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Abstract

Adaptive behavior in autism is highly variable and strongly related to prognosis. This study explored
family history as a potential source of variability in adaptive behavior in autism. Participants included
77 individuals (mean age=18) with average or better intellectual ability and autism. Parents
completed the Family History Interview about the presence of broader autism phenotype symptoms
and major psychiatric disorders in first degree relatives. Adaptive behavior was assessed via the
Vineland Adaptive Behavior Scales (VABS). Based on family history variables, age, and intelligence
quotient (1Q), 87% of participants were correctly classified as having impaired or average VABS
scores. Family history of depression and shyness accounted for the most variance in VABS scores,
and they had the greatest influence on VABS Socialization scores in particular. Possible underlying
mechanisms include genetics, psychosocial factors, and social resources. This study provides initial
evidence of the importance of family history to adaptive behavior in autism and has implications for
genetics and treatment.
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Introduction

Autism is a pervasive developmental disorder (PDD) defined by impairment in reciprocal
social interaction, delayed and/or stereotyped communication, and restricted or repetitive
behaviors and interests (American Psychiatric Association, 2000). PDDs are present in as many
as 1 in 150 individuals (Centers for Disease Control, n.d.). Conceptualization of autism has
dramatically changed over the past 20 years and it is now well-recognized that there is
enormous variability in the expression of autism (Szatmari et al. 2002). Whereas it was
previously believed that 70% or more of individuals with autism also had mental retardation
(Rapin 1991), more recent estimates suggest that nearly half of individuals with autism may
have an average or better intelligence quotient (IQ; Chakrabarti and Fombonne 2005). Another
aspect of autism that makes it heterogeneous is that there is a wide range in terms of types and
severity of symptoms (Rapin 1991; Rutter and Schopler 1987). This extreme variability has
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complicated the field’s understanding of how underlying brain mechanisms, genetics,
environmental, and developmental factors interact in the etiology of autism.

Variability in autism is often quantified in terms of level of adaptive behavior skills, which are
a multidimensional set of skills that provide an index of how an individual is able to function
in the environment (Oswald and DiSalvo 2003). The vast majority of studies indicate that
adaptive behavior skills in autism are lower than what would be expected for a given IQ and
lower than 1Q-matched controls (Bolte and Poutska 2002; Fenton et al. 2001). In general, the
difference between 1Q and adaptive behavior is greatest in samples of individuals with autism
who are verbal and have average or better IQs (commonly referred to as high-functioning
autism [HFA] e.g. Bolté and Poustka 2002; Liss et al. 2001). Most of the evidence suggests
that adaptive behavior deficits tend to become more pronounced with increasing age (Fenton
etal. 2001; Klin et al. 2007), though this research has predominantly focused only on children
and adolescents.

Scores on the Vineland Adaptive Behavior Scale (VABS), the most widely used measure of
adaptive behavior in autism, can range from four standard deviations below the mean to more
than two standard deviations above the mean in populations of autism both with and without
comorbid mental retardation (e.g. Klin et al. 2007; MacLean et al. 1999). The importance of
adaptive behavior variability in autism is underscored by its strong contribution to prognosis
(Gillham et al. 2003). Identifying sources of variability in adaptive behavior is critical to
obtaining a more complete picture of development in autism as well as identification of
treatment targets.

The first studies that attempted to identify developmental factors influencing adaptive behavior
variability in autism produced initial evidence of a familial influence on VABS scores among
siblings with autism spectrum disorders (Goin-Kochel et al. 2008; MacLean et al. 1999;
Szatmari et al. 1996). Importantly, each study found significant intra-class correlations in
support of reduced familial variance for VABS scores (Goin-Kochel et al. 2008; MacLean et
al. 1999; Szatmari et al. 1996). This research suggests that some aspect of families may
influence VABS variability, though the specific mechanism of influence is unclear.

Psychiatric family history is one important aspect of family functioning. Studies support the
presence of related but milder characteristics, known as the Broader Autism Phenotype (BAP),
in family members of individuals with autism (Piven 1999). Specifically, rates of BAP in
families have varied from 12 to 50% across studies (e.g. Pickles et al. 2000; Piven and Palmer
1999). There are extremely high rates of psychiatric disorders, particularly affective (mood
and anxiety) disorders, in both first degree relatives and extended family members of
individuals with autism. Both BAP symptoms and affective disorders are present in families
of children with autism at rates significantly higher than both the general population and
families of children with other developmental disabilities (Bolton et al. 1998; Piven et al.
1991). The impact of such family history factors on proband vulnerability to autism or
presentation is not yet entirely clear.

A relationship between family history factors and the child’s adaptive functioning is plausible
given evidence of familial resemblance for VABS scores in affected siblings. The primary aim
of this study was to clarify whether adaptive behavior in individuals with autism is related to
family history characteristics of first degree relatives, such as depression or BAP symptoms.
It was expected that family history information would account for a significant amount of
variance in adaptive behavior in probands with HFA. This study focused on higher-functioning
populations given more pronounced gaps between 1Q and adaptive behavior in HFA and the
importance of identifying factors to better understand why higher 1Q does not necessarily
translate into higher adaptive skills.
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Participants in this study included 77 individuals with HFA (referred to as the proband
participant) and at least one biological parent. Family history information was gathered on the
first degree relatives of the individual with HFA. Demographic data are provided in Table 1.
A wide age range was included (8-39 years old) in order to be able to explore and account for
age effects in awider age range than previous studies. All participants had Full Scale and Verbal
IQ scores above 70 (i.e. did not have mental retardation) based on the appropriate Wechsler
intelligence scale for the participant’s age. All participants spoke in complete sentences.
Previous studies that included individuals with mental retardation found that family history
patterns do not differ based on proband 1Q (Starr et al. 2001). Potential subjects were excluded
from the current study if they had associated neurologic, genetic, infectious, or metabolic
disorders, such as tuberous sclerosis, fragile-X syndrome, or fetal cytomegalovirus infection.

All proband participants met criteria for autism on the Autism Diagnostic Observation
Schedule (ADOS: Lord et al. 2000) for the Reciprocal Social Interaction, Communication, and
Total algorithm scores. In addition, all participants met cutoffs for autism on the Autism
Diagnostic Interview—Revised (ADI-R; Lord et al. 1994) for Reciprocal Social Interaction,
Communication, and Restricted, Repetitive, and Stereotyped Behaviors and had abnormal
development before 3 years of age. The diagnosis of autism established on the basis of the
ADI-R and ADOS was verified by expert opinion based on accepted clinical descriptions of
HFA (Minshew 1996; Minshew and Payton 1988; Rapin 1991; Rutter and Schopler 1987). A
participant with ADI-R and ADOS scores above the cutoffs for autism could be ruled out on
the basis of expert opinion, but expert opinion could not override ADI-R or ADOS scores that
fell below the cutoff. The participants with autism were community volunteers recruited
through advertisements in newsletters, postings on autism-related websites, and presentations
for parents and professionals. The sample was based on consecutive referrals that met the
inclusion criteria.

The University of Pittsburgh Institutional Review Board approved this study. Procedures were
fully explained to all participants and to their parents or guardians. Written informed consent
and assent was obtained from parents and children, respectively. All participants were recruited
through the Subject Core of the University of Pittsburgh Collaborative Program of Excellence
in Autism funded by the National Institute of Child Health and Human Development (PI:
Minshew).

Vineland Adaptive Behavior Scales (VABS)—The VABS Survey form was
administered to parents as a measure of how many age-appropriate, socially adaptive behaviors
a child exhibits. It is a well-recognized instrument, with demonstrable reliability and validity
both for individuals who are typically developing and those with disabilities (Sparrow et al.
1984). It is also the preeminent measure for the assessment of adaptive functioning in children
with autism (Newsom and Hovanitz 1997). Three VABS skill domains were used in this study:
Communication (receptive, expressive, and written language skills), Daily Living skills
(personal self-care, domestic, and community living skills), and Socialization (interpersonal,
play or leisure, and coping skills). The VABS provides standard scores (m=100, SD=15) and
higher scores indicate better functioning.

Family History Interview for Developmental Disorders of Cognition and Social

Functioning (FHI)—At least one informant (either the mother or father of the proband) was
interviewed with the FHI, which was designed to provide standardized data on developmental
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disorders, social impairments, cognitive deficits, and psychiatric disorders in family members
of individuals with PDDs (Rutter and Folstein 1995). It was developed and revised over 8
years. It uses an investigator-based approach that involves structured, operationalized coding.
A coding of ‘2’ means that the precise criteria as specified in the schedule have been met; a
coding of ‘1’ for ‘probable’ is used when the sufficient detail is unavailable to say that the
criteria are certainly met, but it is highly likely; and, coding of ‘0" refers to normal functioning,
mild abnormalities of the type specified but below the severity threshold, and abnormalities in
the general domain (e.g. social relationships) but not of the type specified. The FHI has been
widely used in autism research (e.g. Bolton et al. 1994; Starr et al. 2001) and has demonstrated
validity (Fombonne et al. 1997; Rutter and Folstein 1995).

Analysis Plan

Results

Descriptives

Descriptive analyses were conducted to characterize variability in the data. Outliers were
identified. Outliers over three standard deviations from the mean were transformed to a score
of exactly three standard deviations over the mean in order to retain the participants’ extreme
status without having an undue influence on the conclusions (Tabachnick and Fidell 2006). To
discern patterns in participant VABS scores, we employed Cluster Analysis which is an
exploratory tool designed to reveal natural groupings within a dataset that would otherwise not
be apparent (Aldenderfer and Blashfield 1984; Borden and Barnett 1987). Cluster analysis has
produced useful taxonomies in health and medical research when a priori groupings are
unknown (e.g. Hartigan 1975). Cluster analysis works by using distance and similarity
measures to develop subgroups within the data that minimize within-group variance and
maximize between-group variance. Cluster analyses were based on log likelihood distance
measure and Schwarz’s Bayesian Criterion. Finally, we computed frequencies of family history
variables.

For analyses related to this study’s primary aim, several methods were employed to reduce the
possibility of Type I error, given the large number of family history variables. First, overall
rates of family history variables by family were utilized (e.g. the highest level of depression
in the family) rather than analyzing the presence of a disorder by family member. Second, only
those family history variables endorsed as probably or definitely present in at least 10% of the
sample (8 or more families) were included. This resulted in the use of the most prevalent
symptoms/disorders only, reduced the overall number of variables and tests, and reduced the
likelihood of outliers (e.g. families with a relatively rare symptom or disorder) skewing the
results. Finally, age, 1Q, and family history variables present in 10% or more of the population
were all entered into a hierarchical logistic regression to predict proband VABS clusters.
Follow-up hierarchical linear regression analyses were conducted to predict VABS domain
scores from only the family history variables that were significant in the previous analysis,
controlling for age and 1Q.

As can be seen in Table 1, there was great variability in proband VABS scores, with standard
deviations over 21 and standard scores ranging from 19 to 162 (VABS standardization
mean=100). Paired samples t-tests indicated that each VABS domain score was significantly
lower than Full Scale, Verbal, and Performance 1Qs (p=0.000 for each comparison, specific
results available upon request). Two-step cluster analysis of VABS domain scores indicated
that participant scores were best explained by two clusters. The first cluster included 46%
(n=32) of the sample; means for this cluster were average in each domain (Communication SS
mean=100, Daily Living SS Mean= 106, and Socialization SS mean=103). The second cluster
included 54% (n=38) of the sample; means for this cluster indicated impaired functioning in
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all three domains, with the lowest functioning in Socialization (Communication SS mean=78,
Daily Living SS Mean=72, and Socialization SS mean=63). Therefore, there were two distinct
clusters of adaptive functioning in this large sample of individuals with HFA—slightly less
than half of the sample had average functioning in all domains and slightly more than half the
sample had impaired adaptive functioning in all three domains.

Table 2 shows family history rates for all psychiatric disorders and BAP symptoms. Psychiatric
disorders were present in at least one 15t degree relative at rates ranging from 3% to 33% (e.qg.
OCD in 14% of families; depression in 33% of families). The most prevalent issues in rank
order were (1) depression, (2) worry, (3) anxiety, and (4) hyperactivity. Broader autism
phenotype symptoms were highly prevalent in families, ranging from nearly 50% of families
having a family member with extreme shyness to 4% having a family member with mental
retardation.

Relationship Between FHI and VABS

A hierarchical logistic regression was performed to predict VABS clusters. Age and 1Q were
entered in step one, followed by the family history variables present in at least 10% of the
sample. The overall model was significant y2 (15)=63.79, p=0.000 and accurately predicted
VABS cluster membership for 87% of participants (see Table 3). Significant predictors
included: Age (p=0.025), family history of autistic-like social dysfunction (p=0.048), family
history of shyness (p=0.020), and family history of depression (p=0.015).

As follow-up analyses, separate hierarchical linear regressions were conducted to predict each
VABS domain from the family history variables that were significant in the above analysis
(autistic-like social dysfunction, shyness, and depression), controlling for age and 1Q. Results
indicated differing patterns of significant predictors for each of the three domains (see Table
4). Only older age and lower 1Q were related to lower Communication scores. Lower Daily
Living scores were predicted by older age, lower 1Q, and a family history of depression.
Familial depression accounted for nearly half of the explained variance in Daily Living above
and beyond age and 1Q. Finally, Socialization scores were significantly predicted by the
presence of family history of depression and shyness only.

To facilitate interpretation of the above findings, the linear regression analyses were duplicated
using only parental family history variables (e.g. excluding siblings). The results were virtually
identical, with the same significant predictors, and magnitude and direction of effects (specific
results available upon request). In addition, analyses were conducted to rule out the possibility
that the above significant findings were an artifact of family history predicting symptom
severity, which may in turn predict adaptive behavior. In an effort to reduce multiple testing,
this extra analysis only focused on the family history factors that were significantly related to
adaptive behavior. Specifically, correlations were run between ADOS social totals, ADI social
totals, ADOS communication totals, and ADI communication totals (all used as indicators of
symptom severity) and parental history of depression, social dysfunction, and shyness. None
of the correlations were significant (p>0.05 in all cases, p values ranged from 0.17-0.98). The
magnitude of correlations was very small, ranging from 0.04 to —0.14.

Discussion

This study explored whether adaptive behavior in individuals with autism is related to the
family history characteristics of their first degree relatives. The results of this study confirmed
extremely high variability in adaptive behavior in autism, even among a more homogeneous
and higher-functioning sample of individuals who were verbally fluent and without mental
retardation. These findings further emphasize the importance of identifying salient
developmental influences on adaptive behavior functioning in autism. Our results replicated
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earlier findings that adaptive behavior deficits in the areas of daily living and communication
become more apparent with age (e.g. Klin et al. 2007) and provide initial evidence that this
pattern extends into adulthood. Our results also confirm that the difference between IQ and
adaptive behavior is significant even in high-functioning samples (Bolté and Poustka 2002;
Klinetal. 2007; Liss et al. 2001). Moreover, our results suggest that 1Q may not be as important
a predictor of adaptive behavior as family history variables. Specifically, 86% of participants
were correctly identified as falling into either an impaired or average VABS cluster based on
family history variables, age, and 1Q, but only family history variables and age were significant
predictors. These results are consistent with research suggesting a familial influence on
adaptive behavior in autism (e.g. Goin-Kochel et al. 2008). This is the first study, to our
knowledge, to testand demonstrate a relationship between family history and adaptive behavior
in autism.

Follow-up analyses revealed different significant predictors for the Communication, Daily
Living, and Socialization domain scores on the VABS domain. The only domain not
significantly predicted by family history variables was Communication, which was mostly
related to 1Q and was also influenced by age. These findings are consistent with earlier research
indicating that the adaptive behavior domain most linked to 1Q in HFA is Communication
(Klin et al. 2007). 1Q and age also explained a significant amount of variance in VABS Daily
Living scores, but a nearly equal amount of variance was explained by depression in family
members. The relationship between family history variables and adaptive behavior was most
prominent for Socialization, in that the only significant predictors were depression and shyness
in family members. This result supports earlier findings that the rate of growth in socialization
is not related to initial 1Q (Freeman et al. 1999) and points to family history variables as a more
important influence on social functioning. It is interesting that depression was the most
influential family variable, given the wealth of literature from typical child development
implicating parental depression in negative childhood adjustment (for review see Downey and
Coyne 1990; Goodman and Gotlieb 1999). Although the majority of this literature has focused
on child outcomes such as psychiatric disorders and behavioral problems, adapting these
models to explain the impact of family history on adaptive behavior in autism seems warranted.

There are many potential mechanisms that may underlie the link between family history factors
and adaptive behavior in HFA. Our results indicated that the key family history factors found
to influence adaptive behavior (depression, social dysfunction, and shyness) were not
correlated with autistic symptom severity, suggesting that the family history-adaptive behavior
relationship is not mediated by symptom severity. Figure 1, based on models of the influence
of maternal depression on childhood adjustment (e.g. Elgar et al. 2004;Goodman and Gotlieb
1999), demonstrates some other potential mediators. The model has been modified to include
specific pathways that may be particularly pertinent to explaining the link between familial
depression and socialization skills of individuals with autism. First, there may be a
unidirectional genetic susceptibility to poor socialization skills conferred by familial
depression. Second, genetics may indirectly impact child socialization by increasing risk for
comorbidity with depression and anxiety. This path is likely for two reasons: (a) Successful
emotion regulation is critical for the maintenance of an optimal state of arousal to meet
environmental demands in daily life and attend to appropriate social information (Laurent and
Rubin 2004), and (b) Evidence suggests extremely high rates of comorbid anxiety and
depression in autism (Leyfer et al. 2006). Third, psychosocial factors (e.g. modeling, parent—
child interactions, general family functioning, and environmental stress) may mediate the
relationship between familial depression and child socialization. The need for the family
members to make more of an effort in social interactions with the proband is increased given
the tendency for individuals with autism to have a greater level of disengagement, yet unlikely
to occur as frequently if the family member is depressed. This pathway may also work in the
reverse such that lower child socialization skills could lead to worse family functioning, more
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limited positive interaction, and greater environmental stress, which could increase familial
depression and shyness. Finally, social resources such as general economic strain and
availability of treatments are likely to influence both child socialization and familial
depression. Furthermore, depressed family members are less likely to utilize the resources that
are available, which could lead to poorer child socialization skills.

Several of the above mentioned hypothesized pathways may also explain the relationship
between familial shyness and proband socialization. The one primary exception with applying
the above model to familial shyness is that pathways are less likely to play a role from proband
socialization to familial excessive shyness. The likelihood of a more unidirectional pathway
from familial shyness to proband socialization even further implicates the potential role of
genetics. This hypothesis is supported by findings indicating that a “social motivation” variable
from a newly developed BAP measure, which is a very similar construct to the excessive
shyness variable measured by the FHI, is the most heritable BAP trait (Dawson et al. 2007;
Sung et al. 2005). Sung et al. (2005) concluded that social motivation may be a key variable
to stratify samples for gene mapping given its higher heritability overall. Our findings extend
the implications of this previous research, by suggesting that familial shyness/decreased social
motivation may pose a specific risk for the degree of proband impairment in social functioning.
Identifying such phenotypes with potential genetic relevance to variability in autism
presentation is critical, given the acknowledged complexity and heterogeneity of the genetic
pathway to autism (Bacchelli and Maestrini 2006) and the need for stratification techniques
that are likely to produce replicable genetic findings.

Potential limitations of this study should be considered when interpreting results. Given the
large number of family history variables and need to limit the number of tests, we were unable
to specifically explore Vineland subdomains (e.g. expressive language, receptive language)
and the impact of family history variables by family member (e.g. depression in mothers,
depression in sisters, etc). In addition, family history data was gathered from one family
member whereas it would be preferable to directly interview each member with a standardized
psychiatric interview. However, the FHI has been validated and has been widely and
successfully used in previous autism research (e.g. Bolton et al. 1994; Starr et al. 2001). We
did not have data available on potential influences on VABS domains such as the proband’s
history of treatment and whether or not he/she had a comorbid psychiatric disorder. Our study
employed a large age range, which we controlled for statistically. Although this could be
perceived as a weakness, it allowed us to explore the relationship between age and VABS into
adulthood whereas previous research on this relationship has only focused on participants 18
years of age and younger. Our results may not generalize to populations with autism and mental
retardation given our focus on HFA and future research is necessary to determine if patterns
of association differ between individuals with autism and mental retardation and those without.
Finally, we were not able to compare our data to controls to determine if the relationship
between family history and VABS scores is unique to or stronger in autism, which should be
explored in future studies due to important genetic implications.

Despite these limitations, this study provides initial and compelling evidence of the importance
of family history to VABS scores of individuals with autism and has several significant
implications. Family history is relevant to treatment approaches. Perhaps improvement in
socialization and daily living skills in particular would be greater if treatment models began
with assessment of family mental health and then more actively involved family members in
treatment rather than focusing solely on increasing the skills of the child with autism. Further
study is needed to clarify the mechanisms proposed in the above figure, but they also have
implications for treatment if confirmed. For example, if the pathway between parental
depression and proband socialization is mediated by psychosocial factors, interventions should
target increasing parent—child interactions and modeling of prosocial behavior, and decreasing
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environmental and household stress. Similarly, if the pathway related to social resources is
confirmed, perhaps families with depressed family members in particular would benefit from
increased case management efforts and facilitation of finding and using available treatments.

There are also several potentially interesting directions for future research. It will be important
for future research to measure and test the mediators we proposed in Fig. 1. Specifically, future
studies will need to determine how much the family environment, familial genetic
predisposition, or their interactions play a role in determining the adaptive functioning of the
family member with autism. Future research should explore more specific patterns of
association by including VABS subdomains and exploring family history variables by family
member. It would also be interesting to explore the impact of mental health state in terms of
the impact of current depression versus history of depression and the impact of recurrent
depression. Finally, it would be informative to compare the findings of the impact of family
history on VABS scores to the association between these variables in both typically developing
and other developmental disability populations.
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Co-morbidity

Child VABS
Socialization

Familial
Depression

Psychosocial
Factors

Fig. 1.

Hypothesized pathways between family history of depression and the Vineland Adaptive
Behavior Scale (VABS) socialization domain score of the family member with autism
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Table 1
Demographic and descriptive data
Mean (SD) Range

Age in years 18.08 (7.10) 8-39
Education (years)—Mom 14.46 (2.71) 3-22
Education (years)—Dad 15.45 (3.02) 10-26
SES? 3.36 (1.53) 1-7
Verbal 1Q 105.87 (13.44) 73-128
Performance 1Q 105.66 (15.90) 67-137
Full scale 1Q 106.49 (13.99) 74-135
Percent male 90.9%
VABS adaptive behavior composite SS 82.29 (21.77) 27-118
VABS communication SS 84.96 (22.08) 32-130
VABS daily living SS 91.14 (24.55) 19-153
VABS socialization SS 80.36 (25.51) 35-124

SES = socio-economic status, VABS = Vineland Adaptive Behavior Scales, SS = Standard Score (mean=100; SD=15)

aSES was determined based on methods from Hollingshead (1957). This average reflects middle-class status (e.g. administrative personnel, small business

owners)
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Table 2
Family history rates for presence of symptoms/disorders in any first degree relative
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Variable Percent probable (n) Percent definite (n) Total percent
Depression 20.8 (16) 13.0 (10) 33.8
Anxious worrying 18.2 (14) 13.0 (10) 31.2
Anxiety disorders (not including phobias) 15.6 (12) 10.4 (8) 26.0
Hyperactivity 13.0 (10) 9.1(7) 22.1
Obsessive-compulsive disorder 7.8 (6) 3.9() 11.8
Alcohol abuse 5.2 (4) 3.9(3) 9.1
Conduct disorder 5.2 (4) 3.9(3) 9.1
Antisocial personality disorder 5.2 (4) 3.9() 9.1
Drug abuse 3.9(3) 1.3(1) 5.2
Bipolar disorder 1.3(1) 1.3(1) 2.6
Shyness (to a degree that leads to withdrawal) 28.6 (22) 16.9 (13) 455
Oversensitivity to/misinterprets social comments 20.8 (16) 14.3 (11) 35.1
Impaired friendships/difficulty making friends 18.2 (14) 3.9(3) 22.1
Rigid or perfectionistic/bothered by change 14.3 (11) 6.5 (5) 20.8
Circumscribed and unusually intense interests 13.0 (10) 2.6 (2) 15.6
Poor conversation skills 10.4 (8) 3.9(3) 14.1
Autistic-like social dysfunction and isolation 13.0 (10) 0.0 (0) 13.0
Unusual beliefs 9.1(7) 1.3(1) 10.4
Lack of affection 9.1(7) 1.3(1) 10.4
Language delay 5.2 (4) 3.9() 9.1
Impaired social play 6.5 (5) 1.3(1) 7.8
Trouble with jobs because of social behavior 5.2 (4) 1.3(1) 6.5
Mental retardation 3.9(3) 1.3(1) 4.2
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