule-Revised
(Losh et al. 2008)
Clinical interview (Wolff et al. 1988)
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•
•
Cognitive
level

4. Social cognition

•
•
•
•

•
•
•
5. Executive Function and
visuospatial memory

•
•
•
•
•
•
•

6. Visual attention, sensory
integration and sensorimotor
functioning

•
•
•
•

•

Broadly defined stereotyped
behaviours
Reports of real-life nonsocial skills and preferences
Theory of Mind ability
Emotion recognition
Trustworthiness of faces
Discerning emotional
content of complex social
scenes
Differences in face
processing strategy
Face recognition/ memory
ability
Eye gaze processing/ social
orienting difficulties
Mental flexibility/ setshifting
Reduced planning ability
Ideational Fluency
Verbal fluency
Design fluency
‘Association fluency’
Inhibition/ working memory
problems (verbal/ spatial)
Spatial span
local attentional biases/
‘weak central coherence’
Susceptibility to visual
illusion
‘Complex’ divided,
selective attention/ selective
inhibition
Attentional engagement/
disengagement

+

(4)

•

Autism Family History Interview (Piven et al. 1997a)

++

(1)

•

+
+
++
++

(7)
(7)
(1)
(1)

•
•
•
•

Real life styles and preferences questionnaire (Briskman
et al. 2001)
The Mind in Eyes Test (Baron-Cohen and Hammer 1997)
Emotion Recognition Test (Bölte and Poustka 2003)
Trustworthiness of Faces Task (Losh et al. 2009)
Movie Stills Task (Losh et al. 2009)

++

(1)

•

-/+

(4)

•

‘Pictures of Facial affect’/ ‘Bubbles’ Task (Adolphs et al.
2008)
Facial Recognition Task (Dalton et al. 2007)

++

(2)

•

Directional Judgement Task (Wallace et al. 2010)

-

(9)

•

Wisconsin Card Sorting Test (Bölte and Poustka 2006)

-/+
++
-/+
--

(9)
(1)
(5)
(2)
(1)
(6)

•
•
•
•
•
•

Tower of Hanoi (Losh et al. 2009)
Pattern meanings (Wong et al. 2006)
FAS Verbal Fluency Task (Hughes et al. 1999)
The Design Fluency Task (Delorme et al. 2007)
The Association Fluency Task (Delorme et al. 2007)
Delayed Oculomotor Response Task (Koczat et al. 2002)

+
-/+

(3)
(6)

•
•

Spatial span task (Hughes et al. 1999)
Embedded Figures Task (Happé et al. 2001)

++

(1)

•

Titchener Circles Illusion (Happé et al. 2001)

++

(1)

•

Visual, divided attention task (Belmonte et al. 2010)

++

(1)

•

The Detection Task (Scheeren and Stauder 2008)
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Oculomotor abnormalities
(e.g. open-loop pursuit gain)
Phonological Processing

++

(1)

•

-

(3)

•

-/+

(4)

•

--

(3)

•

•

Rapid Automatised Naming
(RAN)
Receptive and expressive
language ability
Reading ability

+

(5)

•

•

Spelling ability

-/+

(5)

•

8. Motion Perception

•

-/+

(2)

•

9. General Cognitive abilities

•

-/+

(12)

•

WAIS-R/ WISC-R (Fombonne et al. 1997)

10. Other Psychiatric
Conditions

•

++

(10)

•

The Maudsley SADS-L (Bolton et al. 1998)

•

Luminance contrast
sensitivity/ ‘atypical
Magnocellular pathway
functioning’
Intellectual functioning/
disability
Depression/ affective
disorder
Social phobia

The Clinical Evaluation of Language Fundamentals, 3rd
Edition (Lindgren et al. 2009, Pilowsky et al. 2003)
The Woodcock-Johnson Psycho-Educational BatteryRevised (Lindgren et al. 2009)
The Schonell Graded Word Spelling Test-B (Fombonne
et al. 1997)
Detection and Motion Tasks (Koh et al. 2010)

++

(2)

•

•

Anxiety disorder

+

(4)

•

•

++

(6)

•

•
•

Obsessive Compulsive
Disorder
Motor tics
Schizophrenia

Schedule for Affective Disorders and Schizophrenia
(Piven and Palmer 1999)
Self-report and GP medical records on family psychiatric
history (Micali et al. 2004)
Autism Family History Interview (Bolton et al. 1998)

-/+
--

(2)
(2)

•
•
•

•

Alcoholism

--

(2)

Autism Family History Interview (Bolton et al. 1998)
Autism Family History Interview (Ghaziuddin 2005)
Autism Family History Interview (Piven and Palmer
1999)

•

Rigid

+

(5)

•

•

Impulsive

-/+

(2)

•

•

Aloof

++

(5)

•

The Modified Personality Assessment Schedule-Revised
(Losh et al. 2008, 2009, Murphy et al. 2000)
The Modified Personality Assessment Schedule-Revised
(Losh et al. 2008, 2009, Murphy et al. 2000)
The Modified Personality Assessment Schedule-Revised

•
7. Language ability

•
•
•

Psychiatric
history

Personality
Traits

11. Personality Traits

Saccade and foveofugal step-ramp tasks (Mosconi et al.
2010)
The Comprehensive Test of Phonological Processing
(Lindgren et al. 2009)
Object and Colour naming tasks (Losh et al. 2010)
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•

Shy

-/+

(2)

•

•

Untactful

-/+

(4)

•

•

Schizoid/ reserved

++

(2)

•

•

Irritable

-/+

(2)

•

•

Hypersensitive

+

(5)

•

•
•

Neuroticism
Undemonstrative

++
-

(2)
(3)

•
•

•

Anxious

+

(4)

•

•

Conscientious

-

(5)

•

(Losh et al. 2008, 2009, Murphy et al. 2000)
The Modified Personality Assessment Schedule-Revised
(Losh et al. 2008, 2009, Murphy et al. 2000)
The Modified Personality Assessment Schedule-Revised
(Losh et al. 2008, 2009, Murphy et al. 2000)
Personality Style and Disorder Inventory (Bölte et al.
2007)
The Modified Personality Assessment Schedule-Revised
(Piven et al. 1994)
The Modified Personality Assessment Schedule-Revised
(Piven et al. 1994)
The NEO personality inventory (Losh et al. 2008)
The Modified Personality Assessment Schedule-Revised
(Piven et al. 1994)
The Modified Personality Assessment Schedule-Revised
(Piven et al. 1994)
The Modified Personality Assessment Schedule-Revised
(Piven et al. 1994)

*scoring system approximately indicates the percentage of studies reviewed that report statistically significant differences between autism relatives and
clinical/ non-clinical control groups

+ + = 80-100%
+ = 60-80%
- / + = 40-60%
- = 20-40%
- - = 0-20%
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Table 3. Neurofunctional and neurostructural atypicalities linked to the aetiology of the
BAP. Only a small number of neuroimaging studies have currently been carried out on
the relatives of autistic probands
Type of
neuroimaging
study
1. fMRI

Brain Region(s) affected

Left medial Temporal
Gyrus, Inferior Frontal
Gyrus
Temporal Poles, right
middle/ left posterior
Superior Temporal
Sulcus, right Fusiform
Face Area, left superior
Frontal Gyrus, left
dorsomedial prefrontal
cortex.
Fusiform Gyrus
Fusiform Gyrus, Left
dorsolateral prefrontal
cortex, Right inferior
Temporal Gyrus
Extra striate cortex: left
lingual gyrus and right
middle occipital gyrus

2. Near-infrared
spectroscopy
3. ERP

Fronto-cerebellar
complex
Anterior Prefrontal cortex

Inferior right and left
posterior temporal
electrodes

Anterior central, left and
right temporal and
posterior electrodes

4. MEG

N/A

Functional or
Structural
Atypicality
Hypoactive

Task

Relative(s)
studied

Study

The Mind in Eyes
test

Parents

Baron-Cohen et al.
(2006)

Hypoactive

Facial Emotion
Processing Task
(Happy vs.
Neutral)

Siblings

Spencer et al.
(2011)

Hypoactive

Facial
Recognition task
Biological
motion task

Siblings

Dalton et al. (2007)

Siblings

Kaiser et al. (2010)

Hypoactive

Hypoactive

The Embedded
Figures task

Parents

Baron-Cohen et al.
(2006)

Delayed activation

Visual ‘divided
attention’ task
Verbal fluency
task

Siblings

Belmonte et al.
(2010)
Kawakubo et al.
(2009)

Face recognition
sub-tests from
WMS-III and
Woodcock
Johnson Object
Recognition
Subtest
Direct vs.
Averted Gaze
Task using static
face stimuli

Parents

Dawson et al.
(2005)

‘At-risk’
infant
siblings

Elsabaggh et al.
(2009)

Parents

Rojas et al. (2008)

Changes in [oxy-Hb]
intermediate between
autism and controls
Shorter latency N170
to faces vs. Objects/
No right-hemisphere
lateralised ERP
pattern to faces

Prolonged latency in
‘P-400’ ERP
component in
response to direct
gaze
Increased induced
gamma-band power
at 40Hz/ reduced
evoked gamma-band

Presentation of
auditory (puretone) stimuli

Siblings
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N/A

5. sMRI

6. DTI

Amygdala
Left Hippocampus
Inferior/ medial Frontal
Gyri and cerebellum
Temporo-parietal
junctions, medial
prefrontal and superior
temporal regions

power/ phase-locking
factor
Reduced gammaband phase locking
factor and phaselocked power

Smaller volume
Larger volume
Significant increases
in gray matter
Significantly reduced
white matter/ axial
diffusivity

Presentation of
auditory stimuli:
30/40/48 Hz
amplitudemodulated
sounds
N/A
N/A
N/A

Parents

Rojas et al. (2011)

Siblings
Parents
Parents

N/A

Siblings

Dalton et al. (2007)
Rojas et al. (2004)
Peterson et al.
(2006)
Barnea-Goraly et
al. (2010)
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