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Abstract
The objective in this program of research was to investigate mental health during
toddlerhood in children at familial high-risk for Autism Spectrum Disorders (ASD)
by virtue of having an older sibling with the diagnosis. Research has shown that
siblings of children with ASD are almost 20 times more likely to have ASD than
general population samples. However, there have been mixed results on whether
these high-risk siblings are also at increased risk for mental health difficulties.
Arguably, this increased risk for mental health problems may be due to both genetic
and environmental risk factors. Firstly, ASD confers increased risk for mental health
problems. Secondly, high-risk siblings may be at increased risk for temperamental
difficulties, which are a known risk factor for mental health problems in typically
developing samples. Thirdly, environmental risk factors including the presence of
mental health difficulties in parents and probands with ASD may place younger
siblings at increased risk of also developing mental health problems. The results
showed that at both 2- and 3-years, younger siblings of children with ASD showed
elevated mental health problems compared to children growing up in family
environments unaffected by ASD (i.e., low-risk siblings). Although there were key
differences in temperament between high- and low-risk siblings, this was only found
to be an important predictor of concurrent and prospective internalising problems.
Lastly, parent stress and proband mental health difficulties were found to be
important predictors of toddler mental health difficulties concurrently at age 2-years,
but had less prospective impact to age 3-years. Siblings of children with ASD
therefore appear to be at increased risk for mental health problems even in
toddlerhood and it is important to consider both genetic and environmental risk
factors when developing mental health prevention and intervention strategies.
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Chapter 1

General Introduction
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Early childhood is an important time for the development of mental health.
Mental health in early childhood encompasses healthy emotional expression and
regulation and the formation of secure relationships (Zero to Three Infant Mental
Health Task Force, 2002). Very young children can show signs of mental health
difficulties, most commonly referred to in the literature and clinical practice as
emotional and behavioural difficulties, and these difficulties often show stability into
later life. For typically developing children, a substantial empirical and theoretical
basis exists around the development of mental health early in life.
Children at familial high-risk for Autism Spectrum Disorders (ASD), by
virtue of having a sibling with the diagnosis, may be at increased risk for mental
health difficulties due to both genetic and environmental risk factors. The impact of
ASD on the developing mental health of toddler-aged younger siblings of children
with ASD is the focus of this doctoral thesis.
This chapter provides a general review of the literature on early childhood
mental health and how it applies in the case of children at familial high-risk for ASD.
Autism Spectrum Disorders: Phenomenology, Aetiology, and Prevalence
Autism Spectrum Disorders are a set of neurodevelopmental disorders
characterised by social-communication impairments and restricted, repetitive
interests, activities, and behaviours, with onset during early childhood (American
Psychiatric Association [APA], 2013). The definition of ASD has evolved over time
as researchers and clinicians have learned more about this complex and
heterogeneous set of conditions. The mutually exclusive categories of Autistic
Disorder, Asperger’s Disorder, and Pervasive Developmental Disorder Not
Otherwise Specified (PDD-NOS) were collectively referred to as the “Pervasive
Developmental Disorders” in previous versions of the Diagnostic and Statistical
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Manual of Mental Disorders (DSM-IV and DSM-IV-TR; APA, 1994, 2000).
However, with the recent publication of the fifth edition of the DSM (DSM-5; APA,
2013), there has been a move away from a categorical approach towards a more
dimensional approach where ASD sits along a spectrum, or continuum, of
impairments ranging from mild to severe (APA, 2013). This dimensional approach
responds to a growing body of literature which has failed to find reliable differences
between people diagnosed with the various subtypes of ASD (e.g., Macintosh &
Dissanayake, 2004; Manjiviona & Prior, 1995).
Autism Spectrum Disorder affects more than 1% of the population. Baird et
al. (2006) found the prevalence of ASD to be 1.16%. The most recent data from the
Centers for Disease Control and Prevention (CDC) in the United States estimates the
prevalence of ASD to be 1 in 68 (2014). Autism Spectrum Disorders continue to be
four times more common in boys than girls (CDC, 2013; Fombonne, 2009). These
prevalence estimates are much higher than previously reported, which may be due to
a number of factors including more accurate diagnosis, widening of diagnostic
criteria, or a true increase in incidence (Baird et al., 2006).
Familial Recurrence of ASD and the Broader Autism Phenotype
It has long been established that ASD has a strong genetic aetiology (e.g.,
Bolton et al., 1994; Bolton & Rutter, 1990; Folstein & Rutter, 1988). Monozygotic
twin concordance rates across three epidemiological studies (N = 36 monozygotic
twin pairs across studies) have been found to range from 36 to 91% (A. Bailey et al.,
1995; Folstein & Rutter, 1977; Steffenburg et al., 1989).
Research has identified the presence of similar but milder characteristics of
ASD, of insufficient severity to meet diagnostic criteria, among family members of
individuals with an ASD diagnosis (A. Bailey, Palferman, Heavey, & Le Couteur,
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1998). Milder features are related to the core diagnostic impairments characteristic
of ASD and include social and communication difficulties and repetitive behaviours.
Such presentations have been referred to as the Broader Autism Phenotype (BAP;
Losh et al., 2009; Piven, Palmer, Jacobi, Childress, & Arndt, 1997), the prevalence
of which is estimated to be 30% in adult siblings of individuals with ASD (Folstein
& Santangelo, 2000), and 28% in toddler-aged siblings (Ozonoff et al., 2014).
Further evidence for the genetic aetiology of ASD comes from family studies.
Research on later-born siblings of children with ASD indicates that they are at
increased risk of also developing ASD themselves. The latest large prospective
longitudinal study estimated the overall risk of ASD in later born siblings to be
18.7% (Ozonoff et al., 2011). For male siblings, the risk increased to 25.9% and for
siblings with more than one older diagnosed sibling, the risk has been found to
increase to 32.2%, Demographic factors including gender, and the level of
functioning of the older diagnosed sibling/s (i.e., probands), were not found to be
predictive of ASD outcome in later born children. In contrast to previous studies, this
study accounted for possible biases such as reproductive stoppage (i.e., the tendency
for families to discontinue reproduction after having a child with ASD), which might
otherwise lead to underestimation of recurrence risk (Jones & Szatmari, 1988;
Ozonoff et al., 2011).
Diagnosis of ASD in Early Childhood
In the absence of reliable biological markers for ASD, diagnosis relies upon
direct observation of an individual’s behaviour, and a detailed developmental history
review. Hence, a reliable assessment rests upon a number of factors including the
choice of instruments used and the expertise of the personnel to form a clinical
judgment. The gold standard assessment for ASD comprises one of a
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multidisciplinary team involving both the direct observation of behaviour and
detailed developmental history-taking via parent/caregiver interview. The
recommended instruments are the Autism Diagnostic Observation Schedule (ADOS;
e.g., Lord et al., 2000) and the Autism Diagnostic Interview – Revised (ADI-R;
Rutter, Le Couteur, & Lord, 2003). Importantly, the ADOS and ADI-R require
extensive training in order to be used reliably. The information collected is then
applied to one of the accepted diagnostic classification systems, such as the DSM or
the International Classification of Diseases (ICD), to determine whether an
individual meets internationally recognised criteria for an ASD diagnosis.
The typical age of diagnosis in community samples is approximately 3- to 4years (Barbaro & Dissanayake, 2009; Mandell, Novak, & Zubritsky, 2005).
However, diagnoses can be reliably made from the second year of life (e.g.,
Chawarska, Klin, Paul, & Volkmar, 2007; A. Cox et al., 1999) for highly trained and
experienced clinical teams who are research reliable on gold standard diagnostic
instruments (i.e., ADOS and ADI-R). Hence, this may not necessarily apply in
community settings. It should also be acknowledged that symptom onset and
behavioural manifestations of the condition are highly variable between individuals
(Yirmiya & Charman, 2010).
There is some instability in ASD diagnoses, especially when the symptoms
lie at the milder end of the autism spectrum. A recent systematic review of
diagnostic stability of ASD evaluated data from 23 studies (Woolfenden, Sarkozy,
Ridley, & Williams, 2012) and found large variability in the proportion of children
retaining their original diagnosis at follow-up. Whilst there was wide variability in
follow-up duration across studies, the most commonly reported duration was 2-years
after initial diagnosis. Diagnostic stability was greatest for children meeting criteria
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for Autistic Disorder, whilst diagnostic stability for those meeting the milder criteria
for ASD was reduced (Woolfenden et al., 2012).
Other Features Associated with an ASD Diagnosis
Mental health in ASD and the BAP. There is a higher prevalence of mental
health difficulties in individuals with ASD and the BAP, compared to in people who
are not on the autism spectrum. Individuals with autism-like traits (ranging from sub
threshold BAP to those with ASD) are at higher risk for internalising difficulties,
such as anxiety and depression, and relationship and personal adjustment difficulties
(e.g., Gillott, Furniss, & Walter, 2001; Hallett, Ronald, & Happe, 2009; Hallett,
Ronald, Rijsdijk, & Happe, 2010; Kanne, Christ, & Reiersen, 2009). Further,
longitudinal research from childhood to adolescence with children with ASD has
shown substantial stability of comorbid mental health difficulties (Simonoff et al.,
2013), highlighting the importance of this issue.
A recent meta-analysis found that 39.6% of children and adolescents with
ASD also met criteria for one or more anxiety disorders (van Steensel, Bogels, &
Perrin, 2011). Furthermore, epidemiological data has shown that the prevalence of
having one comorbid psychiatric disorder in addition to ASD to be as high as 70%,
with 41% of children meeting diagnostic criteria for more than one comorbid
psychiatric disorder. This study investigated the prevalence of comorbid psychiatric
diagnoses over the past 3 months in a subsample of 112 children with ASD (10-14
years old) derived from a large population cohort study of 56,946 children. In
descending order, the most common comorbid DSM-IV diagnoses were social
anxiety disorder, Attention-Deficit/Hyperactivity Disorder (ADHD), and
oppositional defiant disorder (Simonoff et al., 2008). The strength of this study lies
in the use of standardised assessments of comorbid psychiatric diagnoses and a
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representative population sample, enhancing reliability of comorbidity estimates and
external validity. One limitation of sampling children 10-14 years old, rather than
spanning adolescence, is that the prevalence of depression may be underestimated as
onset is most commonly in the adolescent years (APA, 2013).
A more recent study with preschool and primary school aged children with
ASD estimated the rate of comorbid psychiatric conditions to be 90.5% over a 3month period, higher than the abovementioned study (Salazar et al., 2015). All
families with a child with ASD born during a specified 4-year period and living in
two London boroughs were contacted to participate. The final sample included 101
children aged 4.5-9.8 years. A standardised diagnostic interview for childhood
psychiatric disorders was used to identify DSM-IV diagnoses and found that the most
common comorbid psychiatric conditions, in descending order, were generalised
anxiety disorder, ADHD, specific phobia, oppositional defiant disorder, agoraphobia,
social anxiety disorder, and major depressive disorder. These studies indicate that
comorbid psychiatric conditions are extremely common in ASD. Whilst oppositional
defiant disorder, ADHD, and many of the anxiety disorders have onset in the
preschool and primary school ages, the onset of depression is typically in
adolescence (APA, 2013). Hence, the rate of comorbid depression would likely be
higher if adolescents were included in the sample.
Increased rates of emotional difficulties have also been observed in the
family members of people with ASD, including alexithymia (i.e., emotional
processing impairments; Bolton, Pickles, Murphy, & Rutter, 1998; Szatmari et al.,
2008), and major depressive disorder and social phobia (Piven & Palmer, 1999). In
addition, personality differences that may confer increased risk for mental health
problems have been found in individuals with the BAP, including higher rates of
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neuroticism (Losh, Childress, Lam, & Piven, 2008) which has been associated with
mental health problems such as anxiety and depression (Roelofs, Huibers, Peeters,
Arntz, & van Os, 2008; Uliaszek et al., 2010).
Higher rates of emotional problems associated with the BAP may be part of
the broader phenotypic presentation, or could be a consequence of environmental
factors related to a family context affected by ASD. That is, the patterns of
emergence of mental health problems in family members of autistic probands
suggests that neither genetic nor environmental factors completely account for this
phenomenon (Piven & Palmer, 1999).
Temperament differences. Temperament will be defined briefly here for
clarity, however the origins and definition of temperament will be considered in
more depth later in the literature review. Temperament has been defined as the
emotional character of a person encompassing the person’s mood and response to
emotions (Allport, 1961). Parents report temperament is more difficult in children
with ASD (i.e., probands) compared to in typically developing children, and in
children with Down syndrome (Kasari & Sigman, 1997). In addition, parents who
report a greater level of ASD symptoms in their child with autism also tend to report
a greater degree of difficult temperament and parenting stress associated with
characteristics of the child, including hyperactivity, mood, adaptability, and
demandingness. More difficult temperament in children with autism is theorised to
be consistent with the emotional symptoms of autism (Kasari & Sigman, 1997).
Furthermore, temperament characteristics of the child with ASD, such as persistence,
have been linked to the quality of the sibling relationship between these children and
their typically developing siblings (i.e., lower negative relationship quality was
linked to higher persistence in probands; Rivers & Stoneman, 2008).
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A prospective population cohort study tracking the emergence of ASD
symptoms by age 11-years found that differences in parent reported temperament
were evident at 24-months (Bolton, Golding, Emond, & Steer, 2012). Specifically,
characteristics of child temperament during toddlerhood, including activity,
adaptability, intensity, mood, persistence and distractibility, were found to
differentiate children who went on to be diagnosed with ASD from those who did
not, indicating that differences in temperament emerge early in ASD. Children who
had higher activity levels, were less adaptable, more intense, had more negative
mood, and were less persistent were more likely to have ASD, whilst children who
were more distractible and had a lower threshold of responsiveness were less likely
to have ASD. However, there is a possibility that some cases of ASD were missed,
given that only children who were referred for assessment in the community and
diagnosed through these channels (rather than screened through the study and
subsequently followed up) were included in the ASD group. Hence, the differences
in temperament found may be considered a conservative estimate.
D. B. Bailey, Hatton, Mesibov, Ament, and Skinner (2000) compared the
development and parent reported temperament of 31 boys with Fragile X syndrome
to 31 boys with autism matched on gender, race and chronological age (mean age =
64.1 months). Given the symptom overlap between these disorders, it is useful both
clinically and theoretically to identify early developmental and behavioural
indicators that might differentiate them. Some overlap was found in temperament
characteristics, with both groups rated as more withdrawing, less persistent, and less
adaptable than the normative sample. However, only boys with autism were more
distractible, less intense, less rhythmic, and had an increased threshold of response,
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whilst only boys with Fragile X syndrome were more active, compared to the
normative sample.
Bostrom, Broberg, and Hwang (2010) investigated the impact of
temperament upon other family members, among children with neurodevelopmental
disorders aged birth to 6-years-old. Participating children had a variety of diagnoses
including intellectual disability, developmental delay, and ASD (or a combination of
these), and were compared to a group of typically developing children. Parents of
children with intellectual disability/developmental delay reported them to be less
sociable and active, more impulsive and shy, and to have a more negative impact
upon their families than did parents of typically developing children. A comparable
temperament profile of high impulsivity, shyness, and emotionality, and low
sociability and activity presented for children with ASD and those classified as
having intellectual disability/developmental delay not otherwise specified and other
rarer diagnoses. Although the small subgroup sample sizes precludes the drawing of
firm conclusions about group differences, it is interesting to note that children in the
ASD group were rated at the extreme end of the temperament dimensions compared
to the children in other groups, consistent with the results of Kasari and Sigman
(1997) described above.
The overlap between ASD and ADHD symptomatology and temperament
and personality dimensions was explored in a large population-based twin study of
children aged 9- and 12-years (Kerekes et al., 2013). The temperament dimension of
harm avoidance was positively associated with ASD (i.e., higher worry, doubt and
pessimism), whilst reward dependence was negatively associated with ASD (i.e.,
lower sensitivity to social rewards/reinforcement of behaviour). In contrast, novelty
seeking was positively associated with ADHD. Furthermore, the character
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dimensions of cooperativeness and self-directedness (i.e., character maturity) were
negatively associated with the presence of both of these conditions. Additionally, the
higher strength of association observed for monozygotic compared to dizygotic
twins suggested a strong underlying genetic influence. Although this was a large and
rich dataset, it should be acknowledged that data was collected via telephone
interview and was restricted to parent-report. In future studies, the inclusion of direct
observational measures of ASD symptomatology, such as the ADOS, could be
employed to extend and supplement these important findings.
Konstantareas and Stewart (2006) found key differences on parent reported
temperament dimensions in children aged 3- to 10-years with ASD compared to a
gender and chronological age matched group of typically developing children.
Children with ASD were rated by their parents as lower in attentional focusing,
attentional shifting, soothability, and inhibitory control compared to the control
group, consistent with the diagnostic features of ASD. Differences in temperament
have also been reported as young as 12-months of age in retrospective parent reports
of children later diagnosed with ASD, including significant difficulties with selfregulation as reported in the large majority of these children (Gomez & Baird, 2005).
The abovementioned studies have all relied upon parent-report of
temperament. Parents who have a child with ASD may be more sensitised to notice
behaviours than parents who have a typically developing child, which may
artificially inflate the differences in temperament between groups. Although it is not
possible to collect self-report from very young children, this method can be used for
older children and adolescents. Furthermore, using multiple informants is another
way of collecting a richer picture of temperament (e.g., mothers and fathers, teachers,
see Dempsey et al., 2012). Research with community samples indicates low to
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moderate agreement between self, parent, and teacher reports, although this may
reflect differences in behaviour across different situations, rather than unreliable
reporting across different informants (Achenbach, McConaughy, & Howell, 1987).
Lastly, direct observational measures of temperament (e.g., the Laboratory
Temperament Assessment Battery [Lab-TAB]; Goldsmith, Reilly, Lemery, Longley,
& Prescott, 1999) should be used in addition to indirect measures, such as parentreport, where possible.
At the opposite end of the life-cycle, adults with ASD report lower levels of
novelty seeking and reward dependence, and higher harm avoidance than adults with
ADHD. Furthermore, very low scores for self-directedness and cooperativeness for
both individuals with ASD and ADHD were indicative of low character maturity and
an increased prevalence of personality disorders (Anckarsater et al., 2006). These
findings are consistent with those for younger children with ASD and ADHD (i.e.,
Kerekes et al., 2013), indicating stability of temperament and personality differences.
In sum, the research reviewed identifies that key differences in temperament
and related constructs exist across the lifespan for individuals with ASD compared
not only to typically developing individuals, but also individuals with other
neurodevelopmental disorders, such as intellectual disability and ADHD. The
evidence suggests that a diagnosis of ASD has implications for the development of
core emotional processing systems (e.g., emotional regulation), temperament (e.g.,
activity levels, mood), and personality and character (e.g., self-directedness).
Temperament and mental health in ASD. Research with typically
developing samples has identified the importance of temperament characteristics in
predicting mental health. A small number of studies have investigated links between
temperament and mental health in ASD. For example, in a cross-sectional study
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Schwartz et al. (2009) investigated the relationship between temperament and ASD
symptomatology, adaptive functioning, and psychopathology in children and
adolescents (8- to 16-years-old) with High Functioning Autism (HFA) compared to a
comparison group matched on verbal IQ and age. The HFA group had higher
negative affectivity (i.e., reflecting higher levels of negative affect, loss of enjoyment,
and aggression) and lower surgency (i.e., reflecting lower pleasure in response to
novelty and intense activities, higher behavioural inhibition, and higher unpleasant
affect when anticipating distress) compared to controls. Temperament was
associated with both internalising and externalising problems (i.e., aggression,
hyperactivity, and conduct problems) after accounting for diagnostic group status,
but was not associated with atypicality or withdrawal. Higher effortful control was
associated with lower internalising problems for the comparison group but not for
the HFA group, whilst higher levels of effortful control were associated with lower
externalising problems for both groups. This is consistent with the modifier model of
autism proposed by Mundy, Henderson, Inge, and Coman (2007), where modifiers
(such as temperament) are considered to effect key phenotypic variation in ASD
(such as core symptomatology and comorbidity; Schwartz et al., 2009).
A more recent cross-sectional study investigated differences and associations
between temperament, personality, and adjustment in children with ASD (6- to 14years-old) compared to a community sample without ASD diagnoses (De Pauw,
Mervielde, Van Leeuwen, & De Clercq, 2011). The comparison group comprised
children known to undergraduate psychology students assisting with data collection
(two families per student). The comparison group had a very similar gender and age
distribution to the ASD group. Higher internalising and externalising problems,
higher temperamental negative affect, and lower effortful control and surgency were
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found for the ASD group compared to comparison children. Furthermore, children
who scored high on the Social Communication Questionnaire (high scorers met or
exceeded the criterion score of 15, low scorers were below 15; Rutter, A. Bailey, &
Lord, 2003) were differentiated from low scorers by a greater level of internalising
problems, higher negative affect, and lower extraversion and surgency. There were
no interaction effects observed (Group x Temperament), suggesting that the
abovementioned pattern of results held across children regardless of their diagnostic
status. Furthermore, whilst mean level differences among variables were frequently
observed, very few differences were apparent in the psychometric properties and
covariation patterns across variables. The findings lend support to the spectrum
hypothesis of ASD and extend it to associations among temperament- and
personality-maladjustment (Shiner & Caspi, 2003). Hence, children with and without
ASD can be seen as differing quantitatively (i.e., in amount), but not qualitatively
(i.e., in type), in temperament, personality, and adjustment variables (De Pauw et al.,
2011). A limitation of this study lies in the recruitment of the comparison group,
which comprised families known to students collecting some of the study data.
Families known to psychology students may not be representative of the broader
community (e.g., they may have a higher SES on average), which may have
impacted some of the study findings (e.g., children from higher SES families may
have lower levels of behaviour problems, which would have inflated the group
differences found in this study).
Similar to the aforementioned study, Adamek et al. (2011) investigated links
between temperament and adjustment difficulties in 111 children with ASD (2- to 8years-old) compared to a published reference sample of typically developing
children, utilising a cross-sectional design. Children with ASD were reported to have
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poorer inhibitory control and attentional focusing, to express more anger and
frustration but less discomfort, and to gain more enjoyment from low- and highintensity pleasure activities compared to their typically developing counterparts.
Furthermore, children with ASD exhibited a greater degree of variation in
temperament overall, compared to children in the reference group. Key temperament
variables associated with behaviour problems were high negative affectivity, high
surgency, and low effortful control.
A large body of research underscores the importance of temperament in the
prediction of mental health for typically developing children. The few studies that
have investigated this issue in children with ASD have shown a similar pattern of
results. These studies indicate that examining temperament constellations may be
useful in identifying which children with ASD may be at high risk for experiencing
mental health difficulties.
Mental Health in Early Childhood: Definitions and Links with Emotional
Development
The early childhood years represent a crucial period for social and emotional
development, constructs which are synonymous with mental health at this
developmental stage. Highlighting this synonymy, the Zero to Three Infant Mental
Health Task Force (2002) has defined Infant Mental Health (IMH) as “…the
developing capacity of the child from birth to age three to experience, regulate and
express emotions; form close and secure interpersonal relationships; and explore the
environment and learn” (p. 1). Emotional expression and regulation are key elements
of contemporary conceptualisations of IMH, and are considered essential
developmental tasks of early childhood (National Research Council and Institute of
Medicine, 2000). Healthy emotional development is defined by the ability to
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experience the full range of positive and negative emotions, to utilise strategies to
effectively self-regulate these emotions, to develop a sense of self-awareness and
sense of self, and to understand others’ emotional states and experiences (i.e.,
empathy; Mares, Newman, & Warren, 2005).
Emotional development progresses at a rapid pace across the early childhood
years and is characterised by a shift from being highly dependent on caregivers to a
position of greater autonomy. One way of conceptualising this transition is in terms
of children’s developing capacity for self-regulation (National Research Council and
Institute of Medicine, 2000). Infants are primarily focused on their physical
experience (e.g., feeling hot, cold, sleepy or hungry), relying on caregivers for
physiological and emotional regulation. By the preschool years, however, young
children are capable of experiencing and self-regulating complex emotions such as
pride, shame, guilt and embarrassment (Rosenblum, Dayton, & Muzik, 2009).
Infants and toddlers gradually develop a repertoire of emotion regulation strategies,
from the simple looking away from emotionally arousing stimuli, to more complex
social strategies such as seeking out others for comfort (Grolnick, Bridges, &
Connell, 1996; Kopp, 1989; National Research Council and Institute of Medicine,
2000; Tronick, 1989).
Theorists have argued that infant mental health should be conceptualised
from a relational perspective (e.g., Zeanah Jnr & Zeanah, 2009) and consistent with
this viewpoint, it has been posited that the relationship between child and parent is
the medium through which the child develops their capacity to self-regulate (Schore,
2001). Moreover, difficulties within the parent-child relationship present a
significant risk factor for later mental health problems in children (Skovgaard et al.,
2007). Healthy emotional development, which is mediated through the attachment
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relationship, is a protective factor against mental health difficulties (e.g., KayLambkin, Kemp, Stafford, & Hazell, 2007).
Mental Health Difficulties in Early Childhood
Identifying mental health difficulties in children under age 3-years has
traditionally been met with wariness. Difficulties with the measurement of
psychopathology, the rapid nature of development during this period, and the
reluctance to pathologise very young children can lead clinicians and parents to form
the view that children will “grow out of” their current difficulties (for a review of
some of these issues, see Zeanah, Boris, & Scheeringa, 1997). Although the majority
of young children will indeed follow a typical early developmental trajectory, a
small but significant number begin to display mental health difficulties during this
important developmental period (e.g., Skovgaard et al., 2007). As mentioned above,
recognising that children’s social and emotional development progresses rapidly, and
that there is variation in the rate of development, is important to distinguish normal
individual variation from that which may be cause for concern. As an example,
toddlers often respond with anger and irritability before they have developed the
skills to effectively regulate their emotions and manage their behaviour. As their
social and emotional skills develop, anger and irritability usually decrease. However,
for some children, this negative emotionality may persist over time and occur across
multiple settings, causing significant impairment (Zero to Three, 2005). Research
has shown that such mental health difficulties in early childhood do exist (e.g., Egger
& Angold, 2006), and often persist (e.g., Briggs-Gowan, Carter, Bosson-Heenan,
Guyer, & Horwitz, 2006), emphasising the need to recognise signs of difficulty and
intervene early before they become entrenched.
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Mental health difficulties in children are often broadly classified into
internalising and externalising types (Prior, Sanson, Smart, & Oberklaid, 2000). The
former, also referred to as holding in problems, are internally distressing or troubling
for the child, and include anxiety and depressive type symptoms. In contrast, the
latter, often referred to as acting out problems, include oppositional behaviour,
aggression, hyperactivity and attention problems, and are typically more noticeable
than internalising problems.
Importantly, mental health difficulties occur in a significant minority of
children, and can be precursors to difficulties into adulthood. Evidence from a large
Australian population study found that approximately 14% of 4- to 17-year-olds
have mental health problems (Sawyer et al., 2001), which is consistent with data
collected for younger children (e.g., 18-month-olds; Skovgaard et al., 2007).
Moreover, signs of mental health difficulties in childhood can be a precursor to the
development of later mental disorders (Raphael, 2000; Tolan & Dodge, 2005). One
in two children who have a mental health difficulty in early childhood continue to do
so when followed up 1-4 years later (Lavigne et al., 1998). Many young children do
not seem to grow out of mental health difficulties with time.
The stability of psychiatric disorders was investigated in a large longitudinal
study of 510 pre-schoolers recruited at 2- to 5-years of age (Lavigne et al., 1998).
Three waves of data were collected; the first at study enrolment, the second 1 to 3
years later, and the third 2 to 4 years later. Approximately 50% of children identified
as having an emotional or behavioural disorder at 2- to 3-years of age continued to
show signs of disorder when followed up at subsequent waves. Importantly, for
children enrolled at 4- to 5-years of age, approximately 65% continued to show signs
of disorder when seen at the second wave, and approximately 79% continued to
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show signs of disorder when seen at the third wave. This suggests that early
childhood mental health difficulties generally do not go away on their own, and the
longer they are left untreated, the less likely they are to resolve, making a strong case
for early recognition and subsequent early intervention to help prevent problems
becoming more entrenched with time.
Risk and Protective Factors for Early Childhood Mental Health Difficulties
A wide range of risk and protective factors for mental health difficulties have
been identified during childhood, and can be considered within the context of
relevant theories. Two important theoretical models, one emphasising the role of the
family environment (i.e., family systems theory) and another emphasising the
interaction between the child’s unique genetic liability and environmental
experiences (i.e., transactional model of development), will be defined here before
returning to a discussion of relevant risk and protective factors.
Family systems theory underscores the fact that children develop within the
context of family. M. J. Cox and Paley (1997) summarise the key principles of
family systems as wholeness (i.e., the family is greater than the sum of its individual
parts); orderliness (i.e., hierarchy); adaptive self-stabilisation (i.e., the system adapts
to the changing environment to restore homeostasis), and adaptive self-organisation
(i.e., when the system changes or is challenged in some way, it adapts). This theory
is useful in explaining the development and maintenance of early childhood mental
health problems, and is useful in designing interventions.
Complementing family systems theory, the transactional model of
development (e.g., Sameroff & Fiese, 2000) emphasises both characteristics of the
child and the environment in explaining subsequent development. This model
theorises that it is the dynamic interactions between the child and his/her
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environment (i.e., family and social context) that influences development, with
neither the characteristics of the child nor those of the environment given more
weight in explaining developmental outcomes. Characteristics of the child are
viewed as important in determining what the child is able to elicit and gain from the
environment. From this point of view, the child is seen as an active participant rather
than a passive recipient of environmental influences.
Environmental or family-related risk and protective factors have been
identified for specific early childhood mental health difficulties and disorders. For
example, Bayer et al. (2006) investigated parental and other family-related predictors
(i.e., parental anxiety-depression, parenting, and family stressors) of internalising
difficulties in an Australian sample of 2-year-olds followed longitudinally until they
were 4-years of age (N = 112). The results showed that parental anxiety-depression,
and parenting rated as over-involved/protective or low warm-engaged, predicted
children’s internalising difficulties. Additionally, parenting difficulties were
themselves predicted by parental anxiety-depression and family life-stress. In a
similar study by the same research group, 733 children were followed longitudinally
from 7- to 36-months to investigate child, family, and parenting predictors of child
internalising and externalising difficulties (Bayer, Hiscock, Ukoumunne, Price, &
Wake, 2008). The key outcome measures, internalising and externalising difficulties,
were measured at 18, 24, and 36 months; socio-demographic factors (e.g., marital
status, birth order) were collected at 7 months; parental conflict was measured at 12
months; parenting style was measured at 12, 18, 24, and 36 months; and maternal
mental health was measured at 7, 18, 24 and 36 months. Change scores were entered
into the regression models for predictors measured at more than one time point.
Harsh discipline and maternal stress cumulatively predicted both internalising and
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externalising difficulties over toddlerhood, whereas maternal anxiety, parental
conflict, single parent status and the lack of any older siblings also predicted
internalising difficulties over toddlerhood.
Studies conducted abroad have identified similar risk factors for mental
health difficulties in early childhood. A Canadian longitudinal study of children’s
depressive and anxiety symptoms from 5- to 60-months found that infant difficult
temperament, low parental self-efficacy, high family dysfunction, and maternal
lifetime depression were associated with significant increases in internalising
symptoms over time (Cote et al., 2009). Furthermore, parent ratings of children’s
temperament in early childhood have been shown to predict behaviour problems
throughout early and middle childhood in Australian and international studies (e.g.,
Guerin, Gottfried, & Thomas, 1997; Prior, Sanson, et al., 2000).
Other characteristics of the child’s environment, including demographic
factors, also influence children’s mental health. For example, a large Australian
population study found that 4- to 17-year-old children scoring in the clinical range
on the Child Behavior Checklist (CBCL; Achenbach, 1991) were more likely to have
parents who were unemployed or who had left school early, and were more likely to
come from low-income families or to have single- or step-parents (Sawyer et al.,
2001). Psychosocial disadvantage has similarly been identified as a risk factor for
early childhood mental health difficulties in studies conducted abroad (e.g.,
Skovgaard et al., 2007).
Although temperament has already been discussed at length above in the
context of ASD, temperament will now be discussed more broadly, followed by a
review of studies showing links between temperament and mental health in general
population samples.
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Temperament: Definitions and Theoretical Models
Temperament is believed to emerge from genetic origins, and both influences
and is influenced by experience (Rothbart, Ahadi, & Evans, 2000). One of the first
definitions of this construct was proposed by personality theorist Allport (1961),
who defined temperament as a person’s emotional character, including the quality,
speed, and strength of the individual’s response to emotional stimulation, and the
quality of predominant mood experienced by the individual. Whilst a number of
different models of temperament exist, the most prominent being those of Thomas
and Chess, Buss and Plomin, and Rothbart (De Pauw, Mervielde, & Van Leeuwen,
2009), discussion of all of these falls beyond the scope of this review. Questionnaires
used in research with children with ASD and within high-risk sibling designs have
predominantly been based on two models: Thomas and Chess’ behavioural styles
approach, and Rothbart and colleagues’ psychobiological approach (Mervielde & De
Pauw, 2012), and these are considered in turn.
Contemporary understandings of temperament have been shaped over the
past half a century by several large-scale longitudinal temperament studies. Thomas,
Chess, and Birch (1968), in the New York Longitudinal Study (NYLS),
conceptualised temperament as the child’s style of behaving and interacting with
his/her environment; a characteristic present from infancy. They identified nine
dimensions of temperament, including activity level (i.e., level of motor activity);
rhythmicity or regularity (i.e., the regularity of bodily functions including sleeping
and feeding etc.); approach or withdrawal (i.e., responses to new experiences);
adaptability (i.e., responses to a new or changed situation or experience); threshold
of responsiveness (i.e., the level of stimulation needed to elicit a response); intensity
of reaction (i.e., the level or degree of response elicited); quality of mood (i.e., the
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amount of happiness and friendliness, versus unhappiness and unfriendliness);
distractibility (i.e., how easily outside stimuli or events alter the child’s behaviour);
and attention span and persistence (i.e., attention span being the duration of time a
child engages with a particular activity whereas persistence is the child’s ability to
maintain engagement with an activity despite obstacles; Thomas & Chess, 1977).
The NYLS found that most children could be categorised into one of three
different temperament patterns based on variations in the abovementioned nine
temperament dimensions; easy, difficult, and slow-to-warm-up (Thomas & Chess,
1977). The easy child is generally adaptable to change, is primarily positive in mood,
has regular bodily functions such as sleeping and toileting, and is generally positive
and approaching of new situations, events and people. By contrast, the difficult child
struggles with change, tends to withdraw from new situations and people, has
frequent and intense displays of negative mood, irregular bodily functions, and has
tantrums. Lastly, the slow-to-warm-up child tends to show somewhat negative
reactions to new situations, events, and people, but will warm up on subsequent
exposures. These children do not tend to have irregular bodily functions, and their
emotional expression is less pronounced than that of difficult children (Thomas &
Chess, 1977). These conceptualisations of temperament have been the subject of a
large body of research, particularly around child development, personality, and
psychopathology, and continue to be influential today.
Following the pioneering work of Thomas and Chess, further work on the
structure of temperament has narrowed the original nine temperament dimensions
into a smaller number of broader dimensions. Rothbart and colleagues (Rothbart &
Bates, 1998, 2006; Rothbart & Derryberry, 1981) define temperament as
fundamentally comprising individual differences in two broad areas: self-regulation
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and reactivity. Reactivity refers to how a person responds to changes in their
environment (comprising internal or external events), and includes emotional and
physical responses (e.g., changes in heart-rate and emotional experience). Selfregulation, by contrast, regulates our responses/reactivity through the processes of
orienting and effortful control.
Models of temperament proposed by different theorists partially overlap with
one another. Table 1 provides a summary of the overlap in temperament dimensions
across Thomas and Chess’, and Rothbart and colleagues’ models. Core dimensions
of emotionality, extraversion (sociability vs. shyness), activity, and persistence are
represented across the two models (Mervielde & Asendorph, 2000).
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Table 1
Overlap in Temperament Dimensions across Models
Model

Emotionality

Extraversion

Activity

Persistence

Thomas and

Negative

Inhibition

Activity level

Task

Chess

emotionality

Rothbart et al.

Negative

persistence
Surgency

Surgency

affectivity
Note. Table adapted from Mervielde and Asendorph (2000).

Effortful
control
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Links between Temperament and Mental Health
Characteristics of the child that are a product of biological and environmental
determinants, such as temperament, are important for children’s mental health (Prior,
Sanson, et al., 2000). As already noted, temperament has been linked to a number of
internalising and externalising mental health difficulties in children, including
depression and anxiety symptoms (e.g., Cote et al., 2009) and aggressive behaviour
(e.g., Guerin et al., 1997). These links have been shown both in both cross-sectional
(Biederman et al., 2001; De Pauw et al., 2009; Marakovitz, Wagmiller, Mian,
Briggs-Gowan, & Carter, 2011) and longitudinal studies (Prior, Smart, Sanson, &
Oberklaid, 2000; Sanson et al., 2009). For instance, parent ratings of children’s
temperament in early childhood have been shown to predict behaviour problems
throughout early and middle childhood (e.g., Guerin et al., 1997; Prior, Sanson, et al.,
2000).
Particular patterns of temperamental emotionality have been associated with
internalising and externalising difficulties in childhood. In a study of 4- to 8-year-old
children (Eisenberg et al., 2001), differences in emotional expression and regulation
ability were observed in children classified in the “at risk” range on the CBCL
(Achenbach, 1991) for externalising and/or internalising difficulties when compared
to a control group who scored in the normal range on these domains. Children
presenting with substantive externalising difficulties tended to score higher on
emotionality (i.e., anger and sadness), and were more under-controlled, whereas
children with substantive internalising difficulties tended to score lower on effortful
regulation/control and impulsivity, and higher on emotionality (i.e., sadness),
compared to well-adjusted children (Eisenberg et al., 2001).
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Links between temperament and child mental health have also been shown
for preschoolers. In a longitudinal study, Kyrios and Prior (1990) assessed predictors
of child behaviour problems, including temperament, at 3- to 4-years of age, and
again 12-months later. Low self-regulation predicted concurrent child behavioural
adjustment at 3- to 4-years, whilst high reactivity-low manageability predicted both
concurrent and longitudinal adjustment to ages 4- to 5-years. In a more recent study,
longitudinal risk factors for higher internalising problems (i.e., depression and
anxiety symptoms) were assessed in a large population sample of 1,759 children
from 18-months to 5-years of age (Cote et al., 2009). A general increase in
internalising symptoms was seen over the toddler and preschool period for most
children. Risk factors were compared for children classified as high-, moderate-, and
low-rising in internalising symptoms over time (i.e., displaying a high, moderate,
and low increase in symptom levels over time respectively). Difficult temperament
at age 5-months and maternal lifetime depression differentiated the high-rising group
from the other two groups, whilst high family dysfunction and low parental selfefficacy differentiated the high-rising group from the low-rising group. Moreover,
difficult temperament at 5-months was identified as the most important predictor of a
high-rising internalising symptom trajectory (Cote et al., 2009).
Extending the results of Cote et al. (2009), Guerin et al. (1997) showed that
maternal report of child temperament at 18-months of age was significantly and
moderately associated with child behaviour problems assessed annually from 3- to
12-years of age. Furthermore, difficult temperament was associated with a greater
frequency of scores above the clinical threshold for parent reported attention
problems, aggression, and thought problems, and for teacher rated attention and
thought problems. The issue of shared method variance has been raised in the
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literature exploring links between temperament and mental health. Whilst this
concern cannot be completely discounted, correlations between parent ratings of
child temperament and teacher ratings of child behaviour problems over time
indicate that a true link likely exists between temperament and behaviour problems.
Focusing on externalising problem trajectories, Miner and Clarke-Stewart
(2008) investigated child and family predictors of child mental health longitudinally
across the toddler and middle childhood years, in a large normative sample. Mother
and teacher reports were sought across five time points from ages 2- to 9-years and
indicated a general reduction in externalising problems over time. Higher
externalising problems at age 9-years were predicted by infant difficult temperament
(for children with mothers using harsh discipline), lower maternal sensitivity,
harsher maternal attitude regarding discipline, higher maternal depression, and male
gender (for teacher reports only). Further, lower maternal education was related to
higher child externalising problems.
Investigating both internalising and externalising problem trajectories, Leve,
Kim, and Pears (2005) explored temperament and family environment predictors of
child mental health. Children were assessed longitudinally at five time points from
ages 5- to 17-years. Temperamental fear/shyness was found to predict internalising
problems at age 17-years. Further analyses suggested that girls might be more
vulnerable to exhibiting externalising problems in environments characterised by a
number of reactive features (e.g., harsh discipline, impulsivity), whilst for boys,
emotional features may be more important (e.g., maternal depression and lack of
impulsivity; Leve et al., 2005).
An important issue that has been raised in the literature is the issue of
measurement confounding between measures of temperament and emotional and
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behavioural problems due to conceptual overlap. The simplest way to investigate the
potential overlap is to inspect correlations between measures. Very highly correlated
scales would suggest a large degree of overlap and that measures are not independent.
Leve et al. (2005) inspected correlations between a measure of temperament, the
Children’s Behavior Questionnaire (CBQ; Rothbart, Ahadi, Hershey, & Fisher,
2001), and a measure of child mental health, the CBCL, and found that correlations
ranged from -.14 to .38 between the temperament scales and the internalising scale
and from -.07 to .49 between the temperament scales and the externalising scale.
This indicated that the measures are largely independent. This potential confound
has also been investigated by Lemery, Essex, and Smider (2002). They identified
confounded items on the Preschool Behavior Questionnaire (PBQ; Behar &
Stringfield, 1974), a measure of child mental health, and CBQ through expert
opinion (38% and 10% items confounded per scale, respectively) and factor analysis
(23% and 9% items confounded per scale, respectively). They found that when they
removed the confounded items there was no impact on the relationship between
temperament and emotional and behavioural difficulties. This finding indicates that
the relationship between temperament and emotional and behavioural difficulties
was not caused by measurement confounding.
Temperament is an important predictor/risk factor for early childhood mental
health problems, and may be more influential than other risk factors, such as parental
mental health difficulties. Temperament has also been shown to interact with family
risk factors to influence the expression of, and increases over time in, externalising
and internalising problems. An important question thus lies in the degree to which
temperament and mental health may lie on the same spectrum. Arguably,
manifestations of temperament at the extreme end of the spectrum can be seen in
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some mental disorders (e.g., irritability and withdrawal in depression). Furthermore,
it has been reasoned that affective temperaments characterise the behavioural
endophenotypes of mood disorders such as cyclothymia and bipolar disorder
(Akiskal et al., 2006). Supporting this premise, research has found characteristic
temperament subtypes in bipolar-I disorder; namely one characterised by emotional
instability and rapid mood fluctuations, and another by emotional intensity, high
energy levels, and hyperactivity (Perugi et al., 2012).
Mental Health Difficulties in Siblings of Children with ASD
As already noted, alongside the heightened genetic risk for ASD itself,
siblings of children with ASD diagnoses may also be at increased risk for mental
health difficulties due to increased genetic and environmental risk factors. To date,
research into this area has been limited in scope, and results have been mixed.
There is some evidence to suggest that siblings of children with ASD are at
no greater risk for mental health problems than siblings of children with other
disabilities and disorders. Pilowsky et al. (2004) investigated social and behavioural
adjustment in three groups of children aged 6- to 15-years: siblings of children with
autism, children with mental retardation, or children with developmental language
disorders. Social and emotional adjustment did not differ between the sibling groups.
For siblings of children with autism, social skill delays were associated with higher
parental stress levels and having a proband who was nonverbal. Increased rates of
behaviour problems in siblings were also associated with having a proband who was
nonverbal. Importantly, the majority (86.7%) of siblings of children with autism did
not show social or emotional adjustment difficulties. This finding is comparable to
general population based estimates of childhood mental health difficulties (Sawyer et
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al., 2001), indicating that this group did not show globally elevated levels of mental
health problems.
Dempsey, Llorens, Brewton, Mulchandani, and Goin-Kochel (2012)
investigated parent- and teacher-reported mental health difficulties in a large sample
of 486 typically developing siblings of children with ASD. The siblings were aged 6to 18-years and were screened for ASD and other developmental problems (e.g.,
language delay, intellectual disability) and severe psychiatric diagnoses (e.g.,
schizophrenia), and excluded from the study if such concerns were present. There
was low agreement between parent and teacher ratings of sibling adjustment.
However, both types of rater indicated that siblings were at no increased risk for
emotional and behavioural difficulties compared to a normative sample. It should be
noted that participating families were part of a larger longitudinal study that involved
a large time commitment, and other procedures such as blood tests were undertaken,
which may limit the representativeness of the sample. Perhaps families who tended
to have more resources and supports were more inclined to participate, possibly
reducing the risk of emotional and behavioural difficulties in siblings. Further, there
was no control group hence data was compared to available norms. Differences in
sampling between the present sample and the standardisation sample could limit the
comparability of the two samples and introduce confounds.
Kaminsky and Dewey (2002) investigated psychosocial adjustment in 90
siblings of children with Autistic Disorder (children with Asperger’s Disorder and
PDD-NOS diagnoses were excluded), Down syndrome, and typical development,
aged 8- to 18-years (30 per group). Siblings of children with Autistic Disorder were
not at increased risk for internalising or externalising mental health problems. A
possible explanation for this was that the majority of families affected by ASD were
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involved in support groups (77%), which was hypothesised to have a protective
impact on siblings’ mental health. In this study, siblings were reported to be typically
developing. However no screening was undertaken to confirm these children were
indeed free of clinical diagnoses, such as ASD.
By contrast, a number of studies have found that siblings of children with
ASD are at increased risk for adjustment difficulties. Verte, Roeyers and Buysse
(2003), for example, found elevated scores on the CBCL (Achenbach, 1991),
completed by parents, for each of the total problems, externalising, and internalising
scales, compared to siblings of typically developing children aged 6- to 16-years.
Also utilising the CBCL completed by mothers, Ross and Cuskelly (2006) found that
40% of 8- to 15-year-old siblings of children with ASD scored in the at-risk or
clinical range. Additionally, Benson and Karlof (2008) found that parents (91.7% of
whom were mothers) reported high levels of psychosocial difficulties on the
Strengths and Difficulties Questionnaire (SDQ; Goodman, 1997) in 3- to 11-year-old
siblings of children with autism. However, when scores for those siblings in whom a
developmental condition had also been identified (in most cases ADHD or ASD)
were compared to scores of those siblings without any such diagnoses, only the
former subgroup was found to present elevated scores in terms of total difficulties,
conduct problems, hyperactivity, peer problems, and prosocial behaviour, compared
with normative data. The only exception was for the emotional symptoms subscale,
with both groups of siblings’ scores elevated compared with normative data. Benson
and Karlof argued that previous research had failed to account for the fact that a
significant proportion of siblings of children with ASD may also have a pre-existing
disability or disorder, potentially leading to an overestimation of adjustment
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difficulties in siblings as a group, given that children with disabilities are at
additional risk for adjustment difficulties.
Petalas, Hastings, Nash, Lloyd, and Dowey (2009) compared parent-rated
emotional and behavioural adjustment longitudinally in 24 siblings of children with
intellectual disability, and 25 siblings of children with autism and intellectual
disability, ranging in age from 5- to 17-years. Follow up data collected 18-months
later was available for 15 siblings of children with autism and intellectual disability.
Siblings were reported by their mothers to have no existing psychiatric diagnoses or
disabilities, although this was not directly confirmed via study procedures. Results
showed that the siblings of children with autism and intellectual disability had
greater levels of emotional problems compared to the siblings of children with
intellectual disability alone and compared to a normative sample. Increased mental
health problems were associated with lower SES, older age of the proband with ASD,
male gender of the proband, and younger chronological age of the sibling compared
to the proband. Although this study presented high attrition at 69%, among the 15
siblings of children with autism and intellectual disability followed up 18-months
later, there were strong correlations between baseline and follow-up mental health
scores, indicating stability of mental health problems (with the exception of
hyperactivity, with baseline scores for this scale only moderately correlated with
follow-up scores).
In a more recent cross-sectional study, Petalas et al. (2012) investigated the
impact of BAP traits and environmental stressors on the mental health of 166
typically developing siblings of children with ASD. Siblings were reported to have
no known disabilities or psychiatric diagnoses and were aged 5- to 17-years-old.
Proband total difficulties score and sibling BAP score independently predicted
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sibling total difficulties scores on the SDQ (Goodman, 1997). Furthermore, the
siblings most at risk for adjustment problems were those with both higher BAP traits
and a proband with higher adjustment problems. Hence, both environmental and
genetic risk factors appear to influence the mental health of siblings of children with
ASD (Petalas et al., 2012).
Focusing on the adolescent siblings of children with ASD (N = 57, 12- to 18years of age), Orsmond and Seltzer (2009) tested a diathesis-stress model of sibling
mental health. The diathesis-stress model of psychopathology proposes that genetic
vulnerability (i.e., the diathesis) interacts with environmental stressors to elicit the
phenotypic expression of mental illness (e.g., Rende & Plomin, 1992). This study
found that only sisters were at increased risk of anxiety and depression symptoms.
Further, siblings with higher BAP traits had higher anxiety and depression symptoms,
but only when there was also a high number of stressful life events present. These
findings provide some support for a diathesis-stress model of mental health in
siblings of children with ASD.
Macks and Reeve (2007) investigated adjustment in 51 siblings of children
with Autistic Disorder compared to 35 siblings of children without developmental
disabilities (7- to 17-years-old), and their findings also lend support to a diathesisstress model of sibling mental health. Having a sibling with autism was found to
negatively impact upon child adjustment only when additional demographic risk
factors (e.g., low SES, male gender) were also present. In the absence of a high
number of demographic risk factors, having a sibling with autism was, by contrast,
found to have a positive effect on sibling adjustment.
Some research suggests that siblings of children with ASD may be at
increased risk of depression. A study of 7- to 17-year-old siblings of males with
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autism found 50% to score in the depressed range on the Children’s Depression
Inventory (Kovacs, 1981) compared to only 26% of controls (Gold, 1993). One
limitation of this study, however, lay in its failure to include siblings with female
probands. If, for example, there are gender differences in proband mental health
problems, and proband mental health problems are predictive of sibling mental
health problems, the exclusion of female probands could lead to an inaccurate
estimation of the rate of sibling depression.
As already noted, research into mental health difficulties in high-risk siblings
has to date produced mixed results. The varied comparison groups employed (e.g.,
siblings of children with intellectual disability, with developmental language delay,
or with typical development), age ranges studied, and measures employed make it
difficult to compare findings across studies and generalise results, and may account
for some of the mixed findings (Benson & Karlof, 2008; Meadan, Stoner, & Angell,
2010; Stoneman, 2005). Benson and Karlof (2008) argue that previous research has
failed to account for the fact that a significant proportion of siblings of children with
ASD may also themselves have a disability/disorder which may lead to an
overestimation of adjustment difficulties in siblings as a group, given that children
with disabilities/disorders are at additional heightened risk for adjustment difficulties.
The few studies that have been conducted to date have mostly adopted crosssectional designs, limiting conclusions drawn to associations between variables. In
addition, the wide age range of participants included in most studies ignores the fact
that mental health and emotional development are progressing at a rapid pace across
childhood and adolescence, and limits the ability to identify developmental stages of
particular high risk. For instance, the prevalence of childhood mental health
problems has been found to increase with age (CDC, 2013), such that the inclusion
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of both younger children and adolescents within the same sample may bias results.
The abovementioned methodological issues may explain why some studies of highrisk siblings report an increased incidence of mental health or adjustment difficulties,
while others find no such difference (Meadan et al., 2010).
Temperament in the Infant Siblings of Children with ASD
The temperament profiles of high-risk infant siblings has been the focus of
only a small number of studies to date, most of which have had the principal aim of
identifying possible early markers of ASD in infancy. These studies indicate that
temperament characteristics differentiate children who do and do not go on to
develop ASD. However, no study has yet investigated the link between temperament
and mental health differences in high-risk siblings.
In a large prospective study, Garon et al. (2009) investigated the relationship
between temperament at 24-months of age and ASD symptoms at 36-months in 138
high-risk infants and 73 low-risk controls. High-risk toddlers as a group, regardless
of diagnostic status, were differentiated from low-risk toddlers by self-regulation
difficulties (i.e., negative emotion and attentional control), and lower positive affect;
a profile labelled “Effortful emotion regulation”. Furthermore, a temperament profile
characterised by increased activity levels, lower attention shifting ability, and lower
positive anticipation differentiated high-risk toddlers later diagnosed with ASD from
those without such a diagnosis, and from low-risk controls (i.e., a profile labelled
“Behavioural approach”). Additionally, lower levels of behavioural approach were
related to higher levels of ASD symptoms, even after IQ, gender, and group
membership were accounted for. This study indicates that temperament differences
may assist in understanding the early manifestations of ASD.
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Also utilising a prospective design, Zwaigenbaum et al. (2005) investigated
temperament and other early behavioural markers of ASD in 65 high-risk infants and
23 low-risk controls recruited around age 6-months and followed until age 24months at which point ASD diagnostic assessments were completed. High-risk
infants later diagnosed with ASD were differentiated from high-risk infants without
ASD diagnoses and from low-risk controls by prominent passivity and decreased
activity levels at 6-months of age, and by visual fixation on objects, intense distress
reactions and irritability, and reduced positive affect at 12-months of age. However,
a limitation of this study lay in the fact that only 65 high-risk siblings, out of a total
of 150 in the sample, had completed the 24-month diagnostic assessments at the time
of publication. It is possible that the children who had completed their diagnostic
assessments may have systematically differed from those yet to be diagnosed.
Furthermore, diagnostic group assignments were preliminary at 24-months, and
hence the overall results were also deemed to be preliminary, until children are
subsequently followed up at 36-months at which time independent diagnostic
assessments are conducted.
Clifford et al. (2013) recently investigated temperament longitudinally in 54
high-risk infants and 50 low-risk controls. Temperament was assessed at age 7-, 14and 24-months, and ASD diagnostic assessments were conducted around 36-months
of age. High-risk toddlers, regardless of diagnostic status, displayed reduced
approach behaviours (i.e., surgency) at 7- and 14-months, and reduced selfregulation capacity (i.e., effortful control) at 14- and 24-months compared to lowrisk controls. Those high-risk toddlers later diagnosed with ASD were differentiated
from high-risk toddlers without ASD by increased perceptual sensitivity in their first
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two years, and more frequent negative affect and reduced cuddliness in their second
year.
Also utilising a prospective design, Bryson et al. (2007) investigated the
emergence of autism symptoms alongside other aspects of development, including
temperament, in a case series of nine high-risk infants (including four girls) later
diagnosed with ASD. Children were enrolled in the study at age 6-months and seen
at 6-monthly intervals until 24-months of age, with blinded ASD diagnostic
assessments completed at 36-months. Between 6- and 12-months of age, the children
generally became more irritable and intolerant of intrusions, had increased negative
affect, reduced ability to be soothed by others, and striking self-regulation
difficulties. It should be noted that some children were more difficult
temperamentally from 6-months, whereas others were initially easier and then
changed to present a more difficult temperament, and there was some evidence
suggestive of a consolidation of temperament difficulties with the emergence of
autism symptoms. Bryson et al. proposed that increased distress proneness and
irritability may form part of the very early behavioural manifestations of ASD.
Although limited by the small sample size and over-representation of females, this
study provides valuable contemporaneous temperament data for high-risk infants
later diagnosed with ASD to be validated in larger samples.
A recent prospective study (del Rosario, Gillespie-Lynch, Johnson, Sigman,
& Hutman, 2014) investigated temperament trajectories in a cohort of high-risk
infant siblings in 6-monthly intervals from 6- to 24-months of age, and also at 36months. High-risk siblings who developed ASD showed a different temperament
trajectory to those who did not. Over the first year, children later diagnosed with
ASD were rated as having a lower activity level and higher adaptability and
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approach compared to high-risk infants who did not develop ASD. This pattern of
results changed by toddlerhood, however, such that parents rated their high-risk
toddlers with ASD as less approaching and adaptable than those without ASD
outcome, at 2- and 3-years of age. Hence, there was a temperamental trajectory of
increasing activity levels, and decreasing adaptability and approach behaviours over
time in the children later diagnosed with ASD. However, this study did not use a
control group, restricting the comparisons to children with an older sibling with ASD,
but not to families unaffected by ASD. Furthermore, only probands with a diagnosis
of Autistic Disorder were included in the study, possibly reducing the heterogeneity
of the high-risk sample and consequently the generalisability of the results.
Nevertheless, the results of this study are informative as they highlight that changes
in temperament occur in high-risk siblings later diagnosed with ASD.
In contrast to the above methodological approaches, Bolton, Golding, Emond,
and Steer (2012) investigated precursors and early signs of ASD, including
temperament, in a longitudinal population cohort study of 14,541 children, among
whom 86 had received a community-based clinical diagnosis of ASD by 11-years of
age. Diagnoses were directly confirmed for the study by a consultant paediatrician.
Parents reported on aspects of their child’s development, including temperament,
contemporaneously until children were 30-months old. By 24-months, temperament
traits were found to predict which children went on to be diagnosed with ASD.
Specifically, there was an increased risk of a later ASD diagnosis with increased
scores on activity, adaptability, intensity, mood and persistence at 24-months of age.
Furthermore, children were less likely to be diagnosed with ASD with increased
scores for distractibility and threshold of responsiveness at 24-months. Interestingly,
between 6- and 24-months there was a change in the direction of the association for
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the temperament dimensions of intensity and activity, indicating that there is some
instability in temperament over infancy for children later diagnosed with ASD. This
study was unique in that it followed a large cohort of children and families from a
specified geographical area, rather than recruiting a volunteer sample that may
systematically differ in some way (e.g., through recruitment biases) from the general
population, thereby increasing the external validity of the findings. Further, due to
the large sample size, this study had good power to detect even small effects. One
important limitation, however, is the possibility that some children with ASD
diagnoses were missed, given that only children referred to and diagnosed by
community professionals were included in the ASD group (i.e., children were not
screened for ASD across the sample).
The studies reviewed above show that temperament differences occur in
high-risk cohorts regardless of eventual ASD diagnostic outcome. Whilst some
temperament factors are known risk factors for mental health problems in typically
developing cohorts, whether this generalises to high-risk cohorts has yet to be
explored.
Family Environment Risk Factors for Sibling Mental Health Difficulties
There have been a number of robust family environment risk factors
identified for typically developing children’s mental health, including parental
mental health problems, harsh discipline, and low socioeconomic status. Whether
these risk factors generalise to families affected by ASD has been the focus of only a
small number of studies. Families affected by ASD arguably face more demands
than families which include only typically developing children. Hence, families who
have a child with ASD may present an increased level of family environment risk
factors for mental health problems in younger siblings.
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Low SES has consistently been identified as a risk factor for mental health
difficulties in community samples of children (e.g., Kay-Lambkin, Kemp, Stafford,
& Hazell, 2007). Sibling research has also identified socioeconomic status as a risk
factor for adjustment in siblings of children with developmental disabilities,
intellectual, physical, and sensory disabilities (Giallo & Gavidia-Payne, 2006), and
ASD (Macks & Reeve, 2007).
Research findings have indicated that families where a child has an ASD are
under more stress, and report more mental health difficulties than do families where
all children are developing typically (e.g., Hastings et al., 2005; Rao & Beidel, 2009).
For instance, both mothers and fathers of toddlers with recently diagnosed ASD
report increased levels of parenting stress and depressed mood (Davis & Carter,
2008), with mothers’ reports of these factors elevated compared with those of
mothers of typically developing children (Ingersoll, Meyer, & Becker, 2011). A
recent study has shown proband ASD symptom severity to directly influence
parental depression, with parental depression impacting upon siblings’ adjustment
(Meyer, Ingersoll, & Hambrick, 2011). In addition, a longitudinal study has
identified a link between proband behaviour difficulties and sibling adjustment
(Hastings, 2007), which indicates both direct influences of proband difficulties on
sibling adjustment, and indirect effects through negative impact on parental mental
health.
Behaviour problems have a large impact on parent stress. A large body of
literature has shown that it is the behaviour problems of children with ASD, rather
than the severity of their core ASD symptoms, that is more robustly predictive of
parent stress (e.g., Lecavalier, Leone, & Wiltz, 2006; McStay, Dissanayake,
Scheeren, Koot, & Begeer, 2014). Similarly, siblings in middle childhood have
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reported that the behaviour problems of their brother/sister with ASD presents the
most common difficulty to the sibling relationship (Ross & Cuskelly, 2006). As such,
proband behaviour problems may also play a significant role in the wellbeing of
toddler-aged younger siblings, more so than the severity of core ASD symptoms per
se.
With a somewhat different focus than those of the abovementioned studies,
Benson and Karlof (2008) investigated family environment predictors of both sibling
mental health difficulties and prosocial behaviour longitudinally over a 2-year period
(sibling mean age = 7-years; N = 72). Only siblings without a known diagnosis of
ASD or other developmental disability (based on parent-report and medical records)
were included in the analyses, to account for the increased genetic liability to mental
health and social difficulties faced by siblings with preexisting diagnoses themselves,
reducing the sample size to 53. Increased proband ASD symptom severity predicted
lower sibling prosocial behaviour and higher total adjustment problems. Parent
therapeutic/educational involvement with the proband predicted higher sibling
prosocial behaviour and lower adjustment problems. In addition, a more negative
family climate and increased stressful life events predicted lower sibling prosocial
behaviour, but did not affect adjustment problems. Two limitations of this study are
noteworthy. Firstly, there may have been an underestimation in the number of
siblings with a diagnosis due to reliance on medical records and parent-report for this
information. Further, although data were collected over two years, baseline sibling
prosocial and adjustment problems were not collected and thus could not be
controlled for in the analyses.
Some studies have found that proband adjustment is not predictive of sibling
adjustment. Hastings (2003) investigated proband and family environment predictors
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of adjustment and prosocial behaviour in 22 siblings (mean age = 12 years) using a
cross-sectional design. The probands had autism and intellectual disability. Siblings
were found to have increased rates of parent reported total adjustment problems, peer
problems, and lower rates of prosocial behaviour compared to a normative sample.
Proband adjustment problems and maternal stress did not uniquely predict sibling
adjustment problems or prosocial behaviour after controlling for sibling age and
gender, birth order, gender match between siblings, and proband out-of-home
placement status. It is possible that this study failed to find significant effects due to
the fact that approximately half of probands resided outside of the family home,
potentially attenuating any effect of proband behaviour problems on the sibling.
Further, the sample size was small which may have reduced power to detect true but
small effects.
The Present Research
Rationale
The mental health of young children is an important area of inquiry due to
the stability of mental health problems over development and the known impact of
these on children’s life outcomes. By identifying possible high-risk groups for
mental health difficulties and having a good understanding of the key risk and
protective factors at play, prevention and early intervention efforts can be developed
and targeted appropriately. Focusing these efforts early in development is crucial to
prevent difficulties becoming entrenched and consequently more difficult to change.
To date there has been limited research on the mental health of children at
high-risk for ASD. The majority of studies conducted have been cross sectional and
have focused on older children (Orsmond & Seltzer, 2007), with no studies
conducted to date on children under 3-years of age. Hence, the present study aimed
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to address this gap in the literature by exploring the mental health of toddlers at highrisk for ASD, longitudinally, from 2- to 3-years of age, a period during which
development is progressing rapidly across many domains, including social and
emotional skills.
Drawing on a transactional theoretical model of sibling mental health, as
recommended by Bauminger and Yirmiya (2001), and family systems theory, this
program of research specifically aimed to investigate child and family environment
risk factors for mental health difficulties among toddler-aged younger siblings of
children with ASD. Temperament was investigated as a child-related risk factor for
mental health difficulties. Family systems theory and the transactional model were
most relevant to the investigation of the impact of family environment, or familial,
risk factors (i.e., parental and proband mental health and wellbeing) on toddler
mental health. If it holds that family members are interrelated, parent mental health,
for example, would be expected to have some impact on the toddler.
By focusing on 2-year-old siblings, this study provided a downward
extension of previous studies of mental health in high-risk siblings. Furthermore,
previous research has relied upon high-risk samples of widely varying age ranges,
spanning different developmental stages across childhood and adolescence. This
study focused on one specific developmental stage – toddlerhood – in an attempt to
determine whether the mental health difficulties found in older samples of high-risk
siblings could already be detected at this early developmental stage and, further, to
elucidate some of the contributing factors.
Furthermore, this study aimed to partly account for some of the increased
genetic risk for mental health difficulties in the younger siblings of children with
ASD by directly assessing the presence of ASD within these individuals, given that
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this has been associated with an increased risk of psychopathology (e.g., Simonoff et
al., 2008). Many high-risk sibling studies fail to account for this increased risk, and it
has been argued that some of the discrepant findings across studies may be partly
explained by this methodological issue (Benson & Karlof, 2008). Furthermore, by
testing whether there are differences in mental health across high-risk toddlers with
and without ASD, and low-risk toddlers, this provides a test of the transactional
model.
Study Aims
The present program of research aimed to identify whether the 2-year-old
younger siblings of children with ASD were at increased risk for mental health
difficulties, and whether these difficulties persisted when children were followed up
12-months later. Secondly, it aimed to assess whether a key risk factor for mental
health – that is, child temperament – differed between children at low- and high-risk
for ASD. Thirdly, it aimed to determine whether any key differences in temperament
and mental health presenting between toddlers at low- and high-risk for ASD were
accounted for by those high-risk toddlers found to meet diagnostic criteria for ASD
themselves, at 3-years of age. Fourthly, it aimed to determine whether temperament
was predictive of concurrent and longitudinal mental health difficulties in high-risk
siblings, as is known to be the case for typically developing children. A final aim
was to investigate whether family environment risk factors, namely mental health
difficulties in parents and older siblings, were predictive of toddler mental health,
both concurrently at 2-years and longitudinally to age 3-years.
Studies Conducted
Three longitudinal studies were conducted to address the abovementioned
five aims. Study 1 addressed the first three of these, by investigating differences in
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mental health and temperament across three groups of toddlers; those at high-risk for
ASD with and without ASD diagnoses themselves, and those comprising a low-risk
comparison group. Study 2 addressed the fourth aim by investigating individual
differences in temperament and mental health in high-risk toddlers with and without
ASD and in low-risk toddlers, and by examining the predictive value of early
temperament for concurrent mental health at age 2-years and for later mental health
at age 3-years. Lastly, Study 3 addressed the fifth aim by investigating the
contribution of early family environment risk factors – namely parental and older
sibling mental health – in the prediction of toddler mental health, both concurrently
at age 2-years and longitudinally at age 3-years.
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Data from this program of research are presented in three empirical chapters,
which take the form of individual manuscripts submitted to scientific journals. Study
1 was submitted to the journal Developmental Psychology, whilst Studies 2 and 3
were submitted to the Journal of Autism and Developmental Disorders. Each of
these chapters/manuscripts provides brief details of participants recruited, the
measures employed, and procedures undertaken (see Appendices B, C and D for a
copy of the recruitment flyer, participant information statement, and consent form).
However, as empirical papers omit much of the methodological detail normally
presented in a research thesis, this chapter will outline further detail of the research
design, the measures employed, and the analytical approach used for this research.
Methodology of High-risk Research Designs
The first studies of infant siblings of children with ASD were conducted in
the 1990s with the aim of identifying early markers of ASD (Yirmiya & Ozonoff,
2007). High-risk research designs focus on children who have an older sibling with
ASD, and are consequently at increased risk for developing ASD themselves (highrisk siblings). A low-risk comparison group is usually included in the design,
typically comprising children who have an older sibling/s without ASD, and where
there is no history of ASD among other family members. Studies are usually
longitudinal, measuring the developmental trajectory of high-risk siblings and
determining their eventual diagnostic outcomes. This research design capitalises on
the fact that there will be a relatively large number of ascertained cases of ASD in
this group (i.e., around 20%; Ozonoff et al., 2011) compared to that seen in general
population samples.
To date, research with this special group of children has focused primarily on
identifying early markers of ASD (e.g., Brian et al., 2008; Bryson et al., 2007; Landa
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& Garrett-Mayer, 2006; Rogers, 2009; Zwaigenbaum et al., 2005). There has also
been growing interest, however, in the development of high-risk siblings as a group
(irrespective of eventual diagnostic outcome), with research mostly centered on
social and communication development (e.g., Gamliel, Yirmiya, Jaffe, Manor, &
Sigman, 2009; Presmanes, Walden, Stone, & Yoder, 2007; Toth, Dawson, Meltzoff,
Greenson, & Fein, 2007; Yirmiya et al., 2006; Yoder, Stone, Walden, & Malesa,
2009) and with some studies also investigating emotional development (e.g., Cassel
et al., 2007). The question of whether high-risk siblings are also at risk for mental
health or adjustment difficulties, however, has been the subject of only a small
number of studies to date.
An important limitation of high-risk mental health research conducted to date
is that the majority of studies fail to rigorously and independently confirm ASD
diagnoses in the probands. Rather, researchers rely on parent-report of diagnosis
which may be unreliable, or seek ASD diagnostic confirmation using screening tools
which have notoriously poor sensitivity (e.g., Kleinman et al., 2008). The limitations
of the methods used to determine inclusion in the high-risk group present a crucial
consideration as the very nature of the high-risk research design relies ultimately on
the fact that participants are indeed at high-risk for ASD. The most rigorous, albeit
time-consuming method for independently verifying ASD diagnosis is via the
combined method of developmental history-taking (e.g., using a structured interview
such as the ADI-R; Lord, Rutter, & Le Couteur, 1994), and direct behavioural
observation (e.g., using an observational assessment protocol such as the ADOS;
Lord et al., 2000).
This study utilised a high-risk research design to explore the mental health of
a group of 2-year-old toddlers with an older sibling with an ASD diagnosis (HR-

GENERAL&METHODOLOGY&

72&

toddlers). A low-risk comparison group of 2-year-old toddlers with an older sibling/s
without any such diagnosis (LR-toddlers) also participated. This study rigorously
confirmed ASD diagnoses among probands through use of the ADOS alongside
expert clinical judgment. All toddlers were seen twice; firstly at around age 2-years
and 12-months later around age 3-years.
Diagnostic Group Assignment
It was expected a priori that some toddlers in the high-risk group would
themselves meet criteria for an ASD diagnosis. Consequently, ASD diagnoses were
made for HR-toddlers at the 3-year-old visit following a comprehensive clinical gold
standard diagnostic assessment for ASD (including direct observation and
assessment of the child’s behaviour, development, and language skills, and taking a
developmental history from the participating parent), with reference to DSM-IV-TR
(American Psychiatric Association, 2000) diagnostic criteria. The purpose of this
assessment was to classify HR-toddlers into two confirmed subgroups; those who
met criteria for an ASD (HR-ASD), and those who did not (HR-no-ASD) in order to
determine whether group differences on key dependent variables (e.g., temperament
and mental health problems) were an outcome of specific ASD diagnosis versus riskgroup status per se.
Measures
All measures used in this study are described below, along with consideration
of their psychometric properties. These measures were used as dependent variables
(DVs), independent variables (IVs), and/or to characterise the sample.
Dependent Variables
Key DVs for this research comprised various measures of child mental health
and temperament, and are described here.
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Behavior Assessment System for Children, 2nd Edition. The Behavior
Assessment System for Children, 2nd Edition (BASC-2; Reynolds & Kamphaus,
2004) Parent Rating Scales were used as a measure of toddler and proband adaptive
and problem behaviours in this study. Whilst toddler BASC-2 scores were used as
DVs across all three studies, proband BASC-2 scores were used as IVs in Study 3.
These scales were chosen for their robust psychometric properties, ease of
administration, and their suitability for children as young as 24-months. Furthermore,
the BASC-2 includes a response set and indexes of validity, allowing further checks
over the quality of responses (Reynolds & Kamphaus, 2004). The series of studies
reported herein focuses on the clinical, and not the adaptive, subscales and
composite scales.
The Preschool, Child, and Adolescent forms were used in this study
depending on the age of the toddler and proband in question (Preschool: 2- to 5years, 134 items; Child: 6- to 11-years, 160 items; Adolescent: 12- to 21-years, 150
items). Parents rate each item on a 4-point Likert scale ranging from never to almost
always. Scores are summarised into individual subscales and composite scales. The
clinical subscales are hyperactivity, aggression, anxiety, depression, somatisation,
atypicality, withdrawal, and attention problems. The adaptive subscales include
adaptability, social skills, activities of daily living, and functional communication.
Combinations of these subscales form the four composite scales. For the Preschool
form, the externalising problems composite scale includes hyperactivity and
aggression subscales; the internalising problems composite scale includes anxiety,
depression, and somatisation subscales; the behavioural symptoms index composite
scale includes hyperactivity, aggression, depression, atypicality, withdrawal and
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attention problems subscales; and the adaptive skills composite scale includes all of
the abovementioned adaptive subscales.
The psychometric properties of the BASC-2 are sound. The composite scales
show good internal consistency across Preschool, Child, and Adolescent forms
(range = 0.85-0.95) and test-retest reliability (range = 0.81-0.86), as do the subscales
(internal consistency range = 0.70-0.88; test-retest reliability range = 0.72-0.85).
Furthermore, the BASC-2 item content was developed with reference to relevant
sources including DSM-IV and DSM-IV-TR (American Psychiatric Association, 1994,
2000) diagnostic criteria and information from children, parents, teachers and
psychologists. The BASC-2 also has good convergent validity. Most correlations
between the BASC-2 PRS Preschool, Child and Adolescent and the Child Behavior
Checklist composite scales were highly positive, with the exception of some
moderately positive correlations for the internalising scales. Correlations for the
internalising scales were .68, .75, and .65 for the preschool, child, and adolescent
forms respectively. Correlations for the externalising scales were .83, .78, and .77 for
the preschool, child, and adolescent forms respectively. Lastly, correlations for the
total problems scales were .78, .83, and .76 for the preschool, child, and adolescent
forms respectively (Reynolds & Kamphaus, 2004).
Raw scores are converted into standardised T scores (population M = 50, SD
= 10). Children with scores falling between one and two standard deviations from
the mean (i.e., clinical scales: T = 60-69; adaptive scales: T = 31-40) are considered
to be in the at risk range, which indicates that significant difficulties may be present
or that there is an absence of adaptive skills that may require intervention. Scores
falling more than two standard deviations from the mean (i.e., clinical scales: T ≥ 70;
adaptive scales: T ≤ 30) are considered clinically significant, indicative of a

GENERAL&METHODOLOGY&

75&

significant level of maladaptive behaviour or lack of adaptive behaviour, likely
requiring intervention and potentially worthy of diagnosis (Reynolds & Kamphaus,
2004).
Short Temperament Scale for Toddlers. The Short Temperament Scale for
Toddlers (STST) is a 30-item Australian adaptation of the 97-item parent-report
Toddler Temperament Scale (TTS; Fullard, McDevitt, & Carey, 1984), which draws
on Thomas and Chess’ (1977) conceptualisation of infant temperament. This
measure was chosen for its brief administration time, comparable psychometric
properties to the lengthier version, and the availability of Australian norms. As
studies have shown differences in temperament across cultures (e.g., Cozzi et al.,
2013; Sewell, Oberklaid, Prior, Sanson, & Kyrios, 1988; Slobodskaya, Gartstein,
Nakagawa, & Putnam, 2013), it was considered important to use a scale with
Australian norms.
The STST is suitable for use with 1- to 3-year-old children, and items are
rated by the primary caregiver on a 6-point Likert scale from almost never to almost
always. Scores are summarised across six factors – approach,
cooperation/manageability, persistence, rhythmicity, distractibility, and reactivity –
and an overall easy/difficult temperament scaled score is calculated by averaging the
mean of the approach, cooperation-manageability, and reactivity factors.
The STST has yet to be formally published. Its factor structure was explored
in the Australian Temperament Project (ATP; Prior, Sanson, & Oberklaid, 1989),
with six factors identified (outlined above). Alpha coefficients for these factors are
as follows: approach, α = .84; cooperation-manageability, α = .65; rhythmicity, α
= .58; persistence, α = .65; distractibility, α = .55, and reactivity, α = .64. Test-retest
reliability over a 3.5 week period is 0.86 (Prior et al., 1989; Sanson et al., 2009).
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Australian normative data and interpretative guidance for the STST is provided in
the Appendices of the following two empirical chapters.
Independent Variables
Key IVs for this research comprised measures of child temperament (also
used as a DV in Study 1), and parent and proband mental health. Since the
temperament measure (STST) and proband mental health measure (BASC-2) have
already been described above, only the parent mental health measure is described
here.
Depression Anxiety Stress Scales. The Depression Anxiety Stress Scales
(DASS21; Lovibond & Lovibond, 1995) were used as a measure of parental state
depression, anxiety, and stress. The DASS21 is an Australian developed, 21-item
adolescent and adult self-report measure of depression, anxiety and stress. The three
scale totals were used to explore the impact of parent mental health on toddler
mental health. Since the DASS21 measures symptoms experienced over the past
week, it is said to measure state rather than trait depression, anxiety and stress.
Furthermore, unlike other screening tools such as the Beck Depression Inventory
(BDI; Beck & Steer, 1987), the DASS was developed with non-clinical rather than
clinical samples, making it an ideal screening tool for commonly experienced mental
health difficulties in research samples.
Respondents are asked to rate each item as it applied to them over the past
week on a 4-point Likert scale ranging from 0 = did not apply to me at all, to 3 =
applied to me very much, or most of the time. Total scores for each subscale are
classified into normal, mild, moderate, severe and extremely severe ranges. Norms
were developed from a large sample of 1,044 males and 1,870 females aged 17- to
69-years-old. The DASS21 shows good internal consistency on all subscales

GENERAL&METHODOLOGY&

77&

(depression = 0.81; anxiety = 0.73; stress = 0.81), and good convergent validity with
other measures of depression and anxiety, such as the Hospital Anxiety and
Depression Scale (HADS; Crawford & Henry, 2003; r = .66 between DASS
depression and HADS depression scales; r = .62 between DASS anxiety and HADS
anxiety scales; Zigmond & Snaith, 1983). It is used extensively in research and
clinical practice.
Child Characterisation Measures
Modified Checklist for Autism in Toddlers. The Modified Checklist for
Autism in Toddlers (M-CHAT; Robins, Fein, Barton, & Green, 2001) was used to
screen for signs of ASD among LR-toddlers during a telephone interview prior to
study entry, in order to confirm the likely absence of ASD. This measure was chosen
for its ease of administration during a telephone interview (i.e., yes/no answers and
brevity), and its ability to be used with very young children (i.e., some of whom
were around 18-months of age when their parents first expressed interest in
participating in the study).
The M-CHAT is a 23-item yes/no parent report screening tool for
autism/pervasive developmental disorders (PDDs) designed for use with children
aged 16- to 30-months. The validation study for the M-CHAT calculated sensitivity
and specificity based on the incomplete subset of children who had been followed up
at the time of publication. Hence, the following estimates are based on discriminate
function analysis using current diagnoses for this subgroup of children. These
calculations produced estimates for sensitivity of 0.87-0.97, specificity of 0.95-0.99,
positive predictive power of 0.36-0.80, and negative predictive power of 0.99 for the
identification of autism/PDDs. Internal consistency is satisfactory (α = 0.85; Robins
et al., 2001).
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Social Communication Questionnaire. The Social Communication
Questionnaire (SCQ; Rutter, Bailey, & Lord, 2003) was used to provide an
additional screen for ASD in LR-toddlers when they attended the 3-year-old data
collection visit, and also to screen for signs of ASD among all older siblings of LRtoddlers. The SCQ items were developed from the Autism Diagnostic Interview –
Revised (Rutter, Le Couteur, & Lord, 2003). It is a 40-item yes/no parent report
screening tool for ASD, originally designed for use with children over 4-years of age
and with mental age over 2-years (Rutter, Bailey, et al., 2003). It can, however, be
used with children as young as 2-years (e.g., Rosenberg et al., 2009) providing
mental ages exceed 2-years’ equivalence (Rutter, Bailey, et al., 2003), as was the
case for all LR-toddlers at the 3-year-old data collection visit. The SCQ
demonstrates good internal consistency across different age groups (α = 0.84-0.93).
It has good sensitivity (0.85), specificity (0.75), and a positive predictive value of
0.93 and a negative predictive value of 0.55 for distinguishing ASD from other
diagnoses (Rutter, Bailey, et al., 2003).
Mullen Scales of Early Learning – AGS Edition. The Mullen Scales of
Early Learning – AGS Edition (MSEL; Mullen, 1995) were used as measure of
toddler cognitive ability, to assist in characterising the sample and for use as a
potential covariate in analyses. The MSEL is a standardised test of cognitive and
motor development for children aged from birth to 68-months. Toddlers complete
the assessment individually with an examiner in 30-60 minutes. Results are
summarised into five scales: gross motor (computed for children aged from birth to
33-months only), visual reception, fine motor, expressive language, and receptive
language.
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This measure was used at the 2-year-old and 3-year-old visits, and so only
the psychometric properties relevant to use with these age groups are presented here.
The MSEL scales demonstrate good split-half reliability in the 21- to 38-month age
range (range of r scores = 0.71-0.90). The four scales administered to children of all
ages (i.e., visual reception, fine motor, expressive language and receptive language)
are used to calculate the Early Learning Composite (ELC), a summary measure of
cognitive ability, which also demonstrates excellent split-half reliability (r = 0.94 for
21- to 26-month-olds; r = 0.92 for 33- to 38-month-olds). Test-retest reliability over
approximately a 1- to 2-week period has been shown to be satisfactory for 1- to 24month-olds (range of r scores for the five scales = 0.82-0.96) and for 25- to 56month-olds (range of r scores for the four scales = 0.71-0.79; Mullen, 1995).
Raw scores on the five scales are converted into standardised T scores
(population M = 50; SD = 10) with a corresponding percentile rank. The ELC is
calculated as a standard score (population M = 100, SD = 15). Children with T scores
on any given scale falling more than two standard deviations below the mean (i.e., T
≤ 30) are considered to be significantly delayed and early intervention services are
recommended. Children with T scores falling more than one and a half standard
deviations, but less than two standard deviations below the mean (i.e., T = 31-35),
are considered to be at risk of delay and early intervention services should be
considered.
Developmental quotients were calculated for non-verbal ability (i.e., based
on visual reception and fine motor subscales), verbal ability (receptive and
expressive language subscales), and overall developmental level. These scores were
calculated by averaging the relevant age equivalent scores and expressing these as a
function of child chronological age at the time of testing.
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Autism Diagnostic Observation Schedule – Generic. The Autism
Diagnostic Observation Schedule – Generic (ADOS-G; Lord et al., 2000) was used
to independently confirm the ASD diagnoses of probands in the HR-group, and to
provide part of a gold standard diagnostic assessment protocol for all HR-toddlers at
the 2- and 3-year visits. The ADOS-G is a semi-structured play-based assessment of
social and communication behaviours suitable for use with toddlers through to adults
suspected of having a diagnosis of ASD. The ADOS-G comprises four modules, one
of which is selected for administration based on the individual’s expressive language
level and chronological age (ranges from no speech [Module 1] to verbally fluent
[Module 4]). Each module can be administered in approximately 30-45 minutes and
provides a direct observational measure of behaviour in the domains of social
interaction, communication, imagination/creativity, and stereotyped behaviours and
restricted interests (Lord et al., 2000).
Scores are entered onto the diagnostic algorithm, which comprises total
scores for communication and reciprocal social interaction domains, and for a total
communication plus social interaction domain. A score for imagination/creativity is
also included, as well as a total for stereotyped behaviours and restricted interests,
although these do not contribute to the diagnostic algorithm for the ADOS-G, but are
provided for clinical information. The ADOS-G diagnostic algorithm has two
cutoffs: one for autism (i.e., Autistic Disorder) and another lower cutoff for autism
spectrum (i.e., ASD). To reach cutoff for ASD on the ADOS-G, the participant must
meet the relevant cutoff on both of the individual communication and reciprocal
social interaction domains, and also on the combined communication plus social
interaction total (Lord et al., 2000). The ADOS-G was administered as this was the
version available when the study began, though the ADOS-2 was published in the
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meantime. Revised diagnostic algorithms, incorporated into the more recently
published ADOS-2, became available in the literature in 2007 (Gotham, Risi, Pickles,
& Lord, 2007). Given that these present superior psychometric properties to the
original ADOS-G diagnostic algorithms, the revised algorithms were computed
based on ADOS-G data generated in the current assessments, and these were utilised
in the analyses reported across Studies 1, 2 and 3.
The ADOS-G has sound psychometric properties. Internal consistency has
been established, with Cronbach’s alphas across modules ranging from 0.86-0.91 for
the social interaction domain; 0.74-0.84 for the communication domain; and 0.470.65 for the stereotyped behaviours and restricted interests domain. Inter-rater
reliability across modules was 0.92 for the communication-social interaction total
and 0.82 for the stereotyped behaviours and restricted interests total, whilst testretest reliability was 0.82 for the communication-social interaction total and 0.59 for
the stereotyped behaviours and restricted interests total. Furthermore, for
discriminating autism and ASD from non-spectrum diagnoses, sensitivity was 0.97
and specificity 0.94 for Module 1; sensitivity was 0.95 and specificity 0.87 for
Module 2; and sensitivity was 0.90 and specificity 0.94 for Module 3 (Lord, Rutter,
DiLavore, & Risi, 2002).
The doctoral candidate received extensive training and supervision on the
administration, scoring, and interpretation of the ADOS-G by the principal
supervisor, who is an accredited ADOS trainer, and subsequently achieved research
reliability on the measure. The doctoral candidate, the principal supervisor, or
another researcher trained to research-level reliability on the ADOS-G administered
this assessment. Scoring was conducted by a second person who observed the
assessment (either the doctoral candidate or the principal supervisor), with most
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assessments scored live, but some coded later from videotape. Hence, all data
collected are confidently considered to meet the stringent research-level reliability
required when using ADOS for research (Lord et al., 2000).
Autism Diagnostic Interview – Revised. The Autism Diagnostic Interview
– Revised, WPS Edition (ADI-R; Rutter, Le Couteur, et al., 2003) was used, along
with the ADOS-G, to comprise a gold standard diagnostic assessment for ASD for
all HR-toddlers at the 3-year-old-visit. The ADI-R is a semi-structured 93-item
developmental interview conducted with parents or caregivers of children,
adolescents and adults who are suspected of having a diagnosis of autism or PDD
with a minimum mental age of 24-months. The interview typically takes 1.5-2.5
hours to complete and covers three domains of behaviour that align with DSM-IV
(American Psychiatric Association, 1994) criteria; reciprocal social interaction,
communication, and restricted, repetitive and stereotyped behaviour, plus a scale
regarding the age of symptom onset. It is a useful tool for differential diagnosis, and
also provides useful clinical information on key behaviour problems that are often
present in ASD (e.g., aggression).
A diagnostic algorithm comprising up to 42 items is used to identify cases of
Autistic Disorder, and the individual must meet cutoff on each of the three domains,
as well as the age of onset criterion. It is important to note that the ADI-R provides a
cutoff for Autistic Disorder but not for other broader ASD, such as Asperger’s
Disorder or PDD-NOS. The ADI-R shows good internal consistency across domains
(social = 0.95; restricted and repetitive behaviours = 0.69; communication = 0.84).
Inter-rater reliability ranges from 0.62-0.89.
The ADI-R is still considered the most comprehensive and the best
developmental interview for ASD, both in research and clinically. More recently,
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lower cutoffs than those originally reported for Autistic Disorder have been proposed
to account for the broadened diagnosis of ASD, with adequate sensitivity and
specificity for these reported in large samples. Risi et al. (2006) suggest that when
cutoff is met on two of the three ADI-R domains (including reciprocal social
interaction), this is suggestive of an ASD.
The doctoral candidate was trained on the administration and scoring of the
ADI-R using the training guidebook and videotapes that accompany the ADI-R WPS
edition (Rutter & Le Couteur, 2004), and also through live administration and
ongoing supervision received from the principal supervisor, who has extensive
experience in the use of this measure. The ADI-R was administered and scored by
the doctoral candidate or the principal supervisor, who had achieved research
reliability on the measure.
Analytical Approach
The approach taken to screening, cleaning, and analysis of the data reported
in the following three studies is detailed below.
Data Cleaning
Missing data. Initial checks for missing data and data entry errors were
performed by inspecting descriptive statistics for plausibly in the range of scores,
counts, means, and standard deviations. There were very low levels of missing data
detected on the STST, M-CHAT, SCQ, BASC-2, and DASS questionnaires (< 2%).
Since the level of missing data fell below the threshold recommended by each
measure to calculate scale scores, all scale scores for each measure were computed
for each participant. Only the MSEL presented a reasonable amount of missing data
at the 2-year-old visit (11.7% of cells missing). This was due to factors commonly
encountered with 2-year-olds, such as child illness on the day of testing, shyness and
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non-compliance. Missing data for this measure were imputed using the expectation
maximisation method (as recommended by Tabachnick & Fidell, 2001). Data
analysis was subsequently conducted both with and without imputation to determine
whether results were adversely impacted following this procedure. As there were no
undue effects identified, imputed variables were deemed suitable for use in the
analyses and are reported in the empirical chapters.
Outliers and normality. Since this project sought to identify possible group
differences on key variables (i.e., differences between LR-toddlers, HR-no-ASD,
and HR-ASD toddlers), data were screened for outliers and normality in each group
separately, as recommended by Tabachnick and Fidell (2001). However, since our
two HR-subgroups were small (approximately 15 cases per group), screening these
groups separately was not considered appropriate. Instead, data were screened across
each of the LR- and HR-groups separately (approximately 30 cases per group).
Scores on each variable were saved as standardised scores and subsequently
inspected for outliers, in each group. Since Z scores are restricted by small sample
sizes, a cutoff value of 2.575 (α = .01) rather than the stricter 3.29 (α = .001) was
used to identify univariate outliers as recommended by Stevens (1996). For LRtoddlers, no outliers were detected, whilst for HR-toddlers, a total of six data points
were deemed outliers on the following variables: STST rhythmicity, cooperationmanageability; BASC-2 externalising problems, internalising problems, and
behavioural symptoms index. For parents of LR-toddlers, two outlying data points
were identified on DASS depression and DASS anxiety, whilst for parents of HRtoddlers, three outlying data points were found on DASS depression and DASS
anxiety. For proband BASC-2, one outlier data point was identified for probands in
the LR-group on internalising problems, and one was identified for probands with
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ASD on externalising problems. Outliers were subsequently adjusted by assigning a
value one unit larger (or smaller, where appropriate), than the next most extreme
value in the relevant groups’ dataset (Tabachnick & Fidell, 2013). This approach
serves to maintain the rank order of the data points and to maintain power, as the
outliers are not simply excluded from analyses.
To assess for normality, the distribution of scores for each variable was first
visually inspected via histograms. Subsequently, skewness, kurtosis, and their
respective standard error scores were calculated for each variable. Fisher coefficients
(Z scores) were calculated by dividing each skewness and kurtosis value by its
standard error score (Pett, 1997). As recommend for small to moderate samples, Z
scores significant at the .001 level (i.e., exceeding the critical value of 3.29) were
interpreted as having significant skewness or kurtosis (Tabachnick & Fidell, 2001).
Fisher’s coefficients were calculated before and after outlier adjustment.
The Shapiro-Wilk test statistic was also calculated for each variable to test
for departures from normality. However, the Shapiro-Wilk test statistic is very
sensitive, and consequently Pett (1997) recommends that for small samples this test
statistic should be assessed in concert with a combination of visual inspection of the
distribution of the data, plus evaluation of the skewness and kurtosis of the
distribution when assessing normality. Hence, those variables considered to seriously
violate the assumption of normality were those presenting both significant Fisher
coefficients for skewness and/or kurtosis, plus a Shapiro-Wilk test statistic
significant at the p < .05 level. The only variables that violated normality according
to this criterion following outlier adjustment were DASS depression and DASS
anxiety for parents of LR-toddlers. After visual inspection of the data and
consideration of the absolute value of the Fisher coefficients for skewness and
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kurtosis (which was noted only just to exceed the critical value of 3.29; DASS
depression Zskewness = 3.93, Zkurtosis = 3.45; DASS anxiety Zskewness = 4.17),
these violations were not deemed sufficiently severe to warrant transformation.
Further, Tabachnick and Fidell (2001) assert that univariate ANOVA is robust to
moderate violations of normality if there are at least 20 degrees of freedom for error
and there are no outliers. Hence, if extremely positively or negatively skewed
distributions (J shaped distributions) were observed, this principle would not hold.
Given that the sample size ensures the degrees of freedom for error will always
exceed 20, that the data are grouped, that the violation of normality presented in only
one of the groups and was not severe, and that outliers have been adjusted for,
transformations were not performed. Hence, all analyses performed were with
untransformed data, with outliers adjusted and missing values imputed.
Statistical Analyses
Analyses were performed using the Statistical Package for the Social
Sciences (SPSS) Version 22. To explore the data, correlations between key variables
of interest were computed (e.g., between STST and BASC-2 variables).
Assumptions important for correlational analysis, including the absence of
multivariate outliers, and the presence of linearity and homoscedasticity, were
checked by inspecting scatterplots. Since the sample size was relatively small, an
interpretative approach less reliant on significant p values was preferred, in order to
minimise the chance of Type II errors. Hence, all correlations greater than or equal
to ±.33 are discussed as meaningful within the empirical chapters of this thesis. This
cutoff was chosen as correlations of this size suggest 10% or more of shared
variance among measures, and hence are considered clinically important.
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In Study 1, a combination of multivariate and univariate analyses was
performed as appropriate to determine differences between groups. An initial check
between groups for differences on key variables of interest (e.g., toddler
chronological age, mental age, gender distribution) was made, with no statistically
significant differences found between the HR- and LR-groups at both time points on
these key variables. Hence it was considered unnecessary to covary for any of these
variables in the subsequent MANOVAs and ANOVAs undertaken to examine group
differences on key mental health and temperament DVs. To minimise the chance of
Type I errors, where key variables were conceptually related (e.g., various
temperament factors), a MANOVA was performed with follow-up univariate
ANOVAs conducted only where a significant multivariate effect was found.
General assumptions of MANOVA and ANOVA were checked prior to
performing analyses. Dependent variables were all measured using continuous scales
(i.e., at least interval level of measurement). Observations were considered to be
independent of one another and, as already described, the assumption of normality
was met. In a small number of cases, Levene’s test for equality of variances was
significant, indicating violation of the assumption of homogeneity of variance.
However, MANOVA and ANOVA are robust to this violation when the size of
groups is similar (i.e., largest/smallest < 1.5), as was the case in this dataset. Hence,
this was not considered a problematic violation (Stevens, 1996), and analyses were
performed and interpreted as usual.
The prediction of mental health outcomes reported in Studies 2 and 3 was
analysed via hierarchical multiple regression. The assumptions of multiple
regression analyses were first checked. Sample size was considered adequate to
perform multiple regression analyses, with approximately 15 cases per predictor in
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this sample (Stevens, 1996). Correlational analyses between IVs were undertaken in
order to assess multicollinearity, with no variables found to be very highly correlated.
The issue of singularity was avoided by ensuring that IVs entered into the
subsequent multiple regression analyses were not a combination of one another (i.e.,
BASC-2 composite scores and subscale scores were never entered simultaneously).
Residuals scatterplots produced during regression analyses were inspected to
confirm the assumptions of normality, linearity, and homoscedasticity.
Statistical versus Practical Importance
While the conventional alpha level of .05 was used in analyses, effort was
also made to highlight where a practical/clinically important group difference was
present. This approach was taken so that the results of the studies described in the
following three chapters could be readily applied to clinical practice. Effect sizes
were reported to provide a standardised estimate of the magnitude of differences
observed, and the proportion of children falling into the at risk or clinically
significant range on a given measure was reported where appropriate. The variance
explained in predictive analyses (e.g., multiple regression, correlation) was also
highlighted to address this point (Stevens, 1996).
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Abstract
Group differences in temperament and mental health were investigated
longitudinally from 2- to 3-years of age in 30 toddlers at familial high-risk for
Autism Spectrum Disorders (ASD) and 28 low-risk control toddlers, all recruited
around 2-years-of-age. ASD diagnostic status of high-risk toddlers was determined
at 3-years. Parents completed the Short Temperament Scale for Toddlers and the
Behaviour Assessment System for Children. Only high-risk toddlers with ASD were
more difficult, arrhythmic, reactive and irritable, and less persistent, than low-risk
controls. Further, only high-risk toddlers with ASD showed an increase in reactivity
and irritability over time. High-risk toddlers, regardless of subsequent diagnosis, had
more parent-reported symptoms of externalising problems, whilst only those without
ASD outcome had higher internalising problems, compared to low-risk controls. One
in five high-risk toddlers without ASD outcome, two in five high-risk toddlers with
ASD outcome, and no low-risk toddlers, were in the clinical range for total mental
health difficulties at 3-years. Only among high-risk toddlers with ASD outcome was
there a substantial increase in the proportion of children in the clinical range for
mental health problems over time. A consolidation of mental health difficulties,
difficult temperament, arrhythmicity, lower persistence, and an increase in reactivity
and irritability over toddlerhood, may serve as early markers of ASD in high-risk
populations.
Keywords: internalising difficulties, externalising difficulties, temperament,
Autism Spectrum Disorder, high-risk siblings.
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Temperament and Mental Health Difficulties across Toddlerhood in Children at
High-Risk for Autism Spectrum Disorder
Autism Spectrum Disorders (ASD) are a cluster of neurodevelopmental
conditions characterised by deficits in social-communication skills, with the
presence of restricted, repetitive interests and behaviours (American Psychiatric
Association [APA], 2013). Children with an older sibling with ASD are considered
at familial high-risk, with a one in five chance of developing ASD themselves
(Ozonoff et al., 2011). However, familial high-risk status confers not only increased
risk for ASD, but also for other developmental difficulties, such as language
impairment (for a review, see Drumm & Brian, 2013). Recent research has indicated
that younger siblings of children with ASD may also be at increased risk for
temperament and mental health difficulties (e.g., Clifford et al., 2013; Verte,
Roeyers, & Buysse, 2003), with temperament predictive of later mental health in
general population (Guerin, Gottfried, & Thomas, 1997) as well as in ASD samples
(Schwartz et al., 2009). Genetic and environmental risk factors, including increased
risk for ASD, temperament difficulties, and stress and mental health problems in
family members, may place younger siblings at increased risk for mental health
difficulties (for a review, see Meadan, Stoner, & Angell, 2010).
While prospective studies tracking younger siblings have traditionally sought
to identify very early behavioural and neurobiological markers of ASD (e.g.,
Zwaigenbaum et al., 2005), comparatively few studies using this design have
investigated associated features, such as mental health difficulties. To date, there are
few published studies on temperament, and no published studies on mental health in
high-risk siblings under 3-years of age. Hence, the current study aimed to explore
whether familial high-risk status for ASD also confers increased risk for
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temperament and mental health difficulties across toddlerhood, from 2- to 3-years of
age.
Temperament in Typical Development
Present from infancy but shaped by the environment, temperament has been
conceptualised as a child’s largely constitutionally based style of behaving and
interacting with the environment (Prior, Sanson, Smart, & Oberklaid, 2000; Thomas
& Chess, 1977; Thomas, Chess, & Birch, 1968), and is associated with children’s
mental health (Prior, Sanson, et al., 2000). Temperament is conceptualised along a
continuum where easier temperament reflects biological rhythmicity, reduced
negative emotion, approachability, and adaptability to environmental changes. By
contrast, more difficult temperament reflects biological irregularity, increased
negative emotions, reduced adaptability to change, low approachability, and intense
emotional expression (Thomas & Chess, 1977). These characteristics of difficult
temperament are referred to hereafter as temperament difficulties.
Importantly, such temperament difficulties have been linked to depression
and anxiety symptoms (Cote et al., 2009) and to aggressive behaviour (Guerin et al.,
1997) during childhood, within general population samples. For instance, Guerin et
al. (1997) found parent-rated temperament in 18-month-olds predicted child
behaviour problems through to 12-years. Temperament has therefore been shown to
be a reliable longitudinal predictor of mental health difficulties in typically
developing samples.
Mental health in Typical Development
The Zero to Three Infant Mental Health Task Force (2002) define InfantMental health as “…the developing capacity of the child from birth to age three to
experience, regulate and express emotions; form close and secure interpersonal
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relationships; and explore the environment and learn” (p.1). Emotional expression
and regulation – key elements of infant mental health – are essential developmental
tasks of early childhood (National Research Council and Institute of Medicine,
2000), and show overlap with the concept of temperament.
Childhood mental health difficulties are often classified into two broad, but
related, categories; internalising and externalising difficulties. The former, including
anxiety and depressive-type symptoms, are internally distressing for the child and
are often referred to as holding in type difficulties, while the latter, including
aggression and hyperactivity, are often labelled acting out behaviour (Prior, Sanson,
et al., 2000). A significant minority of young children begin to display mental health
difficulties during early childhood. Sawyer et al. (2001) estimate approximately one
in seven of 4- to 17-year-olds have mental health problems, a figure consistent with
data collected for 18-month-old children by Skovgaard et al. (2007). Furthermore,
mental health difficulties in toddlers show stability into later years, with one in two
2- to 3-year-old children retaining a psychiatric diagnosis when followed up 3- to 4years later (Lavigne et al., 1998). Further, signs of mental health difficulties in
childhood can precipitate the development of later mental disorders (Raphael, 2000;
Tolan & Dodge, 2005).
Clinical and general population studies have identified a link between
temperament and mental health. Temperamental inhibition, or shyness, has been
associated with anxiety disorders in young children in both cross-sectional
(Biederman et al., 2001; Marakovitz, Wagmiller, Mian, Briggs-Gowan, & Carter,
2011) and longitudinal studies (Prior, Smart, Sanson, & Oberklaid, 2000). In adult
studies, temperament factors such as impulsivity have been shown to prospectively
predict suicidal behaviour in patients with mood disorders (Maser et al., 2002).
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Temperament and Mental Health in the Context of ASD
Temperament is reportedly more difficult in children with ASD compared to
intellectually impaired, and typically developing, children (e.g., Kasari & Sigman,
1997). Furthermore, recent studies, outlined below, have shown higher-than-usual
rates of temperament difficulties in toddlers at familial high-risk for ASD compared
to low-risk controls without any such family history. Furthermore, differences on
several temperament dimensions have been found to differentiate those high-risk
toddlers who develop ASD from those who do not. Clifford et al. (2013) found highrisk infants’ temperament profile to be characterised by reduced approach
behaviours (surgency) at 7- and 14-months, and reduced ability to regulate emotion,
attention, and behaviour (effortful control) at 14- and 24-months, compared with
low-risk controls. Furthermore, children later diagnosed with ASD had increased
perceptual sensitivity to environmental stimuli in the first 2-years of life, and had
reduced cuddliness and increased negative affect in their second year, compared with
high-risk toddlers without ASD. Similarly, Garron et al. (2009) found that high-risk
24-month-olds as a group had more difficulty regulating negative emotions, and
showed poorer attention control and lower positive affect than low-risk controls.
Further, those high-risk individuals diagnosed with ASD at 36-months were
differentiated from high-risk toddlers without ASD and low-risk controls by a
temperament profile of lower behavioural approach, higher activity levels, and lower
attention shifting ability.
Following a case series of nine high-risk infants (four girls) who met criteria
for ASD at 36-months, Bryson et al. (2007) found that children became
temperamentally more difficult between 6- and 12-months of age. Specifically,
children became more intolerant of intrusions and more irritable, had an increase in
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negative affect, a reduction in their ability to be soothed, and prominent selfregulatory difficulties. Some children appeared initially easier temperamentally, and
then became more difficult, whereas others appeared initially more difficult and
experienced a consolidation of this difficult temperament profile, which occurred
alongside a consolidation of autism symptoms.
Zwaigenbaum et al. (2005) followed 65 infant siblings of children with ASD
and 23 low-risk controls from the time of recruitment at around 6-months, until 24months to investigate very early behavioural manifestations of ASD. They found a
characteristic pattern of temperament distinguished the high-risk infants diagnosed
with ASD at 24-months from high-risk infants without diagnoses and low-risk
controls. Around 6-months of age they found a decrease in activity level and striking
passivity, and around 12-months of age they found decreased positive affect, object
fixation, and displays of extreme distress and increased irritability.
With a slightly different focus to the abovementioned studies, del Rosario,
Gillespie-Lynch, Johnson, Sigman, and Hutman (2014) investigated the change in
parent-reported temperament trajectories from 6- to 36-months in 54 children at
high-risk for ASD, with diagnostic assessments completed at 36-months. They found
activity levels increased, whilst adaptability and approach decreased over time in
children diagnosed with ASD versus those deemed to be typically developing.
Interestingly, in the first year, children later diagnosed with ASD were higher in
adaptability and approach, and lower in activity levels than high-risk siblings
without any such diagnosis. Then, at 2- and 3-years, children with ASD were rated
as less adaptable and approaching than typically developing children. Hence, key
characteristics of temperament seem to change in direction before toddlerhood in
high-risk cohorts. The authors note that sample sizes were small, particularly during
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infancy, which may have impacted results. Furthermore, lack of a control group
precludes comparison of temperament trajectories with children who have typically
developing siblings.
Utilising a population cohort design rather than a high-risk design, Bolton,
Golding, Emond, and Steer (2012) prospectively investigated predictors and early
signs of ASD, including temperament, within a cohort of 14,541 children, 86 of
whom had received a community diagnosis of ASD by age 11-years. Parent-reported
temperament at 24-months predicted whether children were later diagnosed with
ASD. The odds of developing ASD were increased with increased scores for
activity, adaptability, intensity, mood, and persistence, whilst odds were decreased
with increased scores for distractibility and threshold of responsiveness measured at
24-months. Although unaffected by recruitment bias, an important limitation of this
study was the possibility that the case rate of ASD was underestimated; only children
referred for ASD assessment and diagnosis in their communities had their diagnoses
confirmed through the study and hence formed part of the ASD group.
In addition to temperament difficulties in the siblings themselves, families
with a child with ASD may have a variety of other risk factors that place siblings at
increased risk for mental health difficulties. These families are usually under greater
stress, and report more mental health difficulties than families where all children are
typically developing (e.g., Davis & Carter, 2008; Hastings et al., 2005; Ingersoll,
Meyer, & Becker, 2011). Furthermore, the older siblings with ASD themselves (i.e.,
the probands) are at increased risk for mental health difficulties, including anxiety
(e.g., Gillott, Furniss, & Walter, 2001), with proband behaviour difficulties
predictive of sibling adjustment (Hastings, 2007), thereby highlighting the role of
both environmental and genetic influences on sibling adjustment.
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Existing research into high-risk sibling mental health is sparse and limited in
scope, with most studies including samples varying widely in age range. This
approach prevents the identification of high-risk developmental stages for different
cohorts of children. The inclusion of both adolescents and younger children within
the same sample may bias results because mental health problems increase with age
over childhood (Centers for Disease Control and Prevention, 2013). Despite these
limitations, studies have found high-risk siblings to be at increased risk for
adjustment difficulties. Verte, Roeyers and Buysse (2003) reported elevated scores
on the Child Behaviour Checklist (CBCL; Achenbach, 1991) total problems,
externalising, and internalising scales in 6- to 16-year-old high-risk siblings
compared to controls. Also utilising the CBCL, Ross and Cuskelly (2006) found that
40% of 8- to 15-year-old high-risk siblings scored in the at-risk or clinical range for
internalising problems (20% had externalising problems). Using the Children’s
Depression Inventory (Kovacs, 1981), a study of 7- to 17-year-old high-risk siblings
found 50% to be in the depressed range compared to only 26% of controls (Gold,
1993). Lastly, a recent prospective study following high-risk siblings without ASD
diagnoses and low-risk controls found increased rates of internalising difficulties at
3-years in a cluster of individuals with higher levels of ASD traits, comprising
primarily high-risk siblings (i.e., 19.4% of the high-risk group, and only 4.5% of the
low-risk group; (i.e., 19.4% of the high-risk group, and only 4.5% of the low-risk
group; Georgiades et al., 2013).
Benson and Karlof (2008) found that parents reported high levels of
psychosocial difficulties on the Strengths and Difficulties Questionnaire (SDQ;
Goodman, 1997) in 3- to 11-year-old high-risk siblings. However, when scores for
those siblings with a diagnosed disorder (in most cases ASD or Attention-
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Deficit/Hyperactivity Disorder [ADHD]) were compared to scores of those siblings
without a diagnosis, only the former subgroup showed elevated scores on total
difficulties, conduct problems, hyperactivity, peer problems, and prosocial
behaviour, compared with available norms. The only exception was for the
emotional symptoms subscale where both groups of siblings’ scores were elevated
compared with normative data. The researchers argue that previous research has
failed to account for the fact that a significant proportion of high-risk siblings may
also have a pre-existing condition, potentially leading to an overestimation of
adjustment difficulties in siblings as a group, because children with these conditions
are also at heightened risk for adjustment difficulties.
To date, research into mental health difficulties in high-risk siblings has
produced some mixed results. The varied comparison groups employed (e.g.,
siblings of children with Down syndrome, developmental language delays, or typical
development), wide age ranges, and measures employed, make it difficult to
compare findings across studies and generalise results, and this may account for
some of the mixed findings (Benson & Karlof, 2008; Meadan et al., 2010;
Stoneman, 2005). Importantly, no study to date has investigated both mental health
and temperament in siblings under the age of 3-years, a time at which development
is progressing rapidly.
Aims and Hypotheses
The present study aimed to investigate whether increased rates of parentreported temperament and mental health difficulties might present across
toddlerhood in children at familial high-risk for ASD compared to low-risk controls.
Based on past research, we predicted increased rates of temperament and mental
health difficulties in toddlers at familial high-risk for ASD regardless of whether
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children had an ASD diagnosis. We also hypothesised that high-risk toddlers with
ASD would have higher levels of mental health difficulty compared to high-risk
toddlers without ASD. Specifically, we hypothesised that 2-year-old high-risk
toddlers, regardless of diagnostic status, would present with emotional regulation
difficulties (i.e., lower persistence than low-risk toddlers). In addition, we
hypothesised that high-risk toddlers with ASD diagnoses would be less approaching,
have increased negative affect and irritability (i.e., higher reactivity), and have more
difficult temperament compared to high-risk toddlers without ASD diagnoses and
low-risk controls.
Method
Approval to conduct the study was provided by the La Trobe University
Human Ethics Committee (Ref #11-074). Parents gave written informed consent.
Toddlers and their parents participated in two testing sessions, the first around age 2years (Visit 1 [V1]), and the second approximately 12 months later around age 3years (Visit 2 [V2]). Probands were seen at a separate visit for direct confirmation of
their ASD diagnoses. This paper reports on 28 low-risk and 30 high-risk toddlers
retained to V2 (with three recruited low-risk and one recruited high-risk toddler lost
to follow-up [6.45%], and one further low-risk family failing to return V2
questionnaires).
Participants
Low-risk toddlers. Participants in the longitudinal study were 28 low-risk
controls (henceforth, LR-toddlers), all of whom had older full-sibling/s without ASD
or other developmental difficulties, as reported by parents. Most LR-toddlers
attended the visits with their mother (two fathers). All were full term (≥ 37 weeks
gestation) and of normal birth weight (≥ 2500g). Recruitment was via local
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community child-care centres and playgroups, referral from health professionals, or
self-referral from posters, e-newsletters, and word of mouth. All LR-toddlers were
screened prior to entry into the study with the Modified – Checklist for Autism in
Toddlers (M-CHAT; Robins, Fein, Barton, & Green, 2001) to rule out possible ASD
and parents also reported no known cases of ASD in toddler’s first- or second-degree
relatives. At V2, LR-toddlers were screened again for ASD with the Social
Communication Questionnaire (SCQ; Rutter, Bailey, & Lord, 2003), with all
toddlers scoring below the clinical cutoff of 15 (M = 3.81, SD = 1.69; range = 0-7).
All older siblings were additionally screened for ASD with the SCQ, with all below
the clinical cutoff of 15 (M = 2.58, SD = 1.84; range = 0-8).
High-risk toddlers. Participants in the longitudinal study were 30 toddlers
deemed to be at high-risk for ASD (henceforth, HR-toddlers) by virtue of having at
least one older full-sibling with such a diagnosis. Most HR-toddlers attended the
visits with their mother (one father). All were full term (≥ 37 weeks gestation; one
was 36 weeks gestation), and of normal birth weight (≥ 2500 g). Most HR-toddlers
were recruited around the second birthday, from early intervention centres attended
by their probands, via direct referral from a health-professional to the study, via enewsletter, or word of mouth.
There were 29 male and one female probands (chronological age [CA] at
study entry, M = 67.80, SD = 26.22 months; one HR-toddler had two probands).
While all probands had a community clinical diagnosis of ASD (including Autistic
Disorder, Asperger’s Disorder, and Pervasive Developmental Disorder Not
Otherwise Specified [PDD-NOS]), this was verified using the Autism Diagnostic
Observation Schedule – Generic (ADOS-G; Lord et al., 2000), administered and
scored by individuals with demonstrated research reliability. The ADOS-G is a semi-
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structured, play-based assessment for individuals suspected of having an ASD. It
assesses core symptom domains of ASD, including social and communication skills,
play skills, and restricted and repetitive interests and behaviours. One proband was
unable to be assessed with the ADOS. However, a recent clinical assessment by a
registered psychologist indicated this proband had reached the ADOS cutoff for
ASD and so this family was not excluded from the study. All assessed probands met
the ADOS-G cutoff for ASD (Module 1, n = 4; Module 2, n = 17; Module 3, n = 9;
social affect plus restricted repetitive behaviour [SA + RRB] revised algorithm total
score M = 14.86, SD = 3.69; Gotham, Risi, Pickles, & Lord, 2007) and were
considered to have ASD based on clinical judgement. Thus all HR-toddlers were
confidently considered to be at familial high-risk for ASD.
Developmental and autism assessment. All toddlers were administered the
Mullen Scales of Early Learning (MSEL; Mullen, 1995) at V1 and V2. The MSEL is
a developmental assessment used with children aged from birth to 68-months.
Standardised T scores (M = 50, SD = 10) are provided for four cognitive scales
(visual reception, fine motor, receptive language, expressive language) and a gross
motor scale. An overall developmental quotient (DQ), and verbal (expressive and
receptive language subscales; VDQ), and non-verbal (visual reception and fine
motor subscales; NVDQ) DQs were calculated by averaging relevant age equivalent
(AE) scores, and expressing these as a function of child CA at the time of testing.
Children in the HR-group were also assessed using the ADOS-G (Lord et al., 2000),
at V1 and V2, administered and coded by/under the close supervision of researchreliable individuals. At V2, parents of toddlers in the HR-group were interviewed
with the Autism Diagnostic Interview-Revised (ADI-R; Lord, Rutter, & Le Couteur,
1994), a structured, 93-item developmental interview designed for use with
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parents/caregivers of individuals with suspected autism or a PDD. The ADI-R
assesses ASD symptoms in the domains of reciprocal social interaction,
communication, and restricted, repetitive and stereotyped behaviours. The diagnostic
algorithm provides a cutoff for Autistic Disorder (Rutter, Le Couteur, & Lord,
2003), and when combined with the ADOS-G, is considered to provide a goldstandard diagnostic assessment for ASD (Ozonoff, Goodlin-Jones, & Solomon,
2005).
A psychologist expert in early ASD diagnosis used DSM-IV-TR (APA, 2000)
criteria to make a clinical best estimate diagnosis, as appropriate, for each HRtoddler using all available information obtained across V1 and V2 (ASD diagnoses
included Autistic Disorder, Asperger’s Disorder, and PDD-NOS). The HR-toddlers
were subsequently separated into two diagnostic outcome groups: those who met
criteria for an ASD (hereafter, HR-ASD; n = 16; 53%) and those who did not
(hereafter HR-no-ASD; n = 14, 47%). The ascertained case rate of ASD was higher
than expected in the current sample than that based on past research, and likely
represents a recruitment bias. This issue is considered in the Discussion.
Temperament and mental health measures. The Short Temperament Scale
for Toddlers (STST) is a 30-item Australian adaptation of the 97-item parent-report
Toddler Temperament Scale (Fullard, McDevitt, & Carey, 1978) for 1- to 3-year-old
children. Each item (e.g., “The child sits still while waiting for food”, “The child
goes back to the same activity after brief interruption [snack, trip to toilet]”) is rated
on a 6-point Likert scale ranging from “almost never” to “almost always”. The STST
comprises six factors: approach, cooperation-manageability, persistence,
rhythmicity, distractibility and reactivity (Prior, Sanson, & Oberklaid, 1989). An
overall measure of temperament quality (the easy/difficult scale) is the mean of
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approach, cooperation-manageability, and reactivity items, with higher scores
indicating more difficulties. Internal reliability is satisfactory across the factors
(approach, α = .84; cooperation-manageability, α = .65; rhythmicity, α = .58;
persistence, α = .65; distractibility, α = .55, and reactivity, α = .64), and test-retest
reliability over a 3.5 week period is also satisfactory at 0.86 (Prior et al., 1989;
Sanson et al., 2009). Local norms and interpretative guidance for the STST are
provided in the Appendix.
The Behavior Assessment System for Children, Second Edition (BASC-2)
Parent Rating Scales–Preschool (Reynolds & Kamphaus, 2004), is a 134-item
measure of adaptive and problem behaviours for children aged 2- to 5-years. Each
item (e.g., “Is too serious”, “Is sad”, “Sleeps with parents”) is scored on a 4-point
frequency scale (never, sometimes, often, almost always). Scores are summarised
within composite scales (i.e., adaptive skills, externalising problems, internalising
problems, and an overall behavioural symptoms index), and individual scales (e.g.,
anxiety, hyperactivity). Standardised T scores (M = 50, SD = 10) on the clinical, but
not the adaptive, composite scales are reported in this paper. The main analyses
include the externalising and internalising problems indices but not the behavioural
symptoms index due to measurement overlap between ASD and the behavioural
symptoms index, and to prevent singularity as some subscales from the internalising
and externalising indices are also included in the behavioural symptoms index. The
composite scales show good internal consistency across Preschool, Child, and
Adolescent forms (range = 0.85-0.95) and test-retest reliability (range = 0.81-0.86),
as do the subscales (internal consistency range = 0.70-0.88; test-retest reliability
range = 0.72-0.85). The BASC-2 also shows good convergent validity with the
CBCL, with comparable composite scales highly positively correlated with one
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another (with the exception of some internalising scales, which were moderately
positively correlated). The clinical range was defined as a score one or more
standard deviations above the mean (i.e., falling in the at risk or clinically significant
range; T ≥ 60; Reynolds & Kamphaus, 2004).
Analysis Plan
Differences in temperament and mental health variables between Groups
(LR-toddlers, HR-no-ASD and HR-ASD) and over Visits (V1 and V2) were initially
explored with MANOVAs, with any significant effects found subsequently followed
up with univariate tests. Posthoc tests are reported with Bonferroni correction to
minimise the chance of Type I errors.
Results
Preliminary Data Checks
Data was inspected for violations of assumptions pertinent to MANOVA and
ANOVA analyses; with no serious issues apparent. Univariate outliers were adjusted
by assigning a value one unit larger/smaller than the next highest/lowest value in the
dataset, as recommended by Tabachnick and Fidell (2013). Low levels of missing
data (< 2%) at the item level for the STST and BASC-2 scales meant that summary
scores could be calculated for each child. For the MSEL, 11.7% of cells had missing
data due to child illness, shyness, and non-compliance. The expectationmaximisation method was used to impute missing data here (Tabachnick & Fidell,
2013), and analyses were performed both with and without missing data imputation,
which showed that expectation-maximisation had no undue effect on analysis
outcomes.
Key demographic data across the three toddler outcome groups is outlined in
Table 1. One-way ANOVAs indicated that the three groups were not statistically

&

TEMPERAMENT&AND&MENTAL&HEALTH&IN&HIGH7RISK&TODDLERS&

112&

significantly different at V1 on chronological age (CA), F (2, 55) = 0.76, p = .47;
NVDQ, F (2, 55) = 1.50, p = .23; VDQ, F (2, 55) = 2.14, p = .13; and overall DQ, F
(2, 55) = 2.21, p = .12. They were also not statistically significantly different at V2
on CA, F (2, 55) = 0.43, p = .65; NVDQ, F (2, 55) = 0.60, p = .55; VDQ, F (2, 55) =
0.77, p = .47; and overall DQ, F (2, 55) = 0.90, p = .41. At V1, in the HR-no-ASD
group there was one child who had an expressive language delay, whilst in the HRASD group there was one child who was at risk for a fine motor delay, one child
with a receptive language delay, one child at risk for an expressive language delay,
and one child with an expressive language delay. At V2, in the HR-ASD group there
was one child who had a visual reception delay, one child at risk for a fine motor
delay, one child who had a fine motor delay, and two children with an expressive
language delay. All children in the LR-group at V1 and V2, and all HR-no-ASD
toddlers at V2 fell within normal limits on the four cognitive scales of the MSEL.
The average inter-test interval between V1 and V2 did not differ across the three
groups, F (2, 55) = 1.30, p = .28 (overall sample M = 11.57, SD = 1.13 months).
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Table 1
Sample Characteristics (n, M and SD) at V1 and V2
Visit LR-toddlers

HR-no-ASD

HR-ASD

n

28

14

16

Males: Females

14:14

6:8

5:11

1

26.18 (2.13)

25.71 (1.94)

25.44 (1.75)

2

38.14 (2.22)

37.50 (2.18)

37.75 (2.24)

1

44-80

42-80

38-80

2

48-80

60-75

20-80

1

40-66

36-64

32-70

2

36-80

39-77

23-78

1

51-71

50-67

27-69

2

39-72

44-74

38-66

1

40-70

30-75

28-76

2

43-74

46-71

21-66

1

117.10 (10.57)

113.21 (12.84)

110.24 (16.41)

2

119.24 (10.84)

115.85 (9.66)

114.92 (19.86)

1

120.94 (9.32)

117.00 (16.17)

111.68 (19.19)

2

116.37 (13.97)

112.93 (16.25)

110.43 (17.89)

1

119.02 (9.10)

115.10 (13.37)

110.96 (15.90)

2

117.81 (10.10)

114.39 (10.59)

112.68 (17.72)

1

-

8.36 (3.78)

13.33 (4.91)

2

-

7.50 (3.08)

14.56 (4.80)

CA (months)
VR T-score range
FM T-score range
RL T-score range
EL T-score range
NVDQ
VDQ
DQ
ADOS SA+RRB

Note. CA = chronological age; VR = visual reception; FM = fine motor; RL =
receptive language; EL = expressive language; NVDQ = non-verbal developmental
quotient; VDQ = verbal developmental quotient; DQ = developmental quotient;
ADOS SA+RRB: Autism Diagnostic Observation Schedule social affect and
restricted repetitive behaviour revised algorithm total score (Gotham et al., 2007).
Standard deviations are in parentheses.
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Group Differences in Temperament
A repeated-measures MANOVA performed on the six individual
temperament factors revealed a significant main effect of Group, Wilks’ Lambda =
.59, F(12, 98) = 2.44, p = .008, with large effect size, partial η2 = .23, and a main
effect of Visit, Wilks’ Lambda = .68, F(6, 49) = 3.81, p = .003, also with large effect
size, partial η2 = .32. There was no significant interaction effect. Given the
aforementioned significant multivariate effects, the univariate analyses are reported.
For ease of reporting only significant terms are noted here (see Table 2 for M,
SD, and all ANOVA results). There was a main effect of Group for rhythmicity with
large effect size, and post-hoc analyses showed that LR-toddlers were significantly
more rhythmic than HR-ASD toddlers (p = .007). The main effect of Group for
persistence was similarly significant, with a large effect size, such that LR-toddlers
were significantly more persistent than HR-ASD toddlers (p < .001).
A significant interaction effect was found for distractibility with a large effect
size. Low-risk-toddlers’ mean distractibility scores reduced from V1 to V2 (i.e., they
became easier to distract and to soothe), whereas mean scores for both HRsubgroups increased (i.e., they became more difficult to distract and to soothe) over
this same period. There was an interaction effect for reactivity, with moderate-large
effect size, with LR-toddlers and HR-no-ASD becoming less reactive and irritable,
whereas the HR-ASD group became more reactive and irritable over time. Finally, a
main effect of Visit was found for cooperation-manageability, with a large effect size
indicating all groups became more cooperative and manageable over time. No
significant effects were found for approach.
A main effect of Group for easy/difficult temperament approached
significance (p = .054), with a moderate- to large effect size found. Given the
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theoretical importance of this construct, the substantial effect size, and the relatively
small size of the current sample, post-hoc comparisons were performed and revealed
that HR-ASD toddlers had more difficult temperament overall than LR-toddlers (p =
.049).
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Table 2
Means (SD) and ANOVAs for Temperament Factors
Main effect of Group
Temperament factor

Visit

LR-toddlers

HR-no-

HR-ASD

F

p

Partial

Coop-manage
Persistence
Rhythmicity
Distractibility
Reactivity
Easy/difficult

1

2.95 (0.82)

3.14 (0.97)

3.44 (1.15)

2

3.18 (0.86)

3.09 (1.19)

3.34 (1.47)

1

2.91 (0.62)

2.96 (1.01)

3.36 (0.54)

2

2.55 (0.84)

2.60 (1.16)

3.05 (0.90)

1

2.52 (0.63)

3.13 (0.82)

3.33 (0.73)

2

2.46 (0.50)

2.79 (0.67)

3.31 (1.11)

1

2.33 (0.65)

2.79 (0.86)

3.05 (0.88)

2

2.32 (0.74)

2.57 (1.23)

3.15 (0.94)

1

4.10 (0.57)

4.14 (0.76)

3.75 (0.89)

2

3.84 (0.62)

4.48 (0.81)

4.09 (0.71)

1

3.54 (0.59)

3.79 (0.62)

3.74 (0.53)

2

3.33 (0.57)

3.65 (0.87)

4.10 (0.72)

1

3.13 (0.44)

3.32 (0.67)

3.51 (0.42)

2

3.02 (0.52)

3.11 (0.93)

3.50 (0.72)

Note. Coop-manage. = Cooperation-manageability.
p < .05*. p < .001**. t = trend.

F

p

η2

ASD
Approach

Main effect of Visit
Partial

Interaction Effect
F

p

η2

0.59

.56

.02

0.05

2.18

.12

.08

11.66

Partial
η2

.83

.001

1.00

.37

.04

.001*

.18

0.03

.98

.001

9.16

<.001**

.25

1.70

.20

.03

0.81

.45

.03

5.17

.009*

.16

0.14

.71

.002

0.67

.52

.02

1.95

.15

.07

1.89

.18

.03

4.51

.02*

.14

4.32

.02*

.14

0.001

.97

.00

3.44

.04*

.11

3.08

.05

.10

2.54

.12

.05

0.52

.60

.02

t
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Group Differences in Mental Health
A repeated-measures MANOVA was conducted on the BASC-2 clinical
composite scales to determine whether mental health differed between Groups and
across the two Visits (See Table 3). A significant main effect was found for Group,
Wilks’ Lambda = .72, F(6, 104) = 3.16, p = .007, with a large effect size, partial η2 =
.15; and for Visit, Wilks’ Lambda = .54, F(3, 52) = 14.56, p < .001, also with a large
effect size, partial η2 = .46. However, there was no significant interaction effect. Again,
all univariate analyses are presented in Table 3, but for ease of reporting, only
significant terms are noted here.
A significant main effect of Group was found for internalising problems, with
large effect size, such that the HR-no-ASD group had higher levels of parent-reported
internalising problems than LR-toddlers (p = .01). A main effect of Visit was also found
with large effect size, with internalising problems seen to increase for all groups from
age 2- to 3-years.
The main effect of Group for externalising problems was significant, with a large
effect size observed. Both HR-no-ASD and HR-ASD subgroups had higher levels of
parent-reported externalising problems (p = .005 and p = .003, respectively) than LRtoddlers.
The proportion of children falling into the at risk and clinically significant ranges
was minimal for LR-toddlers at each visit (see Table 4). For internalising problems,
approximately one in eight HR-ASD toddlers and one in seven HR-no-ASD children
were in the clinical range at 2-years. There was an increase in the proportion of children
in the clinical range for internalising problems across all groups, however, by 3-years
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(LR-toddlers: one in ten; HR-no-ASD toddlers: one in four; HR-ASD toddlers: two in
five). At age 2-years, one in five of all high-risk toddlers had clinically significant
externalising problems. This increased slightly to one in four among HR-no-ASD
toddlers and increased sizably to more than one in two among HR-ASD toddlers by 3years of age.
For behavioural symptoms, a measure of total problems, approximately one in
five HR-no-ASD toddlers and one in three HR-ASD toddlers fell in the clinical range at
age 2-years. Whilst this proportion remained constant over time for HR-no-ASD
toddlers, an increase was seen for HR-ASD toddlers, to two in five toddlers in the
clinical range by 3-years of age.
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Table 3
Means (SD) and ANOVAs for BASC-2 Composite Scales
Main effect of Group
Scale

Visit

LR-toddlers

HR-no-ASD

HR-ASD

F

p

Partial η

EP

1

47.26 (4.60)

55.79 (10.39)

54.19 (7.45)

8.45

.001*

2

47.67 (7.10)

56.36 (13.82)

57.75 (10.72)

1

42.52 (7.00)

50.07 (9.20)

48.44 (9.04)

5.53

.007*

2

46.81 (9.32)

57.21 (16.88)

55.00 (11.86)

IP

Main effect of Visit
2

Interaction Effect
F

p

Partial η2

.04

0.90

.41

.03

.27

0.48

.62

.02

F

p

Partial η

.24

1.97

.17

.17

19.43

<.001**

2

Note. BASC-2 = Behaviour Assessment System for Children, Second Edition; EP = externalising problems; IP = internalising problems.
p < .05*. p < .001**.
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Table 4
Proportion of Toddlers in the Clinical Range across Visits per Group
Visit 1

Visit 2

n

%

n

%

LR-toddlers

0

0

1

3.7

HR-no-ASD

3

21.4

4

28.6

HR-ASD

3

18.8

9

56.3

LR-toddlers

0

0

3

11.1

HR-no-ASD

2

14.3

4

28.6

HR-ASD

2

12.5

7

43.8

LR-toddlers

0

0

0

0

HR-no-ASD

3

21.4

3

21.4

HR-ASD

5

31.3

7

43.8

Externalising Problems

Internalising Problems

Behavioural Symptoms
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Discussion
The present study investigated whether there were increased rates of parentreported temperament and mental health difficulties across toddlerhood in children at
familial high-risk for ASD compared to a chronological- and developmental-age
equivalent low-risk control group. We also sought to determine whether differences in
temperament and mental health were found generally across all toddlers at familial highrisk for ASD, or presented only among those toddlers meeting criteria for ASD at 3years of age.
Temperament
Among the current sample, we found that only high-risk toddlers with ASD
diagnoses had more difficult temperament, were more arrhythmic, and were less
persistent at each age, compared to low-risk toddlers, supporting some of our hypotheses
(we hypothesised that all high-risk toddlers would be less persistent; there was no
specific hypothesis for rhythmicity). Only high-risk toddlers with ASD became more
reactive and irritable over toddlerhood, whilst both low-risk toddlers and high-risk
toddlers without ASD were reported to become less reactive and irritable over time,
supporting our hypothesis. Both high-risk subgroups became more difficult to distract
and to soothe, whilst low-risk toddlers became easier to distract and to soothe, over
time, though all groups were reported to become more cooperative and manageable with
age.
Our finding of reduced persistence (a domain of effortful control/self regulation;
Rothbart & Bates, 2006) in high-risk toddlers with ASD compared to low-risk toddlers
is somewhat comparable to the results of Garon et al. (2009), who found higher
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emotional regulation difficulties (behaviour and attention) in high-risk toddlers
regardless of diagnostic status at 3-years. The small sample sizes in our two high-risk
outcome groups may have impacted upon our ability to detect between-group
differences between high-risk toddlers without ASD and low-risk toddlers. Garon et
al.’s finding of lower behavioural approach in high-risk toddlers who went on to be
diagnosed with ASD at 36-months (similar to the decreasing approach temperament
trajectory found by del Rosario et al., 2014) was not replicated in our sample; with no
differences between the current groups for approach.
Whilst Clifford et al. (2013) found higher negative affect (i.e., higher sadness
and shyness, lower soothability) in 24-month high-risk infants who were later diagnosed
with ASD compared to low-risk controls, we found that both high-risk subgroups were
reported to become more non-distractible and non-soothable over time, whilst low-risk
toddlers became more distractible and soothable (though the between-group differences
did not reach significance in the present study). Clifford et al. found high-risk toddlers
with ASD to be more reactive and irritable (a subdomain of negative emotionality;
Rothbart & Bates, 2006) than low-risk toddlers, which is in line with our finding that
high-risk toddlers with ASD became more reactive and irritable with time, whilst lowrisk toddlers and high-risk toddlers without ASD became less reactive and irritable.
Differences in study design and methodology may account for some of the inconsistent
findings across studies. For example, different temperament measures were used across
studies which may not be closely equivalent to each other, yielding different results
across studies. Furthermore, the present study recruited children around the second
birthday whilst Garon et al. and Clifford et al. recruited children in infancy. Recruiting
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children in infancy reduces the risk of recruitment biases as parents are less likely to
have developed concerns about their child’s development or behaviour the younger
recruitment occurs. Lastly, despite much larger sample sizes in the Clifford et al. and
Garon et al. studies, the number of high-risk toddlers who were diagnosed with ASD is
still relatively small and may impact power and comparability across studies (16 in the
current study, 17 in Clifford et al. study, 34 in Garon et al. study).
Our finding of higher reactivity/irritability in high-risk toddlers diagnosed with
ASD is consistent with the results of Bryson et al. (2007) who found a temperament
profile characterised by self-regulation difficulties, intrusion intolerance, increased
irritability and negative affect in high-risk siblings later diagnosed with ASD.
Furthermore, Zwaigenbaum et al.’s (2005) finding of decreased positive affect,
increased irritability, and displays of extreme distress at one year in high-risk infants
later diagnosed with ASD at 36-months is consistent with our finding of increasing
reactivity and irritability in high-risk toddlers with ASD.
Overall, the findings from the current study are largely consistent with previous
results of an early temperament profile characterised by increased negative emotionality,
reactivity, and irritability and reduced effortful control/self-regulation, in those high risk
toddlers who are later diagnosed with an ASD. These temperament characteristics may
help to inform the early identification of ASD in high-risk cohorts. In addition, these
temperament difficulties may serve as a risk factor for mental health difficulties.
Neither Clifford et al. (2013) nor Garon et al. (2009) included an overall
measure of difficult temperament, nor a measure of rhythmicity, limiting the direct
comparability of our results for these temperament factors to those from past research.
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However, more difficult temperament has been reported for children with ASD (Kasari
& Sigman, 1997), and the results of the present study are consistent with this finding.
The results of the present and previous studies point to the potential for temperament
differences to inform the early development and diagnosis of ASD in high-risk cohorts,
as distinct from low-risk cohorts.
Mental Health
Even as young as 2-years of age, we found high-risk toddlers with and without
ASD to be at increased risk for mental health difficulties, supporting our hypothesis that
familial risk status confers risk not only for ASD diagnostic outcome. We found that
both high-risk subgroups were at increased risk of externalising problems compared to
low-risk toddlers, however only high-risk toddlers without ASD had higher internalising
problems compared to low-risk toddlers (i.e., there was no difference here between lowrisk toddlers and high-risk toddlers with ASD, nor between high-risk subgroups, which
was contrary to our hypothesis). This latter finding should be interpreted with caution
given that the small high-risk subgroup sample sizes would have impacted the power to
detect group differences. Replication with larger samples is needed.
Whilst mean level differences are useful to consider, the proportion of children
exhibiting clinically elevated symptom levels is also useful to provide information on
the frequency with which clinically important symptoms may occur for a given group.
These proportions should be interpreted with caution due to possible recruitment biases
(explored further below) and the small sample size, especially among the subgroups of
high-risk children with and without ASD. In this sample, whilst no low-risk toddlers had
clinically elevated total problems at either visit, one in five high-risk toddlers without
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ASD fell into the clinical range at both visits, and one in three high-risk toddlers with
ASD were classified in the clinical range at age 2-years, whilst this proportion increased
to two in five by 3-years. Around one in five high-risk toddlers (regardless of ASD
diagnostic status) had clinically significant externalising problems at 2-years. This
proportion increased slightly to one in four high-risk toddlers without ASD, and
substantially to more than one in two for high-risk toddlers with ASD, at 3-years. There
were no low-risk toddlers in the clinical range at 2-years, and only one at 3-years. The
proportion for the low-risk group is lower than expected based on data from a large
Australian community sample of children screened for mental health problems (i.e., 1 in
7; Sawyer et al., 2001), and BASC-2 norms. Further, the rate of high-risk toddlers with
externalising problems and total problems in the clinical range (i.e., 1 in 5) is close to
what would be expected based on BASC-2 norms, hence this may not be elevated
compared to community samples of children. On a population level, 16% of children
should theoretically have T scores one standard deviation above the mean (i.e., T ≥ 60),
placing them in the at risk or clinically significant range, hence it is unusual that there
was only one low-risk toddler in the clinical range at the 3-year visit, which may
indicate the presence of a recruitment bias, which is discussed further below.
Nonetheless, it should be acknowledged that recruitment of a control group of children
may be a better comparison group than the normative sample (e.g., recruited from
similar geographic areas and born around the same time).
One in eight high-risk toddlers with ASD and one in seven high-risk toddlers
without ASD were in the clinical range for internalising problems at 2-years (none in the
low-risk group). Across all groups there was an increase in the proportion of children in
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the clinical range for internalising problems by 3-years (low-risk toddlers: one in ten;
high-risk toddlers without ASD: one in four; high-risk toddlers with ASD: two in five).
An increase in internalising problems with age for girls has been found in community
samples without ASD diagnoses, whilst externalising problems decrease for both
genders (Leve, Kim, & Pears, 2005). It is noteworthy that only the high-risk group with
ASD showed a substantial increase in the proportion of children in the clinical range for
internalising, externalising and total problems from age 2- to 3-years. Whilst some
increase with age in internalising problems is expected, an increase in externalising
problems is not in keeping with typical development, and is possibly explained by a
consolidation of mental health difficulties in the high-risk group with ASD alongside a
consolidation of ASD symptoms from 2- to 3-years. However, it should be noted that in
our sample there was an over-representation of girls in the high-risk group with ASD
diagnoses. Female gender may partly account for the increase in internalising problems
seen in the high-risk group with ASD by 3 years, hence this finding should be
interpreted with caution until it is replicated in more representative samples. A
substantial increase in mental health difficulties during toddlerhood may differentiate
high-risk toddlers who go on to develop ASD from those who do not.
Our results are consistent with those of Georgiades et al. (2013), who found
increased rates of internalising problems in a cohort of 3-year-old high-risk siblings
without ASD diagnoses, but presenting high traits of ASD. This may reflect a
continuum of internalising problems for those with high-ASD traits, extending to those
with clinical ASD diagnoses who are known to have significant anxiety (e.g., Gillott et
al., 2001). Results from the present study are also broadly comparable to those from
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previous research with older samples (middle childhood – adolescence) including that of
Verte et al. (2003) and Ross and Cuskelly (2006). Although these latter studies did not
differentiate between HR-siblings with and without diagnoses, Verte et al. found
increased rates of internalising, externalising, and total problems in high-risk siblings
compared to controls, whilst Ross and Cuskelly found 40% of high-risk siblings had
elevated internalising problems, and 20% had elevated externalising problems.
Our results are also broadly comparable to those of Benson and Karlof (2008)
who studied 3- to 11-year-old high-risk siblings. Although relying on parent-report and
medical records to group high-risk siblings into those with an ASD or other diagnosis
versus those without, they found an increased risk of emotional symptoms in high-risk
siblings as a group, and an increased risk of peer problems, prosocial behaviour
difficulties, conduct problems, hyperactivity, and total difficulties in high-risk siblings
with a diagnosed disorder. However, only those children who had some clinical
diagnosis of their own (mostly ASD or ADHD, based on medical records and parent
report) had elevated scores on SDQ total difficulties, conduct problems, hyperactivity,
peer problems, and prosocial behaviour scales in this previous study. This is inconsistent
with our finding of increased rates of externalising problems for high-risk siblings
regardless of diagnostic status. This discrepancy may be explained by the different age
groups sampled here and by Benson and Karlof. Externalising problems generally
decrease with age over childhood in community samples (Leve et al., 2005), which may
explain why the 3- to 11-year old high-risk siblings without diagnoses in the Benson and
Karlof study were not reported to have higher externalising problems. Despite these
discrepancies, overall, there is a consistent finding of increased risk of mental health
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difficulties in high-risk siblings, which warrants clinical attention and further replication
with larger cohorts. Longitudinal studies of high-risk cohorts are needed to extend and
replicate the findings of the small body of research completed to date.
An important strength of the present study was the inclusion of a direct
behavioural assessment, the ADOS-G, and a comprehensive developmental interview,
the ADI-R, to inform ASD-diagnosis in high-risk siblings. Most research into mental
health in high-risk siblings does not include rigorous assessment of whether the child
has a clinical diagnosis him/herself (e.g., Benson & Karlof, 2008), or fails to screen for
ASD in high-risk siblings at all (e.g., Ross & Cuskelly, 2006). Our data, and others’
(e.g., Clifford et al., 2013) have shown differential temperament and mental health
outcomes in siblings based on ascertainment of diagnostic status within the study. This
underscores the importance of assessing for ASD in high-risk sibling research in order
to determine the level of increased risk for temperament and mental health difficulties
that may be present for high-risk siblings with and without signs of ASD, and the
possible implications of co-occurring temperament and mental health difficulties for the
early development of ASD in high-risk cohorts.
Limitations and Future Directions
The findings from this study indicate that even as early as 2-years, signs of
temperament and mental health difficulties are present in a cohort of high-risk infant
siblings. This finding, however, needs replication, especially given the relatively small
sample sizes included here, and some methodological limitations.
The decision to divide the high-risk group into those with and without ASD
meant that we were able to partly account for some of the increased genetic liability for
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temperament and mental health difficulties due to the presence of an ASD diagnosis.
This also meant that we could detect any differences between high-risk toddlers who
had a diagnosis versus those who did not. However a drawback was a reduction in
power due to the small subgroup sample sizes that resulted from this approach. To
prevent inflation of the Type I error rate, it was decided a priori not to also run analyses
comparing the low-risk group to the high-risk group as a whole. However, considering
the high-risk group as a whole would have increased power and afforded more
heterogeneity in this group. It is true that many high-risk toddlers without ASD
diagnoses in our sample presented with traits of ASD not sufficient to meet diagnostic
criteria for the condition (i.e., the Broader Autism Phenotype). By considering the highrisk group as a whole, the continuous nature of ASD traits would be acknowledged.
Future studies would ideally recruit larger samples to maximise power and allow for
more exploration of the data.
One important limitation of this study lies in the possible recruitment bias,
evident from the higher than average scores on the developmental assessment for lowand high-risk toddlers, the large absence of mental health difficulties in the low-risk
group, and the higher than expected ascertainment rate of children with ASD in our
cohort of high-risk siblings (53% compared to 19% found by Ozonoff et al., 2011). The
recruitment and consent process – part of our requirements for ethics approval – may
assist in explaining this finding. Families in the high-risk group were specifically
informed that their child would undergo a developmental and ASD assessment (and a
developmental assessment for the low-risk group), and we sought consent to provide
them with feedback on their child’s development. This may have encouraged families in

TEMPERAMENT(AND(MENTAL(HEALTH(IN(HIGH.RISK(TODDLERS(

130(

the high-risk group to enrol their child in the study because they had specific concerns
about his/her social-communication development and behaviour, and so future research
should aim to recruit high-risk siblings in early infancy in order to minimise such
potential recruitment bias (as per Clifford et al., 2013; Garon et al., 2009). Whilst this
may limit the representativeness of our sample of high-risk toddlers, a positive outcome
was in the approximately equal number of high-risk toddlers with and without ASD in
our sample, allowing for comparisons to be made between these subgroups. Further, it is
possible that concerns regarding emotional and behavioural difficulties influenced
enrolment in the study. Parents in the high-risk group may have been concerned about
their toddler’s emotional and behavioural development and hence enrolled them in a
study about sibling wellbeing, inflating the rate of mental health difficulties in this
subgroup. Again, recruitment in early infancy rather than in toddlerhood would
substantially reduce the negative impact of biased sampling on the internal validity of
the study.
Another reason to question the representativeness of our sample was the fact
that, overall, the high-risk toddlers were not developmentally delayed, as would be
expected based on past research (e.g., Gamliel, Yirmiya, Jaffe, Manor, & Sigman,
2009). However, since our groups were not statistically significantly different on
developmental level, this cannot account for the group differences apparent in terms of
toddler temperament and mental health. Nonetheless, future research should aim to
recruit larger cohorts of high-risk siblings across diverse socioeconomic backgrounds, to
enhance external validity of key findings.
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Another threat to the internal validity of the study is the potential for
measurement confounding between child mental health and temperament scales. This
issue has been investigated in the literature through inspection of correlations between
child mental health and temperament measures. For example, Leve et al. (2005)
calculated correlations between temperament, measured by the Children’s Behavior
Questionnaire (CBQ; Rothbart, Ahadi, Hershey, & Fisher, 2001), and mental health,
measured by the CBCL (Achenbach, 1991). Correlations ranged from -.14 to .38
between the internalising scale and temperament scales and from -.07 to .49 between the
externalising scale and temperament scales, indicating that the scales are largely
independent. Further, another study has found that when confounding items on the CBQ
and Preschool Behavior Questionnaire (PBQ; Behar & Stringfield, 1974) were removed,
there was no impact on the relationship found between temperament and mental health
difficulties (Lemery, Essex, & Smider, 2002). These studies suggest that, although there
is some degree of overlap between mental health and temperament measures, it is not to
such a degree that measurement confounding is accounting for results found.
Another measurement consideration is the fact that both outcome measures used
in this study were parent-report. Whilst at this early developmental age, when many
children are not in routine out-of-home care and are too young to complete self-report
measures, parents are a valuable source of information, limitations of parent-report
should be acknowledged. Firstly, using two parent-report measures can introduce the
problem of shared method variance which may inflate associations between key
variables. A further issue with parent-report is that characteristics of the parents
themselves may impact their perception of their child’s behaviour. For example, parents
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in the high-risk group, due to already having a child with ASD, may closely monitor the
behaviour of their other children and over-report difficulties. Conversely, parents may
compare the behaviour of their child with ASD to their other child and under-report
difficulties as the behaviour of their child who does not have ASD appears within
normal limits in comparison. These are important issues which have not yet been
explored empirically and require careful consideration in high-risk sibling research.
Despite the abovementioned limitations, there is a paucity of longitudinal
research in the area of temperament and mental health for children at high-risk for ASD,
and this study adds to this area of research. More longitudinal studies are required to
identify whether developmental periods of particularly heightened risk exist for this
population, and whether early-presenting difficulties are likely to persist. Ideally these
studies would aim to identify predictor variables of temperament and mental health
difficulties in this population so that intervention targets (e.g., parenting practices) can
be properly identified. Furthermore, future research should aim to measure temperament
and mental health variables via direct observation, as well as collecting data from
multiple informants (e.g., day care and preschool staff), to verify parent-report data and
reduce shared-method variance.
Conclusion
This is the first paper, to our knowledge, to investigate both temperament and
mental health difficulties in a cohort of high-risk siblings. Our research suggests that
toddler-aged siblings of children with ASD may be at increased risk for more than ASD
and other developmental/language difficulties, but also for temperament and mental
health difficulties. Increased risk for mental health difficulties appears to present
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regardless of whether the child is also showing signs of a developing ASD. However, a
consolidation of mental health problems from 2- to 3-years of age appears to be
associated with an outcome diagnosis of ASD among high-risk toddlers. Difficult
temperament, arrhythmicity, reduced persistence, and an increase in reactivity and
irritability over time were also associated with a diagnosis of ASD. Identifying possible
high-risk groups for developing mental health difficulties is important so that prevention
and early intervention strategies can be employed, with the aim of preventing early
difficulties persisting into later life, and consequently becoming more entrenched.
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Appendix
Table A1
Norms and Interpretation of STST Scores
Factor

M (SD)

Lower scores

Higher scores

Approach

3.17 (1.18)

Approaching

Withdrawing

Cooperation-manageability

3.09 (0.92)

Cooperative, manageable

Uncooperative, unmanageable

Persistence

2.90 (0.80)

Persistent

Not persistent

Rhythmicity

2.92 (0.94)

Rhythmic

Arrhythmic

Distractibility

4.01 (0.75)

Distractible, soothable

Non-distractible, non-soothable

Reactivity

3.50 (0.70)

Not reactive or irritable

Highly reactive and irritable

Easy/difficult

3.32 (0.62)

Easy temperament

Difficult temperament

Note. Data is from the Short Temperament Scale for Toddlers (STST; unpublished scale), a shortened Australian adaptation
of the Toddler Temperament Scale (Fullard et al., 1978).
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Abstract
This study investigated temperament as a predictor of mental health, concurrently at
2-years of age and longitudinally to 3-years of age, among 30 toddlers at familial
high-risk for Autism Spectrum Disorders (ASD) and 28 low-risk controls. All
children underwent a developmental assessment at 2- and 3-years of age, with highrisk toddlers’ ASD diagnostic status confirmed at 3-years. Parents completed the
Short Temperament Scale for Toddlers and the Behaviour Assessment System for
Children. Hierarchical multiple regression analyses showed that more difficult early
temperament predicted higher concurrent internalising problems, but not greater
externalising problems, at 2-years. Risk status predicted higher mental health
difficulties in high- compared to low-risk toddlers, though ASD diagnostic outcome
among high-risk toddlers did not confer additional risk. Longitudinal analyses
showed that baseline mental health difficulties were the most robust longitudinal
predictor of mental health difficulties at 3-years, with risk status and diagnostic
outcome contributing no additional risk. More difficult temperament predicted
higher internalising problems, but was not a clinically important longitudinal
predictor of externalising problems. Temperament appears to be an important
concurrent and longitudinal risk factor for mental health problems, not only in
typically developing toddlers, but also for those at familial high-risk of ASD.
Keywords: temperament, mental health, internalising problems, externalising
problems, Autism Spectrum Disorders, high-risk siblings
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Temperament as a Predictor of Mental Health among Toddlers at Familial High- and
Low-Risk for Autism Spectrum Disorders
Recent evidence suggests that the younger siblings of children with Autism
Spectrum Disorders (ASD) may be at increased risk for temperament and mental
health difficulties (e.g., Clifford et al., 2013; Verte, Roeyers, & Buysse, 2003), as
well as developing ASD and other related developmental and language disorders
(e.g., Drumm & Brian, 2013; Ozonoff et al., 2011). Autism Spectrum Disorders are a
cluster of neurodevelopmental conditions characterised by deficits in socialcommunication skills and the presence of intense interests and repetitive behaviours
(American Psychiatric Association [APA], 2013). Once considered relatively rare,
ASD is now estimated to affect at least 1% of the population (Baird et al., 2006;
Centers for Disease Control and Prevention, 2014), providing strong imperative for
examining the impact of this condition on all family members.
Temperament and mental health are important aspects of children’s
development. Temperament, considered to be primarily biologically determined, is
defined as a child’s behavioural style (Thomas & Chess, 1977; Thomas, Chess, &
Birch, 1968) and is a predictor of mental health in both typically-developing children
(Prior, Sanson, Smart, & Oberklaid, 2000) and children with ASD (Schwartz et al.,
2009). In the context of typical child development, toddler temperament predicts
behaviour problems through to middle childhood (Guerin, Gottfried, & Thomas,
1997). In addition, large longitudinal studies using general population samples have
shown temperament dimensions such as reactivity and persistence to be risk factors
for later externalising problems (Smart & Sanson, 2005).
Arguably, extremes of temperament dimensions can be seen as part of the
behavioural phenotypes of some mental disorders (e.g., withdrawal behaviours in

&

PREDICTORS&OF&TODDLER&MENTAL&HEALTH&

150&

depression). Furthermore, research with patients with bipolar-I disorder has
identified the presence of different temperamental subtypes (e.g., a subtype with
emotional intensity, hyperactivity and high energy levels; Perugi et al., 2012), and
observations such as these raise the question of whether temperament and mental
health may belong to a common spectrum. The concepts of temperament and mental
health are therefore theoretically related, underscoring the importance of
investigating these constructs concurrently.
Whilst the early developmental profile of temperament in siblings of children
with ASD (hereafter, high-risk siblings) has been previously investigated in relation
to ASD symptomatology (e.g., Clifford et al., 2013; del Rosario, Gillespie-Lynch,
Johnson, Sigman, & Hutman, 2014; Garon et al., 2009), and while mental health in
high-risk siblings has been investigated in its own right focusing on group
differences (e.g., Verte et al., 2003), individual variability in temperament and
mental health have not previously been studied in high-risk cohorts. Hence, the aim
of this study was to investigate the predictive value of temperament for mental health
in children at familial high-risk for ASD across toddlerhood.
Temperament and Mental Health in the Context of ASD
Children at familial high-risk for ASD have previously been shown to be at
increased risk of temperamental and mental health difficulties. Focusing on group
differences, prospective studies of high-risk siblings during the early childhood years
have shown that high-risk toddlers, regardless of own ASD diagnostic status, are
reported by their parents to have higher temperamental negative affect, poorer
emotional regulation ability, and lower surgency than low-risk controls (Clifford et
al., 2013; Garon et al., 2009). Further, studies have found that high-risk toddlers who
meet criteria for ASD at 36-months of age can be differentiated from high-risk
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toddlers without ASD diagnoses and from low-risk control toddlers by an early
temperament profile characterised by passivity and lower behavioural approach,
activity levels and positive affect, and the presence of distress reactions and object
fixation (Garon et al., 2009; Zwaigenbaum et al., 2005).
Ross and Cuskelly (2006) found that 40% of typically developing siblings of
children with ASD aged 8- to 15-years of age had clinical levels of parent-reported
internalising problems, whilst 20% also fell in the clinical range for externalising
problems. Verte et al. (2003) reported higher levels of parent-reported internalising,
externalising and total problem behaviours in 6- to 16-year-old high-risk siblings
compared to low-risk controls, although only 10% were found to fall in the clinical
range. Siblings were not screened for developmental difficulties or other diagnoses
through these two studies. Benson and Karlof (2008) found that in 3- to 11-year-old
high-risk siblings, only those with a diagnosis themselves (the majority of whom had
ASD or Attention-Deficit/Hyperactivity Disorder) had increased parent-reported
hyperactivity, conduct problems, social problems, and total problem behaviours
compared to low-risk controls. One exception was found, however, with all high-risk
toddlers found to be at increased risk for emotional symptoms, compared to low-risk
controls. Other studies have reported that siblings of children with ASD are not at
increased risk for mental health problems compared to siblings of children with
Down syndrome and typical development (Kaminsky & Dewey, 2002) and
compared to normative data (Dempsey, Llorens, Brewton, Mulchandani, & GoinKochel, 2012). These studies highlight that siblings of children with ASD may be at
increased risk for mental health difficulties. However, the impact of siblings’ own
diagnoses should be taken into account.
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The aforementioned studies show that group differences in temperament and
mental health exist for children at familial high-risk for ASD compared to their
typically developing counterparts. Whilst temperament has been shown to be a
robust longitudinal predictor of mental health difficulties in typically developing
samples, and while few studies have shown that this finding generalises to children
with diagnosed ASD, no studies have yet investigated this issue in high-risk siblings.
As already noted, previous research has found that temperament is associated
with mental health difficulties in children with ASD. Schwartz et al. (2009)
investigated individual differences in temperament and mental health in a crosssectional study of 8- 16-year-old children with High Functioning Autism compared
to controls. After controlling for diagnostic group, higher temperamental surgency
was found to predict lower internalising problems, and higher effortful control to
predict lower externalising problems. De Pauw, Mervielde, Van Leeuwen, and De
Clercq (2011) investigated temperament and mental health in a cohort of 6- to 14year-old children with ASD compared to a community sample of children without
any such diagnoses. Children with ASD were found to be differentiated from
comparison children by higher negative affect, lower surgency and effortful control,
and higher internalising and externalising problems. Subsequent analyses firstly
separated children with ASD into two groups; those scoring above the criterion score
of 15 on the Social Communication Questionnaire (SCQ; Rutter, Bailey, & Lord,
2003), and those scoring below this threshold. Children with high SCQ scores had
higher negative affect, lower surgency and extraversion, and higher internalising
problems than low scoring children. The absence of Group by Temperament
interaction effects on mental health indicated that associations between temperament
and mental health present for children regardless of ASD diagnostic status and De
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Pauw et al. argue that children with ASD differ quantitatively, but not qualitatively
on temperament and mental health variables.
Aims and Hypotheses
To date no study has, to our knowledge, investigated temperament as a
predictor of mental health amongst a familial high-risk sibling sample, in
toddlerhood. Our previous work found that increased mental health difficulties and
differences in temperament present among high-risk toddlers compared to low-risk
controls (Crea, Dissanayake, & Hudry, submitted). The objective of the current study
was to add to the existing evidence base by conducting a longitudinal investigation
into the predictive value of temperament for mental health among high-risk siblings
during a specific developmental stage; toddlerhood. It was hypothesised that
temperament at 2-years of age would be a concurrent and longitudinal predictor of
mental health difficulties in both toddlers at high-risk for ASD, and low-risk
controls. It was hypothesised that high-risk (compared to low-risk) status might
confer increased risk for mental health difficulties when temperament was held
constant. Lastly, it was hypothesised that ASD diagnostic status among high-risk
toddlers (compared to those at high-risk without own ASD diagnostic outcome)
might also confer additional risk for mental health difficulties, when temperament
was held constant.
Method
Participants and Procedure
Ethics approval was provided by the La Trobe University Human Ethics
Committee (Ref #11-074). Parents provided written informed consent, and then
participated with their child in two testing sessions approximately 12-months apart;
Visit 1 (V1) around toddlers’ second birthdays, and Visit 2 (V2) around their third
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birthdays. Probands of HR-toddlers were seen at a separate visit to verify their ASD
diagnosis.
Children were recruited from community child-care centres and playgroups,
local health professionals, posters, e-newsletters, word-of-mouth, and early
intervention centres attended by probands in the case of HR-toddlers. Low-risktoddlers had no known cases of ASD in first- or second-degree relatives, and had
older biological sibling/s without ASD or other known developmental disorders, as
reported by parents. All HR-toddlers had at least one older sibling with a
community-based DSM-IV-TR clinical diagnosis of ASD (including Autistic
Disorder, Asperger’s Disorder, and Pervasive Developmental Disorder Not
Otherwise Specified [PDD-NOS]).
Participants were 31 toddlers at familial high-risk for ASD (HR-toddlers) and
31 low-risk controls followed longitudinally from 2- to 3-years of age. Three LRand one HR-toddler were lost to follow-up (6.45%), and one family in the LR-group
did not return V2 questionnaires. The current paper reports on only those children
seen at both visits (i.e., 30 HR- and 28 LR-toddlers).
Measures
Parents completed a demographic questionnaire comprising questions about
family composition, parental education, and family income. An index of
socioeconomic status (SES) was calculated by first expressing maternal and paternal
education and family income as Z scores, then averaging these scores for each
participant. When only two data points were available (i.e., family income missing,
single parent family; three cases), SES was calculated as the mean of the two
available Z scores. Child characterisation measures are described below, followed by
measures used for key dependent variables (DV).
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Mullen Scales of Early Learning, AGS Edition (MSEL; Mullen, 1995).
All toddlers were assessed with the MSEL at V1 and V2. The MSEL is a
standardised, individually administered developmental assessment suitable for use
with children aged from birth to 68-months. Scores are calculated as standardised T
scores (M = 50, SD = 10) on four cognitive (visual reception, fine motor, receptive
language and expressive language) and one motor scale (gross motor). The MSEL
has excellent psychometric properties (Mullen, 1995). Developmental quotients
(DQ) were calculated, including verbal (expressive and receptive language
subscales; VDQ), non-verbal (visual reception and fine motor subscales; NVDQ),
and an overall DQ. The appropriate age equivalent (AE) scores were averaged and
expressed as a function of CA to calculate DQs.
Social Communication Questionnaire (SCQ; Rutter, Bailey, et al., 2003).
The SCQ was used to screen for ASD in older siblings of LR-toddlers (TDprobands) at V1 and LR-toddlers at V2. This is a 40-item yes/no parent-report ASD
screening instrument developed for use with children aged over 4-years, but useable
with children under 4-years of age, providing their mental age exceeds 2-years
(Rosenberg et al., 2009; Rutter, Bailey, et al., 2003). The criterion score for ASD is
15 and the SCQ demonstrates robust psychometric properties (Rutter, Bailey, et al.,
2003).
Autism Diagnostic Observation Schedule-Generic (ADOS-G; Lord et al.,
2000). The ADOS-G was used to assess for symptoms of ASD in HR-toddlers at V1
and V2, and to confirm ASD diagnoses in ASD-probands. It is a play-based, semistructured assessment of autism symptomatology (i.e., social skills, communication,
play skills, and imagination/creativity), suitable for use with individuals across the
lifespan in whom ASD is suspected. The ADOS-G has sound psychometric
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properties (Lord, Rutter, DiLavore, & Risi, 2002) and the revised diagnostic
algorithm score totals (social affect plus restricted repetitive behaviour [SA + RRB])
were computed and included in analyses (Gotham, Risi, Pickles, & Lord, 2007). The
ADOS-G was administered and scored by/under the close supervision of research
reliable coders.
Autism Diagnostic Interview-Revised (ADI-R; Rutter, Le Couteur, &
Lord, 2003). The ADI-R was used at V2 with parents of HR-toddlers to assess ASD
symptomatology. It is a comprehensive developmental interview comprising 93
structured items conducted with parents/caregivers of individuals suspected of
having autism or a PDD. Scores are summarised into three core domains (reciprocal
social interaction, communication, and restricted, repetitive, and stereotyped
behaviours) and there is also a scale that assesses age of symptom onset. The
diagnostic algorithm provides a cutoff for Autistic Disorder (totals must exceed the
cutoff for each of the three domains, and also meet onset criteria) and together with
the ADOS-G, the ADI-R is considered to provide a gold standard assessment for
ASD (Ozonoff, Goodlin-Jones, & Solomon, 2005).
A psychologist expert in the assessment and diagnosis of early ASD
reviewed all data collected at V1 and V2 to arrive at a clinical best estimate
diagnosis of ASD (including Autistic Disorder, Asperger’s Disorder, and PDDNOS) according to DSM-IV-TR (APA, 2000) criteria. High-risk toddlers were then
categorised into one of two outcome groups: those who met criteria for an ASD
(hereafter, HR-ASD; n = 16; 53% of the HR group) and those who did not (hereafter
HR-no-ASD; n = 14, 47%). The case rate in this study is higher than usually reported
in HR-sibling studies (i.e., approximately 19%; Ozonoff et al., 2011), and likely
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represents a recruitment bias given that recruitment occurred around 24-months of
age rather than in early infancy. This limitation is explored in the Discussion.
All HR-probands met ADOS-G cutoff for autism spectrum or autism
confirming their ASD diagnoses (SA + RRB Total M = 14.86, SD = 3.69, range =
10-25). Furthermore, all older siblings of LR-toddlers scored below the ASD cutoff
on the SCQ (M = 2.58, SD = 1.84, range = 0-8), as did all LR-toddlers at V2 (M =
3.81, SD = 1.69, range = 0-7).
Temperament and Mental Health Measures
Short Temperament Scale for Toddlers (STST). The STST is a parentreport temperament scale for 1- to 3-year-olds. It is a shortened, 30-item Australian
adaptation of the 97-item Toddler Temperament Scale (Fullard, McDevitt, & Carey,
1978), shown to be valid and reliable in its original (Fullard, McDevitt, & Carey,
1984), and shortened formats (Sewell, Oberklaid, Prior, Sanson, & Kyrios, 1988).
Items are summarised into six factors (approach, cooperation-manageability,
persistence, rhythmicity, distractibility, reactivity), and an overall measure of
easy/difficult temperament is calculated by averaging the approach, cooperationmanageability, and reactivity items. Higher scores are indicative of more difficulties.
Test-retest reliability over a 3.5 week period is satisfactory at 0.86. Internal
reliability is also satisfactory (approach, α = .84; cooperation-manageability, α = .65;
rhythmicity, α = .58; persistence, α = .65; distractibility, α = .55, and reactivity, α =
.64; Prior et al., 1989; Sanson et al., 2009). Local norms and a guide to score
interpretation are provided in Appendix A, Table A1.
Behavior Assessment System for Children, Second Edition (BASC-2).
The BASC-2 Parent Rating Scales–Preschool (2- to 5-year-olds; Reynolds &
Kamphaus, 2004), is a 134-item parent-report measure of adaptive and problem
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behaviours. There are four composite scales (i.e., adaptive skills, externalising
problems, internalising problems, and an overall behavioural symptoms index), eight
individual clinical scales (e.g., anxiety, hyperactivity), and four individual adaptive
scales (e.g., adaptability). The composite scales have good internal consistency
across Preschool, Child, and Adolescent forms (range = 0.85-0.95) and test-retest
reliability (range = 0.81-0.86), as do the subscales (internal consistency range =
0.70-0.88; test-retest reliability range = 0.72-0.85). The BASC-2 also shows good
convergent validity with the Child Behavior Checklist (CBCL; Achenbach, 1991),
with comparable composite scales being highly positively correlated (with the
exception of some moderately positively correlated internalising scales). Scale
scores are expressed as standardised T scores (M = 50, SD = 10). The clinical range
was defined as a score ≥ 1 SD above the mean (i.e., “at risk” or “clinically
significant” range; T ≥ 60).
Analysis Plan
Hierarchical multiple regression analyses were used to explore the predictive
value of 2-year-old temperament scores for toddler mental health, both concurrently
at 2-years, and longitudinally to 3-years (and controlling for relevant V1 variables).
The BASC-2 internalising and externalising clinical composites were the DVs.
Initial correlational analyses were conducted between V1 temperament and
demographic variables, and V1 and V2 mental health variables (see Appendix B,
Table B1). Variables explaining more than 10% of the variance (r ≥ ±.33) in mental
health were identified as potential predictors. In the longitudinal analyses, V1 mental
health scores were entered at step 1 to control for baseline mental health difficulties.
In both concurrent and longitudinal models, other relevant V1 demographic variables
(i.e., DQs and SES) were entered in descending order of importance, where
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appropriate. Tabachnick and Fidell (2013) recommend a sample size to predictor
ratio of 15:1, hence a maximum of four predictors was entered for any regression
analysis conducted. Given these constraints and to prevent singularity, the
global/composite easy/difficult temperament scale was entered as the predictor of
each mental health variable at the last step since it and/or its factors were related to
all DVs of interest. Diagnostic group status (dummy coded) was trialled as a
potential predictor. However, it was only found to carry significant value for the
cross-sectional analyses and was therefore entered at step 1 for the cross-sectional
analyses, but omitted from the prospective models to minimise number of predictors
entered.
Results
Preliminary Data Checks
Data were checked for missing values, outlier scores, and assumptions
pertinent to conducting regression analyses, with no serious violations identified.
Univariate outliers were adjusted by assigning a value one unit higher or lower than
the next highest or lowest value, respectively in the dataset, as advised by
Tabachnick and Fidell (2013). No multivariate outliers were identified.
Very low levels of missing data were found for the key variables of interest
(< 2% of item responses); STST and BASC-2. Hence, scale scores could be
generated for each child. There was a higher level of missing date for the MSEL
(11.7% of cells), due to factors such as child non-compliance, illness, and shyness.
Missing data was imputed using the expectation-maximisation method (Tabachnick
& Fidell, 2013), and analyses were performed both with and without imputation,
with no undue effect apparent on the results.
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Table 1 presents key demographic data. One-way ANOVAs showed that the
three toddler outcome groups (LR-toddlers, HR-no-ASD, HR-ASD) were not
statistically significantly different at V1 on chronological age (CA), F (2, 55) = 0.76,
p = .47; NVDQ, F (2, 55) = 1.50, p = .23; VDQ, F (2, 55) = 2.14, p = .13; and DQ, F
(2, 55) = 2.21, p = .12. They were also not statistically significantly different at V2
on CA, F (2, 55) = 0.43, p = .65; NVDQ, F (2, 55) = 0.60, p = .55; VDQ, F (2, 55) =
0.77, p = .47; and DQ, F (2, 55) = 0.90, p = .41. The average inter-test interval
between V1 and V2 did not differ across the three toddler groups, F (2, 55) = 1.30, p
= .28 (overall sample M = 11.57, SD = 1.13 months). Families were not statistically
significantly different on SES across the three toddler groups, F (2, 55) = 2.32, p =
.11.
At V1, there was one child who had an expressive language delay in the HRno-ASD group, whilst in the HR-ASD group there was one child classified as at risk
for a fine motor delay, one child with a receptive language delay, one child at risk
for an expressive language delay, and one child with an expressive language delay.
At V2, in the HR-ASD group there was one child who had a visual reception delay,
one child at risk for a fine motor delay, one child who had a fine motor delay, and
two children with an expressive language delay. All children in the LR-group at V1
and V2, and all HR-no-ASD toddlers at V2 were within normal limits on the four
cognitive scales of the MSEL.
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Table 1
Sample Characteristics (n, M and SD) across Visits
Visit LR-toddlers

HR-no-ASD

HR-ASD

n

28

14

16

Males: Females

14:14

6:8

5:11

1

26.18 (2.13)

25.71 (1.94)

25.44 (1.75)

2

38.14 (2.22)

37.50 (2.18)

37.75 (2.24)

1

44-80

42-80

38-80

2

48-80

60-75

20-80

1

40-66

36-64

32-70

2

36-80

39-77

23-78

1

51-71

50-67

27-69

2

39-72

44-74

38-66

1

40-70

30-75

28-76

2

43-74

46-71

21-66

1

117.10 (10.57)

113.21 (12.84)

110.24 (16.41)

2

119.24 (10.84)

115.85 (9.66)

114.92 (19.86)

1

120.94 (9.32)

117.00 (16.17)

111.68 (19.19)

2

116.37 (13.97)

112.93 (16.25)

110.43 (17.89)

1

119.02 (9.10)

115.10 (13.37)

110.96 (15.90)

2

117.81 (10.10)

114.39 (10.59)

112.68 (17.72)

1

-

8.36 (3.78)

13.33 (4.91)

2

-

7.50 (3.08)

14.56 (4.80)

CA (months)
VR T-score range
FM T-score range
RL T-score range
EL T-score range
NVDQ
VDQ
DQ
ADOS SA+RRB

Note. CA = chronological age; VR = visual reception; FM = fine motor; RL =
receptive language; EL = expressive language; NVDQ = non-verbal developmental
quotient; VDQ = verbal developmental quotient; DQ = developmental quotient;
ADOS SA+RRB: Autism Diagnostic Observation Schedule social affect and
restricted repetitive behaviour revised algorithm total score (Gotham et al., 2007).
Standard deviations are in parentheses.
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Temperament as a Concurrent Predictor of Mental Health
Hierarchical multiple regression analyses was performed to test whether 2year-old temperament was a predictor of concurrent mental health difficulties
(controlling for relevant V1 variables).
The degree to which V1 easy/difficult temperament predicted V1
externalising problems was tested. Overall the model explained 26.5% of the
variance, F(3, 54) = 6.50, p = .001. Diagnostic outcome group (dummy coded) was
entered at step 1, accounting for 23.7% of the variance. Holding easy/difficult
temperament constant, LR-toddlers had lower levels of externalising problems than
HR-toddlers, and the contrast between HR-no-ASD and HR-ASD toddlers failed to
reach significance. Easy/difficult temperament was not an important final predictor
of externalising problems, explaining only a further 2.8% of the unique variance (p =
ns; see Table 2). High-risk status predicted higher externalising problems at 2-years
of age.
The degree to which V1 easy/difficult temperament predicted V1
internalising problems was tested and overall, the model explained 23.6% total
variance, F(3, 54) = 5.57, p = .002. Diagnostic outcome group (dummy coded) was
entered at step 1, accounting for 14.6% of the variance. Holding easy/difficult
temperament constant, LR-toddlers had lower levels of internalising problems than
HR-toddlers but the contrast between HR-no-ASD and HR-ASD toddlers was not
significant. Easy/difficult temperament was found to be an important final predictor
of internalising problems, explaining a further 9.0% of the unique variance (see
Table 2). High-risk status and a more difficult temperament were predictive of
higher levels of 2-year-old internalising problems.
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Table 2
Concurrent Predictors of Mental Health Difficulties at age 2-years
V1 Predictors of Externalising problems

β

t

Step 1
Group: LR- vs. HR-toddler

-.49

-4.11**

Group: HR-no-ASD vs. HR-ASD

.07

0.61

Step 2
Group: LR- vs. HR-toddler

-.44

-3.58*

Group: HR-no-ASD vs. HR-ASD

.10

0.82

Easy/difficult temperament

.18

1.44

β

t

V1 Predictors of Internalising problems
Step 1
Group: LR- vs. HR-toddler

-.38

-3.04*

Group: HR-no-ASD vs. HR-ASD

.07

0.55

Step 2
Group: LR- vs. HR-toddler

-.29

-2.35*

Group: HR-no-ASD vs. HR-ASD

.11

0.92

Easy/difficult temperament

.32

2.53*

Note. *p < .05. **p < .001.

&

ΔR2

F change

.24

8.55*

.03

2.07

ΔR2

F change

.15

4.70*

.09

6.40*
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Temperament as a Prospective Predictor of Mental Health
Hierarchical multiple regression analyses were performed to test whether 2year-old temperament was a predictor of 3-year-old mental health difficulties
(controlling for relevant V1 variables).
The degree to which V1 easy/difficult temperament predicted V2
externalising problems was tested first with the overall model providing a good fit to
the data, explaining 63.2% of the total variance, F(4, 52) = 22.36, p < .001. V1
toddler externalising problems was entered at step 1 to control for the baseline level
of this same measure, accounting for 49.7% of the variance. SES and VDQ were
associated with V2 externalising problems, and so were also entered. At step 2, SES
explained a further 5.3% of the variance, and at step 3 VDQ explained 2.8% unique
variance (p = ns). Easy/difficult temperament was an important final predictor of
externalising problems, explaining a further 5.3% of the unique variance at step 4,
after controlling for the aforementioned variables (see Table 3). Higher externalising
problems and a more difficult temperament at baseline prospectively predicted
higher externalising problems at 3-years of age.
The degree to which V1 easy/difficult temperament predicted V2
internalising problems was then tested. Overall, the model provided a good fit to the
data, with 54.8% of the total variance explained, F(2, 54) = 32.73, p < .001. V1
toddler internalising problems was entered at step 1 to control for the baseline level
of this same measure, accounting for 42.5% of the variance. At step 2, easy/difficult
temperament was an important predictor, explaining 12.3% of the unique variance (p
< .001) in toddler V2 internalising problems after controlling for baseline
internalising problems (see Table 3). Higher internalising problems and a more
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Table 3
Longitudinal Predictors of Mental Health Difficulties at age 3-years
V1 Predictors of V2 Externalising problems

β

t

Step 1
Externalising problems

.71

Externalising problems

.63

6.47**

SES

-.24

-2.52*

Step 3
Externalising problems

.60

6.12**

SES

-.18

-1.80

VDQ

-.19

-1.89

Step 4
Externalising problems

.54

5.82**

SES

-.13

-1.36

VDQ

-.17

-1.86

Easy/difficult temperament

.25

2.75*

β

t

Step 1
Internalising problems

.65

F change

.50

54.42**

.05

6.37*

.03

3.58

.05

7.57*

ΔR2

F change

.43

40.60**

.12

14.73**

7.38**

Step 2

V1 Predictors of V2 Internalising problems

ΔR2

6.37**

Step 2
Internalising problems

.51

5.10**

Easy/difficult temperament

.38

3.84**

Note. SES = socioeconomic status; VDQ = verbal developmental quotient.
*p < .05. **p < .001.
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Discussion
This study investigated associations between temperament and mental health
in siblings at familial high-risk for ASD, concurrently at age 2-years and
longitudinally from 2- to 3-years. The principal aim was to determine whether
temperament contributed unique predictive value for mental health difficulties at
each of these toddler ages.
Temperament as a Predictor of Mental Health
Analyses on data collected concurrently at age 2-years showed that, after
taking into account diagnostic group assignment and relevant demographic variables,
easy/difficult temperament was predictive of internalising problems (explaining 9%
of variance), but not of externalising problems, partly supporting our hypothesis.
Toddlers with more difficult early temperament had greater internalising problems at
2-years of age. These results are somewhat consistent with the findings of Schwartz
et al. (2009) who found, after controlling for group membership, that temperament
predicted both concurrent internalising and externalising problems among children
with ASD and controls aged 8- to 16-years.
Easy/difficult temperament was a unique prospective predictor of mental
health difficulties at 3-years after controlling for relevant demographic variables,
supporting our hypothesis. Easy/difficult temperament explained 3% unique variance
in externalising problems and 12% unique variance in internalising problems.
Indeed, baseline mental health difficulties (but not outcome ASD diagnostic status)
was the most robust predictor of mental health difficulties at 3-years, explaining the
majority of the variance in mental health problems, partially supporting our
hypothesis. This is consistent with previous research with cohorts of both typically
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developing children and children with ASD showing stability of mental health
difficulties over time (e.g., Lavigne et al., 1998; Simonoff et al., 2013).
Temperament appears to be a clinically important prospective predictor of
internalising problems, but not of externalising problems, partially supporting our
hypothesis. It is possible that other variables that were not measured in this study,
such as child attachment or parent harsh disciplinary practices, might explain more
of the variance in mental health difficulties reported by parents at age 3-years, than
temperament. Indeed, preschool children and older children with and without ASD
have been found not to differ on attachment (e.g., Chandler & Dissanayake, 2013),
and both attachment and harsh disciplinary practices are well known to be associated
with child mental health outcomes (e.g., Brenner & Fox, 1998; Brumariu & Kerns,
2010). Further, another unmeasured variable, such as the behaviour problems of the
proband with ASD, could be contributing to the expression of toddler externalising
problems. Proband behaviour problems have been shown to predict sibling mental
health problems in some studies (e.g., Hastings, 2007), but not others (e.g., Hastings,
2003), highlighting the importance of further enquiry in this area.
Limitations and Future Directions
An important limitation of the present study is the representativeness of the
sample. A recruitment bias was highly likely given the high ascertainment rate of
ASD diagnostic outcome in our cohort of high-risk siblings (approximately 50%),
which is not in keeping with current estimates from other, larger cohorts (i.e., around
20%; Ozonoff et al., 2011). Given that recruitment occurred around 24-months of
age, this may have encouraged parents who had concerns about their young child’s
development to enrol in the study, consequently inflating the case ascertainment rate
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for ASD in this high-risk sample. Future studies should aim to recruit high-risk
toddlers as close to birth as possible to ameliorate this bias.
Although a 12-month follow-up period may seem short compared with the
periods spanned by some other longitudinal studies, early childhood is a period of
rapid social, emotional, and cognitive development. Indeed, some studies of highrisk infant siblings collect data in 6-monthly increments given the rapid nature of
development that is taking place (Bolton, Golding, Emond, & Steer, 2012).
Moreover, this is the first study to our knowledge to conduct a prospective,
longitudinal investigation of the early development of both temperament and mental
health in a high-risk sibling cohort, making the case for disseminating the results of
this comparatively short longitudinal study to pave the way for more long-term
follow-up studies in the future.
We controlled for baseline mental health difficulties in the longitudinal
analyses in order to determine whether temperament and other variables (e.g., SES)
contributed to the prediction of 3-year-old mental health difficulties after controlling
for the level of mental health difficulty present at 2-years. Whilst mental health
difficulties do show stability over time, initial exploration of the data showed that 2year and 3-year mental health variables were not so highly correlated as to suggest a
problem with collinearity. Further, in longitudinal studies which seek to identify
predictors of an outcome measure, it is prudent to control for the baseline measure of
that outcome variable if such data is available. This will allow some analysis of what
factors are associated with change over time in the outcome variable.
Measurement confounding may be an issue where there is some overlap
between constructs measured, such as child mental health and temperament.
Independence of child mental health and temperament measures has been
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investigated by Leve et al. (2005) who calculated correlations between a measure of
mental health (CBCL; Achenbach, 1991) and temperament (Children’s Behavior
Questionnaire [CBQ]; Rothbart, Ahadi, Hershey, & Fisher, 2001). Correlations were
low between both the internalising scale and temperament scales (range = -.14 to
.38) and between the externalising scale and temperament scales (range = -.07 to
.49), indicating that the scales are largely independent. Utilising a different approach,
another study has found that when confounding items identified through two
different methods (expert opinion and factor analysis) on the CBQ and Preschool
Behavior Questionnaire (PBQ; Behar & Stringfield, 1974) were removed, there was
no impact on the relationship found between temperament and mental health
difficulties. This suggests that despite some overlap between temperament and
mental health measures, measurement confounding cannot completely explain the
consistent relationship between temperament and mental health found across studies.
This study used two parent-report measures of child temperament and mental
health which may have accounted for a degree of shared method variance. However,
given the predictive value of temperament for mental health found in both the
concurrent and prospective analyses, shared method variance is unlikely to
completely explain the results obtained here. However, future studies should aim to
employ multiple informants across different settings (e.g., home, day care, school),
and employ direct observational measures where possible to further validate
findings. At this early stage of development, when many children are not yet in
routine care, the parent is considered the person most knowledgeable about the
child’s behaviour.
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Conclusions
Toddlers at familial high-risk for ASD may also be at increased risk for
temperamental and mental health difficulties alongside ASD and other
developmental/language impairments. Identifying predictors of mental health
difficulties is crucial so that prevention and early intervention strategies can be
employed to support children’s mental health. The current study found that more
difficult early temperament predicted greater concurrent internalising problems, but
not greater externalising problems, at 2-years of age. When easy/difficult
temperament was controlled for, high-risk toddlers had higher levels of mental
health problems than low-risk toddlers, but there was no difference between highrisk toddlers with and without ASD. The most robust prospective predictor of mental
health difficulties at 3-years of age was the presence of mental health difficulties one
year earlier. More difficult temperament predicted higher internalising problems, but
was not a clinically important predictor of externalising problems. Clinicians should
therefore enquire about the mental health of toddlers at familial high-risk for ASD,
regardless of whether or not these siblings appear also to be showing signs of ASD
themselves. Early mental health difficulties show stability over time, and
intervention can break this cycle and assist in preventing problems becoming
entrenched over time.
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Appendix A
Table A1
Norms and Interpretation of STST Scores
Factor

M (SD)

Lower scores

Higher scores

Approach

3.17 (1.18)

Approaching

Withdrawing

Cooperation-manageability

3.09 (0.92)

Cooperative, manageable

Uncooperative, unmanageable

Persistence

2.90 (0.80)

Persistent

Not persistent

Rhythmicity

2.92 (0.94)

Rhythmic

Arrhythmic

Distractibility

4.01 (0.75)

Distractible, soothable

Non-distractible, non-soothable

Reactivity

3.50 (0.70)

Not reactive or irritable

Highly reactive and irritable

Easy/difficult

3.32 (0.62)

Easy temperament

Difficult temperament

Note. Data is from the Short Temperament Scale for Toddlers (STST; unpublished scale), a shortened Australian adaptation of the Toddler
Temperament Scale (Fullard et al., 1978).
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Appendix B
Table B1
Correlations between Potential V1 Predictor Variables and V1 and V2 DVs prior to Regression Analyses
Potential V1 Predictor Variables
DVs

SES

NVDQ

VDQ

DQ

Rhythmicity

Persistence

Distractibility

Approach

Coop-

Reactivity

EDS

manage
V1 Toddler EP

-.32

-.20

-.30

-.28

.39

.42

.08

-.03

.37

.24

.29

V1 Toddler IP

-.16

.09

-.02

.04

.22

.31

.01

.16

.23

.39

.38

V2 Toddler EP

-.45

-.22

-.44

-.37

.41

.48

.03

.14

.52

.25

.47

V2 Toddler IP

-.31

.10

-.03

.03

.21

.39

.06

.35

.39

.35

.58

Note. V = visit; EP = externalising problems; IP = internalising problems; SES = socioeconomic status; NVDQ = non-verbal developmental quotient; VDQ = verbal developmental quotient; DQ
= developmental quotient; Coop-manage = cooperation-manageability; EDS = easy/difficult temperament. Correlations ≥ ±.33 are in bold typeface.
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Abstract
This study investigated family-related concurrent and prospective predictors of
mental health problems among 30 2- to 3-year-old toddlers at familial high-risk for
Autism Spectrum Disorders (ASD) and 28 low-risk controls. All toddlers completed
developmental assessments at 2- and 3-years of age, whilst toddlers in the high-risk
group were also assessed for ASD at 3-years. Parents completed the Depression
Anxiety Stress Scales regarding their own mental health, and the Behaviour
Assessment System for Children for both of their participating children (i.e., toddlers
and probands). Probands with ASD and their parents had higher rates of reported
mental health difficulties compared to their low-risk counterparts. Parent stress and
proband mental health difficulties were predictive of concurrent toddler mental
health difficulties at 2-years, but only baseline proband internalising problems
continued to exert a prospective effect on toddler internalising problems at 3-years.
High-risk status, whilst significantly concurrently associated with toddler mental
health, did not confer additional risk for toddler mental health difficulties once
entered alongside other predictors. Baseline toddler mental health difficulties
robustly predicted later mental health difficulties, while high-risk status and
diagnostic outcome conferred no additional risk. This study highlights the increased
risk of mental health difficulties in families affected by ASD, and points to the
importance of utilising a family systems perspective for understanding toddler
mental health difficulties.
Keywords: mental health, internalising problems, externalising problems,
parent stress, Autism Spectrum Disorders, high-risk siblings, family environment
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Proband Mental Health Difficulties and Parental Stress Predict Mental Health in
Toddlers at High-Risk of Autism Spectrum Disorders
Autism Spectrum Disorders (ASD) have a significant and pervasive impact
on the development, functioning and wellbeing of those diagnosed with the
condition, right across the lifespan. A diagnosis of ASD is made when there are
significant social-communication impairments and restricted, repetitive behaviours,
activities, or interests, which are present from early in life (American Psychiatric
Association [APA], 2013). Alongside these core features, a range of comorbidities
often presents, including intellectual disability, mental health difficulties and
language disorders. Together, these core and associated features have the potential to
impact not only those diagnosed with the condition, but also their family members.
Acknowledging genetic as well as environmental influences on the mental
health of high-risk siblings, Bauminger and Yirmiya (2001) recommend that the
development and functioning of these younger siblings, including their socialemotional functioning, be studied from a transactional viewpoint (Sameroff & Fiese,
2000) which theorises that children’s genetic liability interacts with environmental
risk factors to produce mental health difficulties. According to this model, children
are not passive recipients of environmental influences. Rather, their unique
characteristics interact with environmental factors to produce an effect.
Families who have a child with ASD present a range of risk factors, both
environmental and genetic, that may place later-born children at increased risk for
adverse outcomes across a variety of developmental domains. Environmental factors,
such as mental health problems and stress in family members, may place younger
siblings at increased risk of developing mental health problems themselves (e.g.,
Hastings, 2007). Genetic factors, such as the known heritability of ASD (e.g., Bolton
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& Rutter, 1990; Folstein & Rutter, 1977; Ozonoff et al., 2011), and sub-threshold
features of ASD commonly present in family members (i.e., the Broader Autism
Phenotype [BAP]; Bolton et al., 1994), have been associated with the development
of mental health problems, and may consequently function as genetic risk factors for
adverse mental health outcomes in younger siblings (the high-risk siblings).
Research examining mental health outcomes in high-risk siblings has
revealed mixed findings. Some studies report the siblings of children with ASD to be
at no greater risk for mental health difficulties (e.g., Benson & Karlof, 2008;
Pilowsky, Yirmiya, Doppelt, Gross-Tsur, & Shalev, 2004), whereas other studies
have found them to be at greater risk of poor mental health outcomes (e.g., Fisman et
al., 1996; Gold, 1993; Ross & Cuskelly, 2006; Verte, Roeyers, & Buysse, 2003).
Methodological differences across studies, including varied comparison groups,
measures, informants, sampling procedures, age ranges studied, and small sample
sizes may account for some of the apparent differences across studies (e.g., Meadan,
Stoner, & Angell, 2010). Moreover, the impact of the sibling’s own diagnoses has
been neglected in much of the research to date. Comparing the mental health of
siblings with and without clinical diagnoses of their own, such as of ASD, is
important to account for some of the genetic risk faced by siblings (Benson &
Karlof, 2008). Furthermore, high-risk sibling research has to date been mostly crosssectional and undertaken with samples varying widely in age range, failing to
consider child mental health from a developmental perspective, and limiting the
identification of potential predictors of later mental health.
The current study was designed to address some of the methodological
limitations in previous research by focusing on siblings during toddlerhood, and
following them prospectively from 2- to 3-years of age. Moreover the siblings were
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assessed for own ASD diagnostic status to take into account some of the genetic
influences on their mental health. This approach is important to identify risk and
protective factors for mental health in order to develop prevention and intervention
strategies.
Taking a transactional viewpoint, we investigated proband and parental
mental health as important variables that may impact upon mental health of the
younger toddler-aged sibling. The genetic liability for mental health difficulties in
siblings was explored through the comparison of mental health across subgroups of
high-risk siblings with and without their own ASD diagnoses, and compared to a
low-risk control group with no family history of ASD. A review of some of the
unique genetic and environmental risk factors impacting upon siblings’ mental
health is presented below.
Genetic Risk Factors for Mental Health Problems in High-risk Siblings
Siblings of children with ASD are at increased risk of expressing ASD traits
and being diagnosed with ASD. Approximately 19% of high-risk siblings meet
diagnostic criteria for ASD (Ozonoff et al., 2011), and an additional 28% of highrisk siblings show related atypicalities including presence of the BAP, of
cognitive/language delays, and of Attention-Deficit/Hyperactivity Disorder (ADHD;
Ozonoff et al., 2014), all of which have been associated with a range of emotional
and behavioural difficulties (e.g., APA, 2013; Ingersoll, Meyer, & Becker, 2011;
Kay-Lambkin, Kemp, Stafford, & Hazell, 2007).
Early conceptualisations of ASD highlighted the affective disturbance
inherent in the condition (Kanner, 1943). Comorbid emotional and behavioural
disorders are more common in ASD than in children diagnosed with intellectual
disability (Brereton, Tonge, & Einfeld, 2006) and indeed, these appear to be the rule
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rather than the exception, with 70% of individuals diagnosed with ASD also meeting
diagnostic criteria for one additional mental health disorder, and around 40%
meeting criteria for two or more (APA, 2013; Simonoff et al., 2008). Studies have
shown the most common comorbid mental disorders in ASD to include internalising
disorders such as anxiety and depression (e.g., Gillott, Furniss, & Walter, 2001;
Mayes, Calhoun, Murray, Ahuja, & Smith, 2011), externalising disorders such as
ADHD and disruptive behaviour disorders (e.g., Simonoff et al., 2008), and other
neurodevelopmental disorders including intellectual disability and language
disorders (APA, 2013; Centers for Disease Control and Prevention, 2012).
Recent conceptualisations of psychopathology have moved away from
categorical approaches to diagnosis, to more dimensional approaches which
acknowledge that sub-threshold traits of mental disorders may be expressed in
otherwise healthy individuals. The concept of the BAP fits with this dimensional
approach, conceptualised as an extension of ASD symptom expression within the
general population, expressed at a sub-threshold level insufficient to meet formal
diagnostic criteria (e.g., Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley,
2001; Bolton et al., 1994).
The risk of mental health problems is elevated in family members of
individuals with ASD. For instance, studies have found increased risk of affective
disorders such as depression and anxiety among family members of those with ASD
diagnoses (Piven & Palmer, 1999). Comparing the familial aggregation of
psychiatric disorders in relatives of people with ASD and Down syndrome, higher
rates of Obsessive-Compulsive Disorder, motor tics, and affective disorder were
found in the former group (Bolton, Pickles, Murphy, & Rutter, 1998). Furthermore,
Ingersoll and Hambrick (2011) found increased self-reported stress and depression in
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parents of children with ASD compared to normative data. Using a different
comparison group to the aforementioned study, Ingersoll, Meyer, and Becker (2011)
found increased self-reported depressive symptoms in mothers of children with ASD
compared to mothers of children without ASD. An important finding was that after
accounting for the level of parenting stress and child autism severity, the BAP
carried unique predictive value for the level of depressive symptoms in mothers of
children with ASD. Interestingly, parents in these studies generally reported that they
were first diagnosed with depression before the birth of their child with ASD,
suggesting that increased genetic risk contributes to parents’ increased rates of
depression, rather than the environmental risk factors and pressures associated with
raising a child with ASD, per se (Bolton et al., 1998; Ingersoll & Hambrick, 2011).
Environmental Risk Factors for Mental Health Problems in High-risk Siblings
It is argued that the mental health of children under 5-years of age (i.e., Infant
Mental Health) is best conceptualised from a relational perspective, with key
caregiving relationships considered to exert particularly important proximal
influence on children’s developing mental health (Zeanah Jnr & Zeanah, 2009).
Consequently, the mental health and wellbeing of parents and caregivers is
particularly important for young children’s mental health. There is a vast body of
literature concerning typically developing children that shows poor maternal mental
health (and also paternal mental health, in some studies) to be a risk factor for
adverse child outcomes, including mental health problems, poorer cognitive and
motor development, and lower academic achievement (e.g., Connell & Goodman,
2002; Cornish et al., 2005; Fihrer, McMahon, & Taylor, 2009; Goodman et al.,
2011; Murray et al., 2010; Murray et al., 2011; Ramchandani et al., 2008). Siblings
of children with ASD therefore represent a potential high-risk group for adverse
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mental health outcomes due to the increased pressures on families affected by ASD.
Increased rates of mental health difficulties, such as anxiety and depression, and also
stress, are typically reported in parents of children with ASD (e.g., Hastings &
Brown, 2002).
Further, the characteristics of the child with ASD can impact upon the mental
health and wellbeing of family members. For example, there is growing evidence to
suggest that it is the behaviour problems of children with ASD, rather than the
severity of their core ASD symptoms, that is more robustly predictive of parent
stress (e.g., Lecavalier, Leone, & Wiltz, 2006; McStay, Dissanayake, Scheeren,
Koot, & Begeer, 2014). Similarly, siblings in middle childhood have reported that
the behaviour problems of their brother/sister with ASD presents the most common
difficulty in the sibling relationship (Ross & Cuskelly, 2006). As such, proband
behaviour problems may play a significant role in the wellbeing of parents and
siblings, more so than the severity of their core ASD symptoms per se.
Another proximal factor that may confer risk for the mental health high-risk
siblings is the mental health of their older sibling with ASD. Some studies have
found that the behaviour problems of the proband with ASD have a negative impact
on sibling adjustment, whilst others have found no such effect. For instance, in a
longitudinal study, Hastings (2007) found that the behaviour problems of probands
with ASD at baseline, but not the change in behaviour problems over two years,
predicted mental health among siblings (mean age = 10-years) who had no parentreported developmental disabilities of their own.
Benson and Karlof (2008) found that symptom severity of the proband with
ASD and parent educational/therapeutic involvement with this child predicted both
parent-reported sibling adjustment difficulties and prosocial behaviour. Stressful life
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events and family climate predicted sibling prosocial behaviour but not adjustment
difficulties for siblings without diagnoses of their own (mean age = 7-years).
Although data for this study were collected at two time points, sibling mental health
was only measured at the latter time point, limiting the ability of the longitudinal
regression models to control for baseline level of sibling mental health difficulty. In
addition, sibling diagnoses were identified via parent-report and medical record
review, which could have led to an underestimation of the number identified with a
diagnosis of their own.
In contrast to the aforementioned research, other studies have found that
proband behaviour problems do not predict sibling behaviour problems. Hastings
(2003) investigated behaviour problems and pro-social behaviour in a group of 22
siblings (mean age = 12-years) of children with autism and comorbid intellectual
disability, alongside proband behaviour problems and maternal stress. They found
increased rates of peer problems and total problems, and lower levels of pro-social
behaviour among siblings compared to normative data. After accounting for sibling
variables (i.e., sibling sex and age, birth order, sex-match between siblings, and
proband out-of-home-placement status), the behaviour problems of the proband and
maternal stress were not found to explain a significant amount of the variance in
either sibling behaviour problems or pro-social behaviour.
Aims and Hypotheses
The aims of the current study were threefold. Having recently established
that increased mental health difficulties present among high-risk toddlers compared
to low-risk controls, and show continuity over toddlerhood (Crea, Dissanayake, &
Hudry, submitted), we sought firstly to identify here whether rates of mental health
difficulties in probands with ASD and in their parents might be increased compared
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to those of their low-risk counterparts. Secondly, we aimed to investigate these as
potential concurrent and prospective familial predictors of toddler mental health
difficulties, from ages 2- to 3-years. We hypothesised that parents of children with
ASD and probands with confirmed ASD diagnoses would present with higher rates
of mental health difficulties compared to their low-risk counterparts, and further, that
proband and parent mental health difficulties would uniquely predict toddler mental
health difficulties both concurrently and across a 12-month prospective period.
Method
Study Design
A high-risk sibling research design was employed, recruiting two sibling
groups: toddlers at familial high-risk for ASD (i.e., by virtue of having an older
sibling with a confirmed diagnosis), and toddlers at low-risk (i.e., with typicallydeveloping older sibling/s and no such family history of ASD). Parents participated
with their toddler-aged child in two key visits, held approximately one year apart;
the first (V1) occurring around the toddler’s second birthday and the second (V2)
occurring one year later, around the third birthday. The high-risk toddlers’ older
siblings with ASD were seen at a separate visit to confirm their diagnosis.
Participants
Participants were 31 toddlers at familial high-risk for ASD (HR-toddlers),
and 31 low-risk controls (LR-toddlers). One parent (one father in the HR-group; two
fathers in the LR-group) and an older sibling (proband) of each toddler also
participated. One HR-toddler and three LR-toddlers were lost to follow-up (6.45%),
and one family in the LR-group failed to return V2 questionnaires. The probands in
the HR-group (ASD-probands) had relevant community-based clinical DSM-IV-TR
(APA, 2000) diagnoses (including Autistic Disorder, Asperger’s Disorder and
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Pervasive Developmental Disorder Not Otherwise Specified [PDD-NOS]). Probands
in the LR-group (i.e., typically-developing [TD]-probands) had no developmental
disorders as reported by parents. Where families included more than two children,
the older sibling closest in age to the participating toddler was selected as the target
proband. Diagnoses among ASD-probands were verified using the Autism
Diagnostic Observation Schedule-Generic (ADOS-G; Lord et al., 2000),
administered and scored by research reliable assessors. All individuals met ADOS-G
cut-off for autism or autism spectrum (see Table 1) and all HR-toddlers were thus
confirmed to be at familial high-risk for ASD. All TD-probands were screened for
ASD with the Social Communication Questionnaire (SCQ; Rutter, Bailey, & Lord,
2003), and all fell below the cutoff of 15 (Rutter, Bailey, et al., 2003; M = 2.58, SD =
1.84; range = 0-8). Furthermore, parents in the LR-group reported no known cases of
ASD in first- or second-degree relatives.
Mean age for LR-mothers at V1 was 36.68 years (SD = 4.11), and 36.00
years for HR-mothers (SD = 4.65). Mean age for LR-fathers at V1 was 38.14 years
at V1 (SD = 5.23), and 39.03 years for HR-fathers (SD = 5.40). Data regarding
annual household income and parental highest level of educational achievement
across LR- and HR-groups are presented in Table 2.
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Table 1
Sample Characteristics (n, M and SD) for Toddlers and Probands at V1 and V2
Visit

LR-toddlers

HR-no-ASD

HR-ASD

TD-probands

ASD-probands

n

28

14

16

28

30

Males: Females

14:14

6:8

5:11

12:16

29:1

1

26.18 (2.13)

25.71 (1.94)

25.44 (1.75)

57.86 (17.08)

67.80 (26.22)

2

38.14 (2.22)

37.50 (2.18)

37.75 (2.24)

70.07 (17.48)

79.77 (26.25)

1

117.10 (10.57)

113.21 (12.84)

110.24 (16.41)

-

-

2

119.24 (10.84)

115.85 (9.66)

114.92 (19.86)

-

-

1

120.94 (9.32)

117.00 (16.17)

111.68 (19.19)

-

-

2

116.37 (13.97)

112.93 (16.25)

110.43 (17.89)

-

-

1

119.02 (9.10)

115.10 (13.37)

110.96 (15.90)

-

-

2

117.81 (10.10)

114.39 (10.59)

112.68 (17.72)

-

-

1

-

8.36 (3.78)

13.33 (4.91)

-

14.86 (3.69)

2

-

7.50 (3.08)

14.56 (4.80)

-

-

CA (months)
NVDQ
VDQ
DQ
ADOS SA+RRB

Note. CA = chronological age; NVDQ = non-verbal developmental quotient; VDQ = verbal developmental quotient; DQ =
developmental quotient; ADOS SA+RRB: Autism Diagnostic Observation Schedule social affect and restricted repetitive behaviour
revised algorithm total score (Gotham, Risi, Pickles, & Lord, 2007). Standard deviations are in parentheses.
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Table 2
Annual Household Income and Parental Educational Attainment across Groups
LR-families

HR-families

n

%

n

%

< $50,000

0

0

3

10.7

$50,000 - $75,000

0

0

5

17.9

$75,000 - $100,000

2

7.1

6

21.4

$100,000 - $150,000

19

67.9

7

25.0

$150,000 - $200,000

5

17.9

2

7.1

> $200,000

2

7.1

5

17.9

Less than high school

0

0

2

6.7

Completed high school

2

7.1

3

10.0

TAFE qualification

2

7.1

5

16.7

16

57.1

13

43.3

8

28.6

7

23.3

Less than high school

0

0

1

3.4

Completed high school

4

14.3

3

10.3

TAFE qualification

6

21.4

9

31.0

University undergraduate

8

28.6

13

44.8

10

35.7

3

10.3

Annual household income

Maternal educational level

University undergraduate
University postgraduate
Paternal educational level

University postgraduate

Note. TAFE = Technical and Further Education; HR-families: annual household income
missing for two families; fathers’ educational qualification missing for one single-parent
family.
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Measures
A demographic questionnaire was utilised to collect basic information about the
family including parental education, family income, family structure, and the age and
gender of all siblings. An index of socioeconomic status (SES) was calculated by first
expressing maternal education, paternal education, and family income as Z scores, and
averaging across these scores for each participant. When only two data points were
available (i.e., single parent family; family income missing; 3 cases), SES was
calculated as the mean of the two available Z scores.
Mental health measures. The Behavior Assessment System for Children,
Second Edition (BASC-2; Reynolds & Kamphaus, 2004) was used to measure mental
health both in the toddler-aged siblings (at each of V1 and V2) and in probands at V1.
This is a parent-report questionnaire that assesses problem and adaptive behaviours
across a range of items on a four-point scale (from “never” to “almost always”). The
Preschool (2- to 5-years, 134 items), Child (6- to 11-years, 160 items), and Adolescent
(12- to 21-years, 150 items) forms were utilised as appropriate. The BASC-2
summarises scores into clinical and adaptive subscales (e.g., anxiety, hyperactivity,
social skills), which are used to compute the broad composite scales (externalising
problems, internalising problems, behavioural symptoms index, adaptive skills), for
which standardised T scores (M = 50, SD = 10) are calculated. The BASC-2 specifies
that scores one standard deviation above/below the mean for the clinical/adaptive skills
scales, respectively, are considered at risk, whilst scores two standard deviations from
the mean are considered clinically significant. This measure has sound psychometric
properties and has previously been used in high-risk sibling research (e.g., Macks &
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Reeve, 2007). There is good internal consistency for the composite scales across
Preschool, Child, and Adolescent forms (α = 0.85-0.95) and test-retest reliability (α =
0.81-0.86), as for the subscales (α = 0.70-0.88; test-retest reliability: α = 0.72-0.85). The
BASC-2 also shows good convergent validity with the Child Behavior Checklist
(CBCL; Achenbach, 1991), with comparable composite scales highly positively
correlated with one another (with the exception of some internalising scales, which were
moderately positively correlated). The clinical (internalising and externalising indices),
but not adaptive, composite scale T scores were retained for analysis here. Key variables
were toddler and proband T scores on externalising problems and internalising
problems.
The Depression Anxiety Stress Scales 21 (DASS21; Lovibond & Lovibond,
1995) was used to measure state depression, anxiety and stress in participating parents at
V1, the majority of whom were mothers (one father in the HR-group; two fathers in the
LR-group). This 21-item self-report measure asks respondents to rate the degree to
which each item applied over the past week on a four-point scale (from 0 = did not
apply to me at all; 3 = applied to me very much, or most of the time). Developed within
non-clinical samples, it is an ideal screening tool for commonly experienced mental
health difficulties in adults. It has sound psychometric properties, which are comparable
to those of the lengthier version (Lovibond & Lovibond, 1995) and is frequently used in
both research and clinical practice. The DASS21 is reliable and valid, with good internal
consistency (depression = 0.81; anxiety = 0.73; stress = 0.81), and good convergent
validity with the Hospital Anxiety and Depression Scale (HADS; Crawford & Henry,
2003; intercorrelation = .62-.66 between the respective anxiety and depression scales;
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Zigmond & Snaith, 1983). Key variables here were parent total scores on DASS
depression, anxiety and stress.
Sample characterisation measures. The Mullen Scales of Early Learning, AGS
Edition (MSEL; Mullen, 1995) were used to assess cognitive functioning in toddlers.
This is a standardised test for children aged from birth to 68-months and provides
standardised T scores (M = 50, SD = 10) across five scales: gross motor, visual
reception, fine motor, receptive language and expressive language. The MSEL is used
widely in clinical practice and in high-risk sibling research (e.g., Ozonoff et al., 2011;
Zwaigenbaum et al., 2005), and has excellent internal consistency and test-retest
reliability (Mullen, 1995). Developmental quotients (DQs) were calculated, including
for non-verbal (visual reception and fine motor subscales; NVDQ), verbal (expressive
and receptive language subscales; VDQ), and overall developmental level, by averaging
the relevant age equivalent (AE) scores and expressing them as a function of
chronological age. The three DQs were used as IVs in the multiple regression analyses
when an association presented between these and the DV in question.
The Social Communication Questionnaire (SCQ; Rutter, Bailey, et al., 2003)
was used as a screen for ASD in TD-probands and also for LR-toddlers at V2. This is a
40-item yes/no parent-report screening tool for ASD for use with children aged over 4years. However, it can and has been used with younger children providing their mental
ages exceed 2-years (Rosenberg et al., 2009; Rutter, Bailey, et al., 2003). A total score
of 15 is used as a cutoff for ASD and the SCQ is a widely used tool both clinically and
in ASD research, with excellent psychometric properties (Rutter, Bailey, et al., 2003).
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The Autism Diagnostic Observation Schedule-Generic (ADOS-G; Lord et al.,
2000) was used to assess the presence of ASD in HR-toddlers, and to confirm ASD
diagnoses in ASD-probands. This is a semi-structured, play-based assessment of autism
symptomatology (i.e., social skills, communication, play skills, and
imagination/creativity), suitable for use with individuals suspected of having ASD, right
across the lifespan. Choice among four modules is based primarily on expressive
language abilities, from no speech (Module 1), to fluent speech (Module 4). The ADOSG has sound psychometric properties (Lord, Rutter, DiLavore, & Risi, 2002), and is
considered to be a gold standard assessment tool for ASD (Ozonoff, Goodlin-Jones, &
Solomon, 2005). The revised diagnostic algorithm score totals (social affect plus
restricted repetitive behaviour; Gotham et al., 2007) are reported in this paper.
The Autism Diagnostic Interview-Revised (ADI-R; Rutter, Le Couteur, & Lord,
2003) was used with parents at V2 to assess ASD symptomatology among HR-toddlers.
It comprises 93-items delivered as a structured comprehensive developmental interview
with parents/caregivers of individuals suspected of having autism or a pervasive
developmental disorder (PDD). Scores are summarised into three core domains
(reciprocal social interaction, communication, and restricted, repetitive, and stereotyped
behaviours) and a fourth scale assesses the age of symptom onset. A diagnostic
algorithm provides a cutoff for Autistic Disorder (i.e., totals must exceed the cutoff for
each of the three domains, and also meet the onset criterion). Along with the ADOS, the
ADI-R is also considered to be a gold standard diagnostic tool for ASD (Ozonoff et al.,
2005).

'

FAMILY'PREDICTORS'OF'MENTAL'HEALTH'IN'TODDLERS'

202'

Procedure
Following approval by the La Trobe University Human Ethics Committee (Ref.
#11-074), families with two or more children, one of whom was a 2-year-old toddler,
were recruited into the LR- and HR-group using flyers distributed through local services
for children with ASD, community child-care centres and playgroups, e-newsletters and
posters, and by word-of-mouth. Parents provided written informed consent prior to
participation.
The developmental level of all toddlers was assessed at both visits with the
MSEL. Additionally, HR-toddlers underwent an ADOS-G assessment at both visits and
an ADI-R at V2 (all administered and scored by/under the close supervision of research
reliable coders) to assess ASD symptomatology. A psychologist expert in toddler ASD
diagnosis used all information obtained across both visits to make DSM-IV-TR (APA,
2000) clinical best estimate diagnoses of ASD (including Autistic Disorder, Asperger’s
Disorder, and PDD-NOS) as relevant. ASD-probands were seen at a separate visit and
assessed with the ADOS-G to confirm existing ASD diagnoses.
Group characterisation. Following the V2 assessment, HR- toddlers were
categorised into one of two outcome groups: those meeting ASD criteria (hereafter, HRASD; n = 16; 53% of the HR-group) and those not meeting ASD criteria (hereafter HRno-ASD; n = 14, 47%). This case ascertainment rate is higher than that commonly
reported in the HR-sibling literature (approximately 19%; e.g., Ozonoff et al., 2011) and
may represent a recruitment bias given that recruitment for this study occurred around
age 2-years rather than earlier in infancy.
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All HR-probands met ADOS-G cutoff for autism spectrum or autism (Module 1:
n = 4, Module 2: n = 16, Module 3: n = 9), confirming their ASD diagnoses.
Furthermore, LR-toddlers and their older TD-probands were screened for ASD using the
SCQ, with all individuals scoring below the cutoff of 15 (TD-probands, M = 2.58, SD =
1.84, range = 0-8; LR-toddlers at V2, M = 3.81, SD = 1.69, range = 0-7).
One-way ANOVAs showed that the three toddler outcome groups (LR-toddlers,
HR-no-ASD, HR-ASD) were not statistically significantly different at V1 on
chronological age (CA), F (2, 55) = 0.76, p = .47; NVDQ, F (2, 55) = 1.50, p = .23;
VDQ, F (2, 55) = 2.14, p = .13; and DQ, F (2, 55) = 2.21, p = .12. They were also not
statistically significantly different at V2 on CA, F (2, 55) = 0.43, p = .65; NVDQ, F (2,
55) = 0.60, p = .55; VDQ, F (2, 55) = 0.77, p = .47; and DQ, F (2, 55) = 0.90, p = .41.
The average inter-test interval between V1 and V2 did not differ across the three toddler
groups, F (2, 55) = 1.30, p = .28 (overall sample M = 11.57, SD = 1.13 months).
Families were not statistically significantly different on SES across the three toddler
groups, F (2, 55) = 2.32, p = .11. Typically developing- and ASD-probands were not
statistically significantly different on age at V1, t (56) = -1.70, p = .10, and V2, t (55) = 1.62, p = .11.
Analysis Plan
To explore differences in mental health and wellbeing variables (i.e., parent
depression, anxiety, and stress; proband externalising and internalising problems)
between the two recruited groups of parents (LR-group vs. HR-group) and probands
(TD-probands and ASD-probands), a two-staged approach was taken to minimise the
chance of Type I errors. Firstly, MANOVAs (no covariates apparent) were performed
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entering all mental health variables for parents and probands. If significant, follow-up
univariate tests (t-tests or ANOVAs, as appropriate) were conducted to identify where
significant differences lay. Post-hoc tests, where appropriate, are reported with
Bonferroni correction to control for Type I errors.
Hierarchical multiple regression analyses were used to explore the predictive
value of baseline family factors (i.e., parent and proband mental health and wellbeing)
for toddler-mental health, concurrently at 2-years, and prospectively to 3-years
(controlling for V1 variables). Firstly, correlations were used to explore associations
among IVs to check for multicollinearity. Considering the amount of shared variance
between parent mental health and wellbeing measures (intercorrelation range = .53-.67),
and the constraints of our sample size, parent stress was selected as the key parent
variable for entry into subsequent multiple regression analyses (as this was the only
DASS variable correlated with all DVs at both V1 and V2; see Appendix Table A1).
Second, associations between the DVs (toddler mental health variables) and IVs (parent
mental health and wellbeing, proband mental health, SES, DQs) were explored.
Correlations of r ≥ ±.33 were considered meaningful (i.e., ≥ 10% of variance explained)
for entry into the regression equations (see Appendix Table A1). These variables were
entered in descending magnitude of the association effect size, at separate steps.
Proband mental health was always entered last to determine whether this added unique
predictive value for toddler mental health, after other variables had already been
accounted for. Diagnostic group status (dummy coded) was trialled as a potential
predictor. However, it was only found to carry significant value for the cross-sectional
analyses. It was consequently entered at step 1 for the cross-sectional regression models,
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but omitted from the prospective analyses to minimise number of predictors entered.
Additionally, V1 toddler mental health was always entered at step 1 to control for
baseline toddler symptom level in the prospective regressions.
Results
Preliminary Data Checks
Data were checked for missing values, outlier scores, and assumptions pertinent
to conducting the planned analyses. Univariate outliers were adjusted by assigning a
value one unit higher/lower than the next highest/lowest value in the dataset, as advised
by Tabachnick and Fidell (2013). One multivariate outlier was removed from regression
analysis for prospective externalising problems.
Missing data were very minimal (i.e., < 2% of responses at the item level),
except among the MSEL scales (11.7% of cells missing), due to factors such as child
shyness, illness, and non-compliance. Missing data here were imputed using the
expectation-maximisation method (Tabachnick & Fidell, 2013), and analyses were
performed both with and without imputation. There was no undue effect on results
therefore, the data with imputation were retained for analysis.
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Group Differences in Parent and Proband Mental Health
A one-way between groups (TD-probands vs. ASD-probands) MANOVA on the
two proband BASC-2 clinical composites scales at V1 revealed a significant main effect
of Group with large effect size, Wilks’ Lambda = .78, F(2, 55) = 7.83, p = .001, partial
η2 = .22. Follow-up t-tests showed significantly higher levels of parent-reported
externalising problems for ASD-probands compared to TD-probands, with large effect
size, and significantly higher rates of internalising problems, with medium effect size
(see Table 3).
A one-way between groups (LR-group vs. HR-group) MANOVA on the three
parent DASS scales at V1 revealed a main effect of Group with a large effect size,
Wilks’ Lambda = .81, F(3, 58) = 4.58, p = .006, partial η2 = .19. The t-tests revealed
significantly higher levels of self-reported symptoms of depression and stress in HRgroup parents compared to LR-group parents, with a large effect size, but with no such
effect for anxiety symptoms (see Table 3).
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Table 3
Proband and Parent Mental Health at V1 (N = 58)
M (SD)

M (SD)

TD-probands

ASD-probands

Externalising

49.39 (8.31)

61.57 (13.99)

3.99

<.001**

1.06

Internalising

51.29 (8.19)

58.87 (15.05)

2.36

.02*

0.63

Proband BASC-2

Parent DASS

t

p

Cohen’s d

LR-group

HR-group

Depression

2.07 (2.40)

5.30 (4.32)

3.48

.001*

0.92

Anxiety

1.32 (2.37)

2.63 (3.18)

1.77

.08

0.47

Stress

7.79 (4.73)

13.53 (8.10)

3.27

.002*

0.87

Note. BASC-2 = Behaviour Assessment System for Children, Second Edition; DASS =
Depression Anxiety Stress Scales. BASC-2 scores are expressed as standardised T
scores, whilst DASS scores are total scores for each scale. Externalising = externalising
problems, and internalising = internalising problems.
*p < .05. **p < .001.
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Family Factors Predicting Toddler Mental Health
Two concurrent predictive models (V1 family related predictors of V1 toddler
mental health) and two prospective models (V1 family related predictors of V2 toddler
mental health) were tested, one for each of toddler externalising and internalising
problems.
Concurrent models. The degree to which DASS stress (hereafter, parent stress)
and proband externalising problems were predictive of toddler externalising problems at
V1 was tested. Overall the model explained 44.5% of the variance in V1 toddler
externalising problems, F(4, 53) = 10.61, p < .001. Diagnostic outcome group (dummy
coded) was entered at step 1, accounting for 23.7% of the variance. However, group
membership conferred no additional risk for toddler externalising problems at V1 when
the other predictors were held constant. Parent stress and proband externalising
problems were important predictors when entered in this order, explaining 8.6% and
12.1% of unique variance in toddler externalising problems, respectively (see Table 4).
Higher parent stress and proband externalising problems predicted higher toddler
externalising problems concurrently at 2-years of age.
The degree to which parent stress and proband internalising problems were
predictive of toddler internalising problems at V1 was tested next. The total variance
explained by the model was 28.5%, F(4, 53) = 5.27, p = .001. Diagnostic outcome group
was entered at step 1, accounting for 14.6% unique variance. However, group
membership conferred no additional risk for toddler internalising problems at V1 when
all predictors had been entered into the model. Parent stress was an important predictor,
explaining 10.1% unique variance in toddler internalising problems at step 2, whilst
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proband internalising problems added 3.8% unique variance at step 3 (p = ns; see Table
4). Higher levels of parent stress therefore predicted higher levels of toddler
internalising problems concurrently at 2-years of age.
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Table 4
Concurrent Predictors of Toddler Mental Health Problems at 2-years
Predictors of toddler EP

β

t

Step 1
Group: LR- vs. HR-toddler

-.49

-4.11**

Group: HR-no-ASD vs. HR-ASD

.07

0.61

Step 2
Group: LR- vs. HR-toddler

-.36

-2.91*

Group: HR-no-ASD vs. HR-ASD

.15

1.30

Parent stress

.33

2.62*

Step 3
Group: LR- vs. HR-toddler

-.19

-1.55

Group: HR-no-ASD vs. HR-ASD

.15

1.39

Parent stress

.28

2.40*

Proband EP

.40

3.41*

β

t

Predictors of toddler IP
Step 1
Group: LR- vs. HR-toddler

-.38

-3.04*

Group: HR-no-ASD vs. HR-ASD

.07

0.55

Step 2
Group: LR- vs. HR-toddler

-.24

-1.85

Group: HR-no-ASD vs. HR-ASD

.15

1.26

Parent stress

.36

2.69*

Step 3
Group: LR- vs. HR-toddler

-.20

-1.54

Group: HR-no-ASD vs. HR-ASD

.11

0.86

Parent stress

.29

2.12*

Proband IP

.22

1.68

Note. EP = externalising problems, IP = internalising problems.
*p < .05. **p < .001.

'

ΔR2

F change

.24

8.55*

.09

6.89*

.12

11.59*

ΔR2

F change

.15

4.70*

.10

7.22*

.04

2.80
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Prospective models. Two hierarchical multiple regression models were
conducted to determine whether proband and parent mental health predicted toddler
mental health difficulties prospectively, to 3-years of age.
Firstly, the predictive value of parent stress and proband externalising problems
for later toddler externalising problems was tested. Overall the model provided a good
fit to the data, with 54.7% of total variance explained, F(5, 50) = 12.09, p < .001. V1
toddler externalising problems was entered at step 1 to control for the baseline level of
this same measure, and accounted for 47.0% of the variance. SES and VDQ were also
associated with V2 toddler externalising problems, and so were entered into the
regression model in separate steps. At step 2, SES explained only a further 4.2% of the
variance, and at step 3 VDQ explained 2.5% unique variance (p = ns), whilst parent
stress explained only 0.5% of the variance at step 4 (p = ns). Lastly, proband
externalising problems was not an important final predictor of toddler V2 externalising
problems, explaining only 0.6% of unique variance at step 5, after controlling for the
aforementioned variables (see Table 5). Higher toddler externalising problems at V1
predicted higher toddler externalising problems at V2.
The predictive value of V1 parent stress and proband internalising problems for
V2 toddler internalising problems was tested next. Overall the model again provided a
good fit to the data, with 56.4% total variance explained, F(3, 53) = 22.83, p < .001. V1
toddler internalising problems was entered at step 1 to control for the baseline level of
this same measure, accounting for 42.5% of the variance. Parent stress was entered next
at step 2, explaining only 2.2% additional variance (p = ns). Proband internalising
problems was an important final predictor, however, explaining 11.7% of the unique
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aforementioned variables (see Table 5). Higher baseline levels of both toddler and
proband internalising problems were therefore predictive of toddler internalising
problems one year later.
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Table 5
Longitudinal Predictors of Toddler Externalising Problems at 3-years
V1 Predictors of V2 Toddler EP

β

t

Step 1
Toddler EP

.69

Toddler EP

.63

6.37**

SES

-.21

-2.12*

Step 3
Toddler EP

.60

6.08**

SES

-.18

-1.83

VDQ

-.17

-1.69

Step 4
Toddler EP

.57

5.14**

SES

-.19

-1.89

VDQ

-.17

-1.69

Parent stress

.08

0.72

Step 5
Toddler EP

.53

4.36**

SES

-.16

-1.53

VDQ

-.16

-1.66

Parent stress

.07

0.62

Proband EP

.10

0.82

β

t

Step 1
Toddler IP

.65

Toddler IP

.58

5.25**

Parent stress

.16

1.46

Step 3

'

.47

.47

47.81**

.04

4.51*

.03

2.84

.01

0.52

.01

0.67

ΔR2

F change

.43

40.60**

.02

2.13

.12

14.24**

6.37**

Step 2

Toddler IP

F change

6.92**

Step 2

V1 Predictors of V2 Toddler IP

ΔR2

4.51**
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Parent stress

.09

0.83

Proband IP

.38

3.77**

Note. SES = socioeconomic status; VDQ = verbal developmental quotient; EP =
externalising problems; IP = internalising problems.
*p < .05. **p < .001.
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Discussion
This study investigated whether the frequency of mental health difficulties was
increased in probands with ASD and in their parents compared to among members of a
low-risk comparison group. In addition, familial risk factors, including parental and
proband mental health and wellbeing, were investigated as possible predictors of toddler
mental health difficulties, both concurrently at 2-years, and prospectively to 3-years.
Despite these acknowledged limitations, our results provide a downward
extension in age from previous studies of adjustment in high-risk siblings, and provide
replication and extension of the literature. We found increased rates of parent-reported
externalising and internalising problems in probands with ASD compared to among
low-risk counterparts (with moderate to large effect sizes), confirming our first
hypothesis. We also found increased rates of self-report symptoms of depression and
stress (with large effect sizes), but not in self-reported anxiety, among parents of
children with ASD compared to parents of typically developing children, partly
confirming our hypothesis. These results add to a growing body of evidence indicating
that families affected by ASD are also at increased risk of mental health difficulties
(e.g., Fisman et al., 1996; Piven & Palmer, 1999; Verte et al., 2003).
Turning now to the prediction of toddler mental health problems, the presence of
which we have already established elsewhere (e.g., Crea et al., submitted), familial risk
factors, including parent stress and proband mental health difficulties, were found to be
predictive of concurrent toddler mental health difficulties at age 2-years. Parent stress
predicted toddler internalising problems at 2-years, whilst only proband internalising
problems were predictive of toddler internalising problems 12- months later, once the
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continuity of baseline toddler internalising problems had been accounted for. However,
the total amount of variance explained by the concurrent model was only 29%
(prospective model = 56%), indicating that the majority of the variance in 2-year-old
toddler internalising problems was likely accounted for by unmeasured variables.
The findings for toddler externalising problems were somewhat different to those
regarding toddler internalising problems. Parent stress and proband mental health
difficulties were predictive of concurrent toddler mental health problems. However, this
was no longer the case when the data were considered prospectively, with these factors
contributing no further prospective predictive value to toddler mental health beyond
baseline toddler mental health itself. These data suggests that parent and proband mental
health variables had already had their impact on toddler mental health by 2-years of age,
such that they had no further direct influence 12-months later.
Furthermore, although we initially attempted to account for some of the
increased genetic risk faced by high-risk toddlers by entering diagnostic outcome
subgroup as a predictor within the multiple regression analyses, this was only found to
explain significant variance in toddler mental health at 2-years, but not to 3-years.
Despite diagnostic outcome group explaining variance in toddler mental health at 2years when entered at step 1, once other predictor variables had been entered into the
regression models, this factor was no longer significant. Hence, our results showed that
proband and parent mental health and wellbeing were important predictors of mental
health among both the younger siblings of children with ASD (regardless of their own
diagnostic outcome) and among the younger siblings of typically developing children.
Although these results are in need of replication before firmer conclusions can be drawn,
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the data may reflect an underlying common mechanism of risk for mental health
difficulties that is not moderated by familial ASD-risk status, nor by the presence of
ASD in the individual in question. This is consistent with De Pauw, Mervielde, Van
Leeuwen, and De Clercq’s (2011) hypothesis that similar processes operate to link traits
to adjustment problems across children with both low- and high-symptom ASD and
typical comparison children, based on the observation of similar reliabilities and
covariation across mental health variables.
The current results are consistent with some past research, but inconsistent with
other studies. Some key methodological differences will be noted, which may explain
some of the variability in findings across studies. Firstly, the present study focused on a
sample of 2-year-old high-risk younger siblings of children with ASD, whilst other
studies investigating family environment predictors of sibling mental health have
included siblings of wide-ranging ages, much older than 2-years on average, and
including both younger and older siblings of the proband with ASD. For example,
Benson and Karlof (2008) found that parent-reported proband ASD symptoms and
difficult behaviours were predictive of sibling prosocial behaviour and total adjustment
difficulties in their sample of high-risk siblings without diagnoses themselves, among
whom the mean age was 7-years and included older and younger siblings. However,
although their study was longitudinal, there was no baseline measure of sibling mental
health, so this could not be accounted for in the regression models.
Utilising a slightly older sample of high-risk siblings than the aforementioned
study (mean age = 12-years), Hastings (2003) found that maternal stress and proband
behaviour problems were not predictive of concurrent sibling adjustment problems.
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However, families in this particular study were recruited from a school for children with
ASD where 11 of the 26 probands were weekly boarders. This could have reduced the
environmental impact of the proband’s behaviour problems on maternal stress levels and
on the sibling, than would have been the case had they lived at home full-time. It is also
possible that the small sample size (22 siblings included in the regressions) combined
with the relatively large number of predictors (7 variables) reduced the power of the
regressions to detect significant effects.
Using a sample comparable in size to the present study, Hastings (2007) found
that the behaviour problems of probands with ASD or mixed aetiology developmental
disabilities at baseline, but not the change in these over time, predicted sibling
adjustment prospectively, after controlling for baseline sibling adjustment. This finding
is in line with our model for toddler internalising problems, but not for toddler
externalising problems. The siblings in Hastings’ study varied widely in age (3- to 18years), which is a key point of difference with the present study. Investigating predictors
of sibling adjustment at key developmental stages (e.g., early childhood, middle
childhood, adolescence, adulthood) may therefore assist in clarifying differences
between studies. Furthermore, a meta-analytical study on the adjustment of siblings of
children with ASD is needed, especially given some of the mixed findings across
studies.
Limitations
An important point of discussion is that the high-risk sibling group in this study
had a higher case rate of ASD (53%) than previously reported sibling recurrence risk
estimates based on similar study designs (i.e., around 19%; Ozonoff et al., 2011). One
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major difference between the current and other prospective studies is the age at which
siblings were recruited into the study. Most prospective studies to date have recruited
siblings early in infancy, usually by 6-months of age which is typically before parents
have developed concerns about their child’s development. In this study, siblings were
recruited at around 24-months. Hence, it is highly likely that a number of parents
already had concerns about their child’s development prior to enrolment in the study,
which may have motivated them to participate, contributing to the inflated case rate of
ASD in the current study sample. With the long wait lists and expense of diagnostic
assessments for ASD in Australia, it is not surprising that some parents might have
turned to research participation to learn more about their young child’s development.
Although not always possible due to various constraints when conducting research,
future high-risk studies should aim to recruit siblings close to birth to avoid such biases
in recruitment.
A further limitation is the reliance on parent-report measures of child mental
health for both probands and toddlers, and self-report of the parent’s own mental health
and wellbeing. Some degree of shared method variance could have contributed to the
elevated rate of mental health difficulties reported across parents and probands in the
high-risk group. However, given the consistent finding of elevated mental health
difficulties in high-risk participants compared to their low-risk counterparts, with
moderate to large effect sizes found even with the relatively small current sample size, it
seems unlikely that shared method variance alone could account for the results.
Nonetheless future studies should aim to collect data from multiple informants and
utilise direct observational measures to control for this possibility.
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Conclusion
Identifying possible high-risk groups for mental health difficulties is particularly
important so that preventative efforts can be targeted to key high-risk groups, and
clinicians can be cognisant of the increased risk when dealing with families affected by
ASD. It is important that early interventions can commence in a timely way to prevent
difficulties from becoming entrenched. The unique genetic and environmental risk
factors for mental health difficulties faced by siblings of children with ASD can be
understood from a transactional and family systems perspective, with a focus on the
interaction between genetic and environmental factors, within the family context.
Further, the identification of possible predictors of sibling mental health difficulties over
time allows for a more complex understanding of potential contributing factors to a
child’s symptom presentation. Given that the majority of risk factors were found to
impact upon sibling mental health early in development in the current study,
preventative measures should be implemented early, prior to this impact on toddlers’
long-term wellbeing, to support child developing mental health concurrently and into the
future.
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Appendix
Table A1
Correlations between Potential V1 Predictor Variables and V1 and V2 Dependent Variables prior to Multiple Regression Analyses
DVs

SES

NVDQ

VDQ

DQ

DASS

DASS

DASS

Depression

Anxiety

Stress

Proband EP

Proband IP

V1 Toddler EP

-.32

-.20

-.30

-.28

.41

.28

.44

.56

.46

V1 Toddler IP

-.16

.09

-.02

.04

.23

.34

.42

.24

.39

V2 Toddler EP

-.45

-.22

-.44

-.37

.26

.28

.34

.56

.54

V2 Toddler IP

-.31

.10

-.03

.03

.16

.31

.41

.39

.59

Note. V = visit; EP = externalising problems; IP = internalising problems; SES = socioeconomic status; NVDQ = non-verbal
developmental quotient; VDQ = verbal developmental quotient; DQ = developmental quotient; DASS = Depression Anxiety Stress
Scales. Correlations ≥ ±.33 are in bold typeface.
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The overarching aim in the program of research reported in this thesis was to
investigate the emergence of mental health difficulties among toddler-aged younger
siblings of children with ASD (high-risk siblings) compared to among a comparison
group of toddlers where there was no family history of ASD (low-risk siblings). The
roles of various mental health risk factors, namely child difficult temperament and
parent and proband mental health difficulties, were also examined. A particular
intent was to explore how these presented in high-risk toddlers with and without
ASD themselves, to examine whether an increased risk for temperament and mental
health difficulties existed for both of these groups. To explicate genetic and
environmental influences on toddler mental health, family environment factors –
namely proband and parent mental health difficulties – were also examined. This
research extends the small body of existing research on mental health in young
children at high-risk of ASD by investigating this issue from the age of 2-years,
younger than any published study to date. Additionally, children in the current study
were followed prospectively to around 3-years of age, advancing previous research
on the mental health of high-risk siblings which has, to date, been mainly crosssectional and has included children of widely varying age ranges.
Summary of the Current Research Findings
The results of the present research indicated that the current sample of
toddlers at high-risk for ASD were reported by their parents to have a greater
number of mental health symptoms (including both internalising and externalising
difficulties) compared to an age- and developmentally-equivalent low-risk
comparison group. Furthermore, a significant proportion of high-risk toddlers were
rated in the at risk or clinically significant range for mental health difficulties, both at
ages 2- and 3-years, highlighting the clinical importance of these issues. These
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results suggest that toddlers who have an older sibling with ASD should therefore be
considered to constitute a group also at high-risk of mental health difficulties.
Specifically, across 2- to 3-years of age, high-risk toddlers were rated by
their parents to exhibit greater levels of externalising and internalising problems than
low-risk toddlers. Further analyses revealed that group differences for internalising
problems were driven by those high-risk toddlers who were not classified as having
an ASD at age 3-years, whilst increased externalising problems presented across
high-risk toddlers in general, regardless of ASD diagnostic status. Although this data
should be interpreted with caution due to the small subgroup sample sizes, we found
that one in five high-risk toddlers without their own ASD diagnosis and two in five
high-risk toddlers who met criteria for ASD were rated in the clinical range for total
mental health problems at age 3-years. An important finding was that only the highrisk toddlers with ASD diagnoses showed a large increase in the proportion of
children falling into the clinical range for mental health issues from 2- to 3-years of
age. Additionally, high-risk toddlers who met criteria for ASD at age 3-years were
rated as temperamentally less persistent, and more arrhythmic, reactive, irritable and
difficult than low-risk toddlers at ages 2- and 3-years. Further, only high-risk
toddlers with ASD diagnoses showed an increase in reactivity and irritability from 2to 3-years of age. A consolidation of mental health problems and temperamental
reactivity and irritability, alongside the presence of temperamental arrhythmicity,
lower persistence, and difficult temperament may therefore be considered to serve as
early signs of an eventual ASD diagnosis in high-risk siblings.
A key child risk factor, temperament, was found to be predictive of both
concurrent and longitudinal toddler mental health difficulties. Specifically, more
difficult temperament was predictive of higher internalising problems. However, it
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was not an important predictor of externalising problems, concurrently at age 2-years.
Familial high-risk status was predictive of greater mental health difficulties
compared to low-risk status, however ASD diagnostic outcome status among highrisk toddlers did not confer additional risk for mental health difficulties. Neither risk
group, nor diagnostic status among high-risk toddlers, was predictive of toddler
mental health in the longitudinal analyses. The most robust prospective predictor of
higher mental health difficulties at age 3-years was a higher level of mental health
difficulties at 2-years of age. More difficult temperament conferred additional risk
for higher internalising mental health problems at age 3-years, although this factor
did not explain a clinically important amount of variance in later externalising
problems. Temperament appeared to be an important risk factor for mental health
problems – and particularly those of the internalising type – among toddlers at highand low- risk for ASD, both concurrently at age 2-years and prospectively to age 3years.
The results of the current study also indicated a high level of parent-reported
mental health difficulties including externalising and internalising problems and total
mental health difficulties, in the probands (i.e., the older siblings with diagnosed
ASD), compared to in the older siblings from low-risk families. Furthermore, parents
who had a child with ASD self-reported greater levels of stress and depressive
symptoms for themselves, but not higher anxiety symptoms, than did parents of
typically developing children. Importantly, these family environment risk factors,
including parent stress levels and older sibling mental health difficulties, were found
to be predictive of concurrent toddler mental health difficulties at age 2-years. This
pattern occurred for toddlers growing up in both family environments with and
without an older sibling with ASD. Being at high-risk for ASD compared to being at
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low-risk thereof, and being a high-risk toddler with an ASD diagnosis oneself
compared to having no such diagnosis, was predictive of higher toddler mental
health difficulties concurrently at age 2-years, but not prospectively to age 3-years. It
was noteworthy that the increased risk conferred by group membership was no
longer significant once parent stress, proband mental health problems, and other
relevant demographic variables had been entered into the regression equations. This
result suggests that the same family environment risk factors may be operating for
high-risk toddlers with and without ASD diagnoses themselves, and for low-risk
toddlers.
The prospective analyses revealed a different pattern of results to the
aforementioned concurrent analyses. The most important prospective predictor of 3year-old mental health problems was 2-year-old mental health problems. Only the
older siblings’ baseline levels of internalising problems added additional unique
predictive value to toddler internalising problems, prospectively at age 3-years.
Parent and proband mental health were not predictive of toddler externalising
problems at age 3-years. This pattern of findings suggests that these risk factors –
namely parent stress and mental health difficulties in an older sibling – had already
exerted their influence on toddler mental health by age 2-years, such that these
exerted little further direct impact on toddler mental health 12-months later.
Theoretical Implications
The theoretical implications of the findings from this program of research
extend to Infant Mental Health more generally. Firstly, these results indicate that
signs of mental health difficulty can be detected at the early age of 2-years, via
parent report. This is consistent with previous reports of the existence of mental
health problems in population-based studies of children during the early childhood
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years, also utilising parent-report data (e.g., Cote et al., 2009; Skovgaard et al., 2007).
Furthermore, the current results indicate that parents report clinically significant
mental health difficulties in a sizeable minority of toddlers at high-risk for ASD,
from as young as 2-years of age; younger than has been previously reported upon in
the literature.
Theoretical accounts of mental health difficulties in early childhood highlight
the role of specific risk and protective factors in the emergence and maintenance of
difficulties. Further to this, a transactional theoretical perspective (Sameroff & Fiese,
2000) highlights the importance of the interaction between each child’s unique
genetic liability and environmental risk factors, in the development of mental health
problems. Bauminger and Yirmiya (2001) recommended that this theoretical
perspective be applied when studying the mental health of children at high-risk for
ASD due to increases in both the genetic and environmental risk factors for mental
health difficulties in this group. Although this theory was not directly tested in this
research, it provides a useful framework for understanding the aetiology of mental
health difficulties.
The current research focused on addressing child (i.e., temperament) and
family environment, or familial, risk factors (i.e., parent and older sibling mental
health), but attempted to partly account for the increased genetic risk for mental
health difficulties faced by siblings at high-risk for ASD. This was achieved by
assessing each toddler for his/her own presence of symptoms of ASD. Despite group
differences in mental health across low-risk toddlers and high-risk toddlers with and
without ASD, diagnostic group assignment did not explain a significant amount of
the variance in the prediction of toddler mental health difficulties. However, familial
risk factors, including parent stress and proband mental health difficulties, were
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important predictors of mental health problems among all toddlers, particularly at
age 2-years. This supports the notion of interrelatedness amongst family members in
family systems theory; parent and proband mental health and wellbeing was seen to
impact toddler mental health.
Although statistically significant, the child factor of temperament was not
found to account for a clinically significant amount of the variance in 3-year-old
toddler mental health difficulties, over and above the predictive effect of earlier
toddler mental health difficulties. The result that 2-year-old mental health difficulties
was a robust predictor of 3-year-old mental health difficulties highlights the stability
of early childhood mental health problems, and is consistent with past research
which has shown similar continuity (Lavigne et al., 1998).
The finding that familial risk factors had a greater influence on toddler
mental health at age 2-years compared to at age 3-years may be explained from a
developmental perspective. Mental health in early childhood is thought to develop
within the context of key caregiving relationships (Zeanah Jnr & Zeanah, 2009),
with children’s developing capacity for emotional expression and regulation, and
consequently mental health, shaped heavily by the earliest relational experience; that
with the parent/caregiver (Schore, 2001). The period between 2- and 3-years of age
is a time of great developmental change, where children are becoming increasingly
independent. As children become more independent, they develop strategies for selfregulation and can assert their needs more effectively (e.g., moving away from, or
saying “Stop” when their older sibling is behaving aggressively), and so family risk
factors may consequently become less influential on the mental health of the
younger child.
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Practical Implications

Identifying groups of children at high-risk for mental health difficulties is
important from a public health perspective, so that early intervention and prevention
strategies can be targeted appropriately. However, before these strategies can be
designed, there must be a clear understanding of the relevant risk and protective
factors to be targeted. Whilst a vast body of research has identified robust risk and
protective factors for mental health in typically developing child cohorts, few studies
to date have investigated this issue in children at high-risk for ASD. The finding that
family environment risk factors were predictive of toddler mental health difficulties
regardless of high- versus low-risk status highlights that previously-reported risk
factors for infant mental health difficulties may not be constrained to ‘normative’
low-risk cohorts. This is in contrast to risk status for ASD, which is known to be
conferred in a highly familial/genetic manner (Bolton et al., 1994; Bolton & Rutter,
1990; Folstein & Rutter, 1988). This suggests that prevention strategies are likely to
impact not only typically developing cohorts, but also children at high-risk for ASD.
Further, this research suggests that intervention strategies targeting the mental health
of both the older sibling and the parent may have beneficial flow-on effects for the
young toddler’s mental health, particularly if these efforts are focused early in
toddlerhood.
Clinicians working with families affected by ASD should feel justified in
enquiring about the early mental health of younger siblings, based on the findings
from this study. When a young child presents at familial high-risk for ASD, due to
the presence of an older sibling with ASD in the family, clinicians should consider
not only whether the young child may meet criteria for ASD him/herself, but also
whether mental health difficulties exist. Further, a Family Systems Theory
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perspective may be useful in conceptualising the influence of children’s unique
family environments on their mental health. An argument for early intervention can
be made based on the observation from these data that family environment risk
factors appear to be more potent in influencing toddler mental health at earlier ages.
When a younger sibling presents with mental health difficulties, addressing the stress
of parents and the mental health difficulties of the older child may prove beneficial.
Functional behaviour analysis may also be useful in conceptualising mental
health problems in toddler-aged siblings of children with ASD. For example,
families who have an older child with ASD will likely need to divert much of their
time to this older child to facilitate the effective management of his/her behaviour
and access to intervention/education. Thus, the increased rates of externalising
problems seen in high-risk toddlers with and without ASD may function to divert
parent’s attention away from the older sibling with ASD, and back towards the
toddler him/herself. Supporting parents to manage early behaviour problems
effectively, and giving parents permission to take a break from ASD intervention and
educational activities to spend time with their younger child may effectively reduce
toddlers’ externalising behaviours.
Limitations and Future Directions
An important point that must be raised when identifying whether individuals
within a particular cohort of children are at higher than usual risk for mental health
difficulties lies in the variability in outcome within the group. Some children will be
considered ‘at risk’ or to have ‘clinically significant’ mental health symptoms, whilst
others will fall within the normal range. Whilst understanding what conditions may
confer increased risk for mental health difficulties, an equally important question is
what conditions protect against mental health difficulties. This study has focused
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upon risk, rather than protective, factors for high-risk sibling mental health
difficulties. Although many risk and protective factors are the inverse of each other
(e.g., difficult vs. easy temperament; secure vs. insecure attachment), future research
should more explicitly address those factors that protect against mental health
difficulties and foster resilience in high-risk samples.
The mental health of younger siblings of children with ASD could be
considered similarly to that of children with established ASD diagnoses – as highly
heterogeneous. Siblings have a proportion of their DNA in common, and for some
toddlers this may include some of the genetic mutations and differences that resulted
in the expression of the syndrome of ASD in their older brother or sister.
Consequently, each sibling’s unique genetic liability combined with characteristics
of their individual family environment could result in highly heterogeneous
outcomes for different siblings across different families. A transactional model can
be drawn upon to explain these differences (Bauminger & Yirmiya, 2001).
Associations among individual differences variables (e.g., temperament) and mental
health were explored in the present research, in an attempt to understand the
mechanisms which might underpin some of the observed heterogeneity in sibling
mental health outcomes. Future studies should continue to explore these associations,
replicating the results herein with larger samples. Acknowledging the heterogeneity
in sibling outcome by examining both siblings who do and do not go on to develop
mental health difficulties, alongside those who show resilience in the face of
significant risk factors, is crucial in learning more about mental health problems in
high-risk cohorts.
All research requires replication before firm conclusions can be drawn. To
date, there have been a small number of studies of high-risk sibling mental health
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conducted, with varying results. While further empirical work is still needed, a metaanalysis would also be useful for the field, at this stage, to summarise and quantify
the risk faced by siblings growing up in a family environment affected by ASD. This
summative approach would help to clarify the extent to which siblings are indeed at
higher risk for mental health difficulties and may elucidate possible moderator
factors.
The choice of comparison group across studies has been highlighted as
particularly important in drawing out genetic and environmental risk factors for
high-risk siblings’ mental health (Bauminger & Yirmiya, 2001). For example,
adoption studies can help in separating out environmental and genetic contributions
(Bauminger & Yirmiya). The current study compared siblings at high familial risk
for ASD to an age- and developmentally-equivalent low-risk comparison group of
toddlers (i.e., with no such family history of ASD). It also compared the mental
health of siblings both with and without their own ASD diagnoses to partly account
for some of the likely increased genetic risk for mental health difficulties conferred
on the basis of toddlers’ own developing ASD symptoms (see Benson & Karlof,
2008). High-risk sibling mental health research has used a variety of comparison
groups, and at other times simply compared obtained results to available normative
data, rather than recruiting a specific comparison group. For example, the future
inclusion of a developmentally delayed comparison group, rather than a low-risk
control group of toddler-aged siblings of typically developing children, may help to
separate out the impact of ASD from the potential effects of comorbid
developmental delays that are often present. In addition, the inclusion of a
comparison group of older siblings with mental health/behaviour problems but
without ASD, may be useful in separating out the specific influences of ASD
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symptomatology and mental health problems on younger siblings’ mental health.
The inclusion of varied comparison groups in future research would likely make a
valuable contribution to deepening our understanding of mental health difficulties
among high-risk siblings.
Longitudinal research can be useful in identifying potential predictors of a
given outcome variable, such as mental health difficulties. Whilst the level of some
baseline variable, such as parent stress, can show predictive value for a child’s
mental health difficulties measured some time later, it remains that true causation
cannot be inferred. Statements about causation can only be made in experimental
designs, with random assignment of participants, for example, to ‘low’ and ‘high’
parent stress groups, and measurement of mental health difficulties after a period of
time. When investigating real world issues, such as mental health among toddlers, it
is not possible to conduct such experimental studies. Hence our conclusions must be
drawn from the body of cross-sectional and longitudinal studies which observe,
rather than manipulate, key variables of interest. However, randomised controlled
trials can be employed to determine whether intervening for specific risk factors
demonstrates the anticipated impact on toddler mental health, given a particular
theoretical model derived from observational data such as those reported here. For
example, high-risk toddlers could be randomised into three groups: a no intervention
control group, a group receiving intervention for parent mental health problems, and
another group receiving intervention for older sibling mental health problems.
Results from such studies would show whether intervening for such environmental
risk factors is effective in reducing mental health difficulties in young toddlers, over
and above no intervention. Further, these studies would determine which style of
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intervention (i.e., parent vs. older sibling mental health intervention) is most
effective in reducing mental health difficulties in younger siblings.
Many studies of high-risk siblings also suffer from small sample sizes, which
may reduce power to detect significant effects. In the present study, despite the
constraints of the relatively small sample, robust group differences with moderate to
large effect sizes were apparent. In addition, this study compared a key group of 2year-old high-risk siblings to a chronological- and developmental-age equivalent
low-risk comparison group. This controls for some of the variability across different
developmental ages and stages that presents in other studies utilising samples with
widely varying age ranges (e.g., Benson & Karlof, 2008; Ross & Cuskelly, 2006).
Further, the identification of possible developmental stages and ages conferring
particularly heightened risk for mental health difficulties can only occur when
studies recruit more restricted samples, in terms of child age and developmental level,
such as in the present study. More studies are therefore needed to address this gap in
the literature.
The current study used parent-report for child variables such as temperament
and mental health, and self-report for parents’ own mental health. Whilst the
possibility of shared method variance should be acknowledged as a limitation of this
research, the consistent findings across high- and low-risk groups, and the moderate
to large effect sizes apparent for differences between the relatively small groups
indicate that shared method variance cannot completely account for the obtained
results. At this early stage of development, when children are not yet able to selfreport and many are not yet engaged in routine out-of-home care, the parent remains
the best informant. Additionally, parents who have a child with ASD may perceive
their younger child’s behaviour differently to parents where all children are typically
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developing. For example, parents of children with ASD may either under-report
mental health difficulties in their younger child as they are comparing their younger
child’s behaviour to that of their child with ASD. Conversely, they may over-report
mental health difficulties as they may be closely monitoring their younger child’s
behaviour. Such biases need investigation in the literature. Future studies, especially
when conducted with older children, should aim to employ multiple informants of
key variables, such as parent, teacher, and self-reports, when appropriate, of mental
health. This will assist in providing different perspectives on the functioning of the
child, increasing confidence in the validity of the results, and providing the
opportunity to identify whether any apparent difficulties are context specific or occur
more generally.
There is some overlap between the concepts of temperament and child
emotional and behavioural difficulties. Hence, the possibility of measurement
confounding between temperament and mental health measures should be
acknowledged. If temperament and mental health variables were very highly
correlated, this would suggest that measures are not independent. Data from this
study suggested that these variables were largely independent, since the highest
correlations observed were only moderate in magnitude. This was consistent with
data from Leve et al. (2005) who found similar sized correlations between the
Children’s Behavior Questionnaire (CBQ; Rothbart, Ahadi, Hershey, & Fisher,
2001), and the Child Behavior Checklist (Achenbach, 1991). Using a different
approach, after removing confounding items on the CBQ and Preschool Behavior
Questionnaire (PBQ; Behar & Stringfield, 1974), associations between temperament
and mental health variables were not affected (Lemery, Essex, & Smider, 2002).
Taken together, these results indicate that it is unlikely that measurement
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confounding is accounting for the significant relationships found between
temperament and mental health variables.
There was a high case rate of high-risk children with an ASD diagnosis in the
present study, which likely reflects a recruitment bias. In prospective studies of highrisk infant siblings, the case rate of ASD has been reported to be around 20% (e.g.,
Ozonoff et al., 2011), compared to the present study which found around half of the
high-risk sample to meet diagnostic criteria for an ASD. In most prospective studies
where the intention is to examine very behavioural or neurological markers of ASD
symptom onset, siblings are recruited early in infancy, typically before 6-months of
age, which is before parents have normally developed concerns about their child’s
development or behaviour. This current study, however, recruited children around
24-months of age, which may have resulted in a number of parents enrolling their
child in the study with the knowledge that they would receive ASD and
developmental assessment results during the study. A positive outcome of this
recruitment bias, however, was the outcome of approximately equal sample sizes of
high-risk siblings with and without ASD, allowing group differences in mental
health to be explored at this level of analysis. Despite this, future studies should aim
to adopt a prospective design, recruiting high-risk toddlers as close to birth as
possible, to minimise such recruitment biases.
A related point is the generalisability of the study. The sample of high-risk
siblings reported on herein represents a particularly cognitively able group, on
average, with few children considered to be developmentally delayed, and with an
over-representation of girls in the high-risk ASD group, which may have increased
the risk of internalising problems, for example. Research with children with ASD
identified via standard community-referral pathways indicates that around two in
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three children meet criteria for a comorbid intellectual disability (Dykens & Lense,
2011). Further, the presentation of ASD typically seen in this study was that at the
mild end of the autism spectrum. Prospective longitudinal studies recruiting children
close to birth should help to obtain a more representative sample of high-risk
toddlers, so that results can be generalised across children with varying cognitive
ability levels.
Conclusion
This study contributes to a growing body of literature on mental health in
toddlers who have an older sibling with ASD. It provides a downward extension in
age of previous studies into mental health in high-risk siblings by investigating this
issue in children as young as 2-years of age. Taken together, the results from the
three studies presented herein indicate that parents report elevated rates of mental
health difficulty in the toddler-aged younger siblings of their older children with
ASD, regardless of whether or not an ASD diagnosis is also apparent in this younger
child. Child temperament, although rated as more difficult among those high-risk
toddlers with ASD diagnoses compared to those without ASD and to low-risk
controls, was only found to predict concurrent 2-year-old internalising problems both
concurrently and prospectively to 3-years of age. Family environment factors,
including parent stress levels and the mental health problems of the older sibling,
were found to be important predictors of toddler mental health problems for younger
siblings of children with and without ASD, especially when the toddler was 2-years
of age. These findings highlight the importance of screening for mental health
difficulties in siblings of children with ASD, alongside the established need to screen
for signs of emerging ASD itself, early in toddlerhood, and for acknowledging the
impact of broader family environment factors for the mental health of young toddlers.

GENERAL&DISCUSSION&

250&

Early intervention and prevention approaches targeting family environment factors
may be beneficial for children growing up in family environments with and without
ASD.
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Ethics approval letter

RESEARCH SERVICES

MEMORANDUM
To:

Dr. Kristelle Hudry, School of Psych Sc, Faculty of Sc. Tech and Engineering
Ms. Katherine Crea, School of Psych Sc, Faculty of Sc. Tech and Engineering

From:

Secretary, La Trobe University Human Ethics Committee

Subject:

Review of Human Ethics Committee Application No. 11-074

Title:

Wellbeing and emotional adjustment in toddlers

Date:

21 December 2011

Thank you for your recent correspondence in relation to the research project referred to above.
The project has been assessed as complying with the National Statement on Ethical Conduct in
Human Research. I am pleased to advise that your project has been granted ethics approval and
you may commence the study.
The project has been approved from the date of this letter until 30 June 2014.
Please note that your application has been reviewed by a sub-committee of the University Human
Ethics Committee (UHEC) to facilitate a decision about the study before the next Committee.
meeting. This decision will require ratification by the full UHEC at its next meeting and the UHEC
reserves the right to alter conditions of approval or withdraw approval. You will be notified if the
approval status of your project changes. The UHEC is a fully constituted Ethics Committee in
accordance with the National Statement on Ethical Conduct in Research Involving HumansMarch 2007 under Section 5.1.29.
The following standard conditions apply to your project:
Limit of Approval. Approval is limited strictly to the research proposal as submitted in
your application while taking into account any additional conditions advised by the UHEC.
Variation to Project. Any subsequent variations or modifications you wish to make to
your project must be formally notified to the UHEC for approval in advance of these
modifications being introduced into the project. This can be done using the appropriate
form: Ethics - Application for Modification to Project which is available on the Research
Services website at http://www.latrobe.edu.au/research-services/ethics/HEC_human.htm.
If the UHEC considers that the proposed changes are significant, you may be required to
submit a new application form for approval of the revised project.
Adverse Events. If any unforeseen or adverse events occur, including adverse effects
on participants, during the course of the project which may affect the ethical acceptability
of the project, the Chief Investigator must immediately notify the UHEC Secretary on
telephone (03) 9479 1443. Any complaints about the project received by the researchers
must also be referred immediately to the UHEC Secretary.

Withdrawal of Project. If you decide to discontinue your research before its planned
completion, you must advise the UHEC and clarify the circumstances.
Annual Progress Reports. If your project continues for more than 12 months, you are
required to submit an Ethics - Progress/Final Report Form annually, on or just prior to
12 February. The form is available on the Research Services website (see above
address). Failure to submit a Progress Report will mean approval for this project will
lapse. An audit may be conducted by the UHEC at any time.
Final Report. A Final Report (see above address) is required within six months of the
completion of the project or by 31 December 2014.
If you have any queries on the information above or require further clarification please contact me
through Research Services on telephone (03) 9479-1443, or e-mail at:
humanethics@latrobe.edu.au.
On behalf of the University Human Ethics Committee, best wishes with your research!

Ms Barbara Doherty
Administrative Officer (Research Ethics)
University Human Ethics Committee
Research Compliance Unit / Research Services
La Trobe University Bundoora, Victoria 3086
P: (03) 9479 – 1443 / F: (03) 9479 - 1464
http://www.latrobe.edu.au/research-services/ethics/HEC_human.htm
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Recruitment flyer

Wellbeing and Emotional
Development in Toddlers
Have you ever wondered how having brothers or
sisters influences the wellbeing and emotional
development of your younger child?

WHO CAN PARTICIPATE?
Families who have a young child who has just turned
2, or will be turning 2 in 2012, who has either:
• An older sibling/s with an Autism Spectrum
Disorder (including Autism, Asperger’s, ASD etc) or
• An older sibling/s who is typically developing
(i.e., there is no ASD in the family)

WHAT’S INVOLVED?

FOR MORE INFORMATION
Or to get involved, please contact:
Kat Crea
Doctor of Clinical Psychology Candidate

Olga Tennison Autism Research Centre
Ph (03) 9479 3271 (please ask for Kat)
Email: kn2crea@students.latrobe.edu.au

UHEC Approval No. 11-074
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Participant information statement

Faculty of Science, Technology & Engineering
School of Psychological Science

Olga Tennison Autism Research Centre
Bundoora, Victoria 3086 Australia
T +61 3 9479 2497
F +61 3 9479 1956
E otarc@latrobe.edu.au
www.latrobe.edu.au/otarc

Participant Information Statement
WELLBEING AND EMOTIONAL DEVELOPMENT IN TODDLERS
Dr. Kristelle Hudry, Associate Professor Cheryl Dissanayake, Ms. Katherine (Kat) Crea,
Dr. Josephine Barbaro & Ms. Lindsay Pamment
UHEC Approval No.: 11-074

What is this study about?
We are interested in exploring the development of wellbeing and emotional adjustment in
children who have an older sibling, where the older sibling has an Autism Spectrum Disorder
(ASD), and where all children in the family are developing typically (i.e., there is no ASD in
the family or close relatives). We want to explore how growing up with an older sibling with,
or without, an ASD might influence younger siblings’ development, and find out what predicts
healthy development, in particular emotional adjustment and wellbeing.
Little is currently known about emotional adjustment and wellbeing in the first few years of life
in children who have an older sibling with an ASD. In typically developing children, exposure
to positive and stressful events and experiences have been found to influence children’s
emotional adjustment and wellbeing. This study seeks to explore the specific factors that
influence emotional adjustment and wellbeing in children who do, or do not, have an older
sibling with ASD. We invite you to help us find out more!
Who can participate?
We seek parents (or primary caregivers) of young children currently aged 2 years (up to 30
months), or who will be turning 2 in 2012, who have either:
• An older sibling/s with Autism Spectrum Disorder (including Autism, Asperger’s, ASD,
etc.), or
• An older sibling/s who is developing typically (i.e., there is no ASD in the family or in
close relatives)
The study will involve participation when your child is 2 years old, and again one year later,
when your child is 3 years old. In families where one child has ASD, we would also like to
conduct some standardised assessments with your child who as ASD.
What will participation involve?
Research testing sessions will last 2 to 3 hours, depending on your child’s attention and
mood, and will be structured to best suit your child’s needs. We will ask some general
questions about your family and child, and ask you to fill out some questionnaires about
yourself and your children. We will do some standardised behavioural and learning
assessments with your child. We will also do some activities with you and your child, to find
out how your child manages everyday events and situations, such as helping you clean up
toys after having a play together. We expect that you and your child will find the activities fun
and we think that parents will be interested to learn more about their child’s development.
We will ask your permission to videotape the session activities so that we may re-watch them
later.
For families where one child has ASD, we will also conduct some standardised assessments
with your child to assess their ASD. If you prefer, this can occur at a separate visit to your
younger child.

How are participants being recruited?
We are advertising this study via the Olga Tennison Autism Research Centre (OTARC)
research database, in OTARC publications, on social networking and other websites, through
professional networks (e.g., Amaze) and word of mouth, in flyers around La Trobe University,
childcare centres and preschools, at the La Trobe University Community Children’s Centre,
and other local services for families of young children with Autism Spectrum Disorders (e.g.,
Irabina Childhood Autism Services and Bulleen Heights School). We will also invite
participants from the Swinburne Early electrophysiological, eye-tracking, and behavioural
markers of Autism Spectrum Disorder in young infants study to take part in this project when
they come to La Trobe University for their 24 month visit as part of the Swinburne University
study. Before participating, we ask parents to read this information statement and ask us any
questions. If you choose to participate in the study, we will ask you to fill in and sign a written
consent form
How will my data be used and kept confidential?
We will not write your own or your child’s name on anything we collect from you, apart from
the consent form (which will be kept securely by the Principal Investigator/Supervisor, Dr.
Kristelle Hudry). After your visit, your paperwork and video footage (digital/DVD copies) will
also be kept securely in either the OTARC offices or the office of Dr. Hudry. Your video
footage will only be seen by researchers involved in this study or by future researchers or
students involved with Dr. Hudry. Future students supervised by Dr. Hudry may also use
your data at a later date. Results of this study will be included in Doctoral research theses,
published in scientific journals/books, and presented at conferences in de-identified format.
We are happy to share the study results with you, once it is finished. We can also provide
you with a summary of your individual child’s performance on the standardised assessments.
Please indicate whether you would like this to happen in the relevant sections of the consent
form.
Are there any risks?
Participating in this study has no risks for you or your child. You can stay with your child
during the session, and all researchers have valid Working with Children Checks, which you
may ask to see. If you have concerns at any point, please speak to the researchers, or
contact Dr. Kristelle Hudry, who will be happy to listen to your concerns and answer any
questions you may have.
What if I change my mind?
You have the right to withdraw from active participation in this project after any given visit
and, further, to request that data arising from your participation are not used in the research
project (provided that this right is exercised within four weeks of participation in any given
visit). You are asked to complete the Withdrawal of Consent Form or notify a researcher by
email or telephone that you wish to withdraw consent for your data to be used in this project.
If you decide to withdraw from the project, this will not affect your relationship with La Trobe
University or any future care your child might receive.
What do I do now?
Thank you for taking the time to read this information statement and consider participating in
this study. To ask any questions or to make an appointment to participate, please get in
touch with us:
Olga Tennison Autism Research Centre (OTARC): 9479 3271 (please ask for Kat)
Email: kn2crea@students.latrobe.edu.au
If you have any queries or concerns the researchers have not been able to answer to your
satisfaction, you may contact the Secretary, Human Ethics Committee, Research Services,
La Trobe University, VIC, 3086, (ph: 03 9479 1443), Email: humanethics@latrobe.edu.au.
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Appendix D

Consent form

Faculty of Science, Technology & Engineering
School of Psychological Science

Olga Tennison Autism Research Centre
Bundoora, Victoria 3086 Australia
T +61 3 9479 2497
F +61 3 9479 1956
E otarc@latrobe.edu.au
www.latrobe.edu.au/otarc

Consent Form
WELLBEING AND EMOTIONAL DEVELOPMENT IN TODDLERS
Dr. Kristelle Hudry, Associate Professor Cheryl Dissanayake, Ms. Katherine (Kat) Crea,
Dr. Josephine Barbaro & Ms. Lindsay Pamment
UHEC Approval No.: 11-074

I, (the participant), have read (or had read to me) and understood the Participant Information
Statement and Consent Form and any questions I have asked have been answered to my
satisfaction. I agree to participate in the project with my child/ren, realising that we may
withdraw at any time (up to four weeks following our participation in any given visit) and request
that no data arising from our participation are used. I agree that research data provided by me
or my child or with my permission during the project may be included in a thesis, presentations
(e.g., at a conference), and published in journals on the condition that neither my own/my
child/ren’s name nor any other identifying information is used.
Parent’s Name:

Children’s Names:

Signature:

Date:

I agree also to the assessment session being audio- and videotaped, on the
condition that recordings will only be viewed by researchers involved in this
study or by future researchers or students involved with Dr. Hudry.
Name of Researcher taking consent:
Signature:

Date:

Principal Investigator/Supervisor: DR KRISTELLE HUDRY
Please indicate whether you consent to any/all of the following, and provide your contact details:
I wish to receive a copy of the overall study results, once available.
I wish to receive a report on my child’s individual performance in the assessment tasks.
I wish for my details to be added to the database of the Olga Tennison Autism Research
Centre and Child Development Unit, for potential participation in future research.
I am happy to receive correspondence via email (please provide email address below)
Email address:
Phone numbers: Home:
Postal Address:

Mobile:

Work:

