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ABSTRACT 
 

Autism has a known genetic linkage shown by increased prevalence of the 
syndrome in probands.  Research has shows that those who do not necessarily fit the 
clinical diagnosis of autism may display sub-threshold traits, referred to as the broader 
phenotype of autism.  This study looks at younger siblings of children with autism two 
times over the course of 1.5 years, with entry in the study at 12-23 months.  This group is 
compared to a control group of siblings of typically developing children.  68 children 
participated in this study (42 male, 27 female) in two groups Sibs-ASD (n=41) and Sibs-
TD (n=28). Groups are compared in language, cognitive, social performance and early 
predictive factors of later diagnosis. Results show that the Sibs-ASD show deficits at 
Time 1 in cognitive skill and social development, and have worse diagnostic outcomes 
than Sibs-TD.  Within the sibs-ASD group females scored higher than males in the areas 
of language and cognitive ability.  Early predictors of eventual autism spectrum diagnosis 
were found in lower performance on directing and requesting behaviors, expressive 
language and social skills.   



 3 

INTRODUCTION 

Autism is a developmental disorder that is defined by abnormal communication 

and social functioning, as well as the presence of restricted and repetitive behavior.  A 

child must display these symptoms by three years of age to be diagnosed as having 

autism (World Health Organization, 1992). Autism is primarily diagnosed using ICD-10 

(World Health Organization, 1992) or DSM-IV (American Psychiatric Association, 

2000) criteria and is often described as a spectrum disorder.  This means that those 

diagnosed with autism may vary significantly in terms of symptoms displayed and 

severity of those symptoms.  The spectrum of people with autistic disorders includes 

individuals with different levels of language ability and different levels of intelligence.  

Asperger’s Syndrome and Pervasive Developmental Disorder Not Otherwise Specified 

(PDD-NOS) are included on the autism spectrum. Autism Spectrum Disorders affect 

between 1/166 (Smalley, Asarnow, & Spence, 1988) and 1/150 of the population (CDC, 

2007) with a 3:1 male to female ratio of incidence (Hill & Frith, 2003).   

Much research has been done in attempt to find the cause of autism; however, no 

clear answers have been found to date.  There is a known genetic component shown by 

higher concordance rates of monozygotic twins (MZ) compared to dizygotic (DZ) twins 

(Dawson et al., 2002; Le Couteur, Bailey, Rutter, & Gottesman, 1989; Folstein & Rutter, 

1977).  MZ twins have concordance rates of autism ranging from 36-95%, but DZ 

concordance rates have been found to be significantly lower (Boutin et al., 1997). 

However, because the concordance rate of monozygotic twins is not 100%, we know that 

autism is not solely a genetic disorder.  Non-twin siblings of children with autism also 

have a higher risk of being diagnosed with autism than exists in the general population. In 
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their review, Smalley, Asarnow, and Spence (1988) found the recurrence risk of autism in 

siblings to be approximately 3%-8%, with the prevalence in the general population 50 to 

100 times less.   

The increased recurrence risk of autism in siblings has led to the design of 

longitudinal studies examining younger siblings of children with autism starting at ages 

before autism can be diagnosed (Cassel et al., 2007; Gamliel, Yirmiya, & Sigman, 2007; 

Georgiades et al., 2007; Presmanes, Walden, Stone, & Yoder, 2007; Sullivan et al., 2007; 

Toth, Dawson, Meltzoff, Greenson, & Fein 2007; Yamiya, Gamliel, Shaked, & Sigman, 

2006; Yirmiya & Ozonoff, 2007). This form of study allows researchers to collect 

prospective data for later analysis of early symptoms after a child has been diagnosed.   

From these longitudinal studies we know that younger siblings of children with 

autism show characteristics that differentiate them from younger siblings of typically 

developing children. Younger siblings of children with autism typically had worse 

receptive and expressive language skills at 24 and 36 months of age than siblings of 

typically developing children (Toth et al., 2007; Yirmiya et al., 2007).  Gamliel, Yirmiya, 

& Sigman (2007) found that cognitive skills of siblings of children with autism were 

significantly lower than those of siblings of typically developing children at 24 and 36 

months, but that differences disappeared by 54 months.  Toth et al. (2007) also found that 

IQ scores were lower for siblings of children with autism.  Social skills of younger 

siblings with autism may also be lower than social skills of younger siblings of typically 

developing children (Toth et al., 2007).   

Siblings and other relatives of children with autism often display the 

characteristics of autism to a lesser degree throughout life.  A child who displays sub-
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clinical levels of social and language impairment or restricted, repetitive behaviors is 

considered to have the “broader autism phenotype.”  Many siblings and relatives of 

children with autism are considered to exhibit this broader autism phenotype, even 

though they have not been diagnosed with autism (Constantino & Todd, 2005; Pickles et 

al., 2000).  Even within a single family in which two children are diagnosed with autism, 

whether or not they are twins, the siblings often display varying degrees of severity and 

different relative strengths and weaknesses (Le Couteur et al., 1996; Spiker et al. 1994;).  

Siblings who do not meet the full clinical criteria autism but are part of the broader 

phenotype typically display social and communicative impairments, but not repetitive 

behaviors in isolation (Bailey, Palferman, Heavey, & Le Couteur, 1998).   

 Research shows that some parents of children with autism may also display 

aspects of the broader autism phenotype.  Parents of children with autism may display 

general or specific cognitive, mental, and/or social impairments.  Boutin et al. (1997) 

found a 17% rate of parental cognitive impairments (i.e. learning disabilities, language 

delay, or autism) in parents of children with autism.  Degree of parental social 

impairment has been shown to be correlated with offspring social impairment.  If a child 

has two parents who score in the top 25% on the standardized Social Responsiveness 

Scale, an indication that the parents are socially impaired, the child is more likely to have 

social impairments that are severe enough to warrant a clinical diagnosis of autism 

(Constantino & Todd, 2005) than a child whose parents are not socially impaired.  

Research looking at the prevalence of psychiatric disorders in parents of children with 

autism has found some significant patterns.  Family history, case-control, and large scale 

register-based studies have all examined which parental mental disorders correlate with 
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offspring autism spectrum diagnosis. Parental diagnosis of obsessive compulsive 

disorder, schizophrenia, and depression have all been linked to higher rates of autism in 

offspring (Bailey, Palferman, Heavey, & Le Couteur, 1998; Bolton, Pickles, Murphy, & 

Rutter, 1998; Larsson et al., 2005; Lauritsen, Pedersen, & Mortensen, 2005).   

 Although much research has been done on the families of autism probands-- the 

clinically affected child in the family--familial risk factors, and the display of the broader 

phenotype in relatives, there are many limitations to the extant research.  Differences in 

procedure and type of study make comparing studies difficult.  Furthermore, the current 

understanding of autism is still constantly evolving.  It is a complex disorder that 

manifests itself in a variety of ways and to varying degrees of severity.  Because of this, it 

is difficult to isolate risk factors and to conclude that a correlation found between parents 

and children is unique to autism as a whole or just one of the aspects (social, 

communicative, cognitive) that all interplay in an autism diagnosis.  Even with the 

broadening of the definition of autism, it is still a disorder that strikes a relatively small 

percentage of the population.  This makes finding the large samples needed for a reliable 

study difficult.  This becomes even more of an issue when you try to look at the even 

smaller population of twin pairs and siblings with autism.  Finally, because autism 

spectrum disorders are so complex and vary from one child to the next, finding 

appropriate control groups is difficult.  Typically developing groups as well as groups 

with mental retardation, Down’s syndrome, or developmental delays have previously 

been used.    Along with the issue of choosing control groups comes the issue of isolating 

cause and effect.  For example, if a study showed that a group of parents of children with 

autism had lower verbal skills than a group of parents of typically developing children, it 
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would be difficult to tell if this risk was unique to autism or might also be seen in parents 

of children with other disorders.   

 This study will attempt to look at the development of broader phenotypic 

characteristics in younger siblings of children with autism.   Previous research has 

typically looked at siblings of children with autism at a single time point or relied on 

information collected from parents about developmental histories. Further, most of these 

studies have looked at children over eight years old.  This study attempts to give insight 

into the development of siblings by collecting longitudinal data in a lab setting over the 

course of two years.  Younger siblings entered the study between the ages of 12 and 23 

months.  By measuring children at such a young age, prior to when autism is typically 

diagnosed, we were able to see if children with family histories of autism look different 

from typically developing children and, if so, when these differences first become 

apparent and what exactly these differences may be.   

 Looking at children at risk for autism and broader phenotypic characteristics at a 

young age is important for their future outcomes.  Previous research in autism and a 

variety of other developmental disorders has clearly shown the benefits and importance 

of early intervention.  Identifying early warning signs of future weaknesses in social and 

language skills will allow for early intervention, and hopefully better outcomes.  By using 

a variety of different measures in a lab setting, we will be able to understand specific 

deficiencies and symptoms of children with family histories of autism.  The prospective 

design used will allow for more accurate data than that collected from retrospective 

parent interviews or home videos used in previous studies.  
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 The purpose of this study is to examine whether younger siblings of children with 

autism look different, as a group, from siblings of typically developing children and 

whether children with family history of autism have worse outcomes than children 

without a family history of autism.  Additionally, based on prior research showing gender 

differences in the incidence of autism, we aim to examine whether males with a family 

history of autism are at higher risk for a future diagnosis of autism or show more 

symptoms of the broader autism phenotype. This study will specifically look to test the 

following four hypotheses: Hypothesis 1: As a group, children with family histories of 

autism spectrum disorders (i.e., younger siblings of children with autism spectrum 

disorders) will have weaker social and language skills than children without a family 

history of autism (i.e., younger siblings of typically developing children) at the first and 

last times they are observed in the study; Hypothesis 2: Children with a family history of 

autism will have worse outcomes and will be more likely to be diagnosed with a 

developmental disorder; Hypothesis 3: A stronger family history of autism (i.e., more 

first degree relatives with autism spectrum disorders) would render younger siblings 

more likely to show social and language delays at the first and last times they are 

observed in the study; Hypothesis 4: Certain types of symptoms in first degree relatives 

will be more associated with impairments in younger siblings relative to other types of 

symptoms.  Additionally, data were examined for gender effects and factors that were 

predictive of eventual outcomes.  
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METHODS 

 

 Participants 

This study used a subset of data from an ongoing longitudinal study conducted by 

Wendy Stone, Ph.D. following younger siblings of children both with and without an 

autism spectrum disorder over the course of 1.5 years at five time points. Participants 

were recruited into two groups: younger siblings of children with autism spectrum 

disorders (Sibs-ASD) and a control group of younger siblings of typically developing 

children (Sibs-TD). Inclusion criteria for children in the Sibs-ASD group were as 

follows: 1) An older sibling with a diagnosis of autism or PDD-NOS as determined by 

DSM-IV-TR, ADI-R or ADOS-G criteria; 2) Absence of severe motor or sensory 

impairments; 3) Absence of identified metabolic, genetic, or progressive neurological 

disorders.  Inclusion criteria for the Sibs-TD group were as follows: 1) An older sibling 

with typical development; 2) Mental age score (MA) no more than 25% below their 

chronological age; 3) No family history of autism or mental retardation in their first 

degree relatives; 4) Absence of severe motor or sensory impairments; 5) Absence of 

identified metabolic, genetic, or progressive neurological disorders.  Children were 

enrolled in the study and completed their first session between the ages of 12-23 months 

(mean age = 16 months).  Following enrollment participants came back to the lab every 4 

months for a total of 5 sessions.  This study included only participants who had 

completed both their first and fourth sessions to allow outcome analyses; in a few cases, 

if the child had reached the fifth session, diagnostic outcome data was used from that 
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session.  Participants returned for their fourth session between the ages of 23-37 months 

(mean age = 29 months) 

The resulting sample consisted of 69 participants (42 male, 27 female) split into 

two groups, Sibs-ASD (n=41) and Sibs-TD (n=28).  The sample was 86% Caucasian, 3% 

African American, 3% Hispanic, and 8% multi-racial, with over 72% of mothers having 

completed 4 or more years of college.  The two groups did not differ on race, maternal 

education or chronological age at time 1 or 4.   

At the initial evaluation all children were evaluated with the Screening Tool for 

Autism in Two-Year-Olds (STAT) (Stone et al., 2000), Childhood Autism Rating Scale 

(CARS) (Schopler, Reichler & Renner, 1986), Social Behavior Checklist (SBC) ( Stone 

& Lemanek, 1990), MacArthur Communicative Development Inventory (MCDI) (Fenson 

et al. 1993), Mullen Scales of Early Learning (MSEL) (Mullen, 1995) and Detection of 

Autism by Infant Sociability Interview (DAISI) (Wimpory, Hobson, Williams, & Nash, 

2000).  Parents were asked to complete the Family History Form and Family Information 

Form.  At the fourth session, data was collected for Sibs-ASD on the STAT, MSEL, 

CARS, MCDI and Autism Diagnostic Scale-Generic (ADOS-G) (Lord et al., 2000), and 

for Sibs-TD on the STAT and MCDI.   Parents were asked to update the Family 

Information Form.  Diagnostic decisions were made by licensed psychologists who were 

experienced in the diagnosis of young children with autism.   
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Measures 

Parent Collected:   

Detection of Autism by Infant Sociability Interview (DAISI; Wimpory, Hobson, 

Williams, & Nash, 2000).  The DAISI is a semi-structured interview collected from 

parents.  The interview gathers retrospective information about the infant’s sociability 

before the age of two.  The items assess different types of social interactions, both dyadic 

and triadic.  Research has shown that when parents are administered the DAISI when 

their child is between the ages of two and four and has not yet been diagnosed with 

autism, scores differentiate the children into a subgroup with autism and a subgroup with 

developmental delays (Wimpory et al., 2000).  In this study, the DAISI was collected 

from parents of both the Sibs-ASD and Sibs-TD groups at the first session.   

MacArthur Communicative Development Inventory (MCDI; Fenson et al. 1993):  

The MCDI is a measure of childhood vocabulary.  This measure consists of a checklist 

filled out by parents.  The parent indicates both specific words that their child 

understands and words that their child says on the checklist. Levels of internal 

consistency for the MCDI have been reported to be adequate. (Fenson et al.,1993).  This 

measure will be administered to both groups at times 1 and 4. 

Social Behavior Checklist (SBC; Stone & Lemanek, 1990):  The SBC is a 

parental report measure of social behaviors.  This measure is an expanded version of the 

Preschool Social Behavior Checklist (Stone & Lemanek, 1990). The social behaviors 

measured are independent of the child’s language level.  Items are presented as 

statements and parents are asked to rate how true each particular statement is for their 

child on a 3-point scale where 0-almost never, 1-sometimes, 2-almost always. Scores 
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range from 0-60 with higher scores indicating more desirable social adaptive behavior.  

This measure was administered to both groups at the first session.   

Family Information Form:  At their initial evaluation, parents completed a form 

that included questions about parental occupation and educational history.  This 

information was used to calculate socioeconomic status according to Hollingshead's Four 

Factor Index of Social Status (Hollingshead, 1975).  This variable was used to describe 

samples, and not for analysis purposes.   

Family History Form: This measure was a semi-structured interview. The 

interviewer asked the parent for a family history on their immediate family, brothers and 

sisters (youngest to oldest), parents, grandparents and cousins. Parents were asked to 

describe any developmental or social difficulties these family members had as a child or 

if they have received special services in school, and as adults, did these family members 

have mental or emotional health problems such as depression, anxiety, OCD, 

schizophrenia, or Tourette’s Syndrome.  Answers were coded into seven categories: 

Autism Spectrum Disorder, Speech and Language Disorder, Other Developmental 

Disorder-Excluding Language, Obsessive-Compulsive Disorder, Other Mental Health 

Disorders, Unconfirmed Social Issues, and Typical.  Please see appendix for description 

of categories and list of non-examples and a sample family history form. 

Observational Measures: 

Mullen Scales of Early Learning (MSEL; Mullen, 1995): The MSEL is an 

observational measure collected when the child is in the lab. The MSEL measures 

cognitive function with four cognitive scales and a gross motor scale.  Only the four 

cognitive scales (i.e., visual reception, fine motor, receptive language, expressive 
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language) were administered. The MSEL was developed for use with children from birth 

to 68 months.  Test-retest reliability for the MSEL ranged from .71 to .79, and inter-

scorer reliability ranged from .98 - .99 across the scales (Mullen, 1995). The correlation 

between the MSEL composite and the Bayley Mental Development Index was .70, and 

correlations were found between specific cognitive scales and established tests of 

language development (Mullen, 1995).  The MSEL was administered to both Sibs-ASD 

and Sibs-TD at time 1 and Sibs-ASD at time 4. 

Childhood Autism Rating Scale (CARS; Schopler, Reichler, & Renner, 1986): The 

CARS is a 15-item observational scale that is used as a diagnostic measure for autism.  

CARS items assess behaviors relating to people, resistance to change, communication, 

and body use.  Each behavior is rated on a 4-point scale (including midpoints) according 

to its degree of abnormality and scores across the 15 items are summed to obtain a total 

score.  Total scores above 30 suggest the presence of autism.    Test-retest reliability for 

the total score is .88. (Schopler et al., 1986). The CARS has been found to be superior to 

other diagnostic instruments for autism in its discriminant validity (Teal & Wiebe, 1986) 

and other psychometric properties (Morgan, 1988). The total CARS score was used in the 

present project.  The CARS was administered to Sibs-ASD and Sibs-TD at time 1 and 

Sibs-ASD at time 4.   

Autism Diagnostic Scale-Generic (ADOS-G; Lord et al., 2000):  The ADOS-G is 

a semi-structured observational assessment of play, social interaction, and 

communicative skills that was designed as a diagnostic tool for identifying the presence 

of autism. It is organized into four modules each meant to be used with individuals 

functioning at different developmental levels, ranging from nonverbal children to highly 
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fluent adults. Each module provides a set of behavioral ratings and an algorithm that is 

used to diagnose autism and PDD-NOS/ autism spectrum disorder. Across all modules, 

inter-observer agreement for the algorithm score was .92, and the test-retest correlation 

was .82 (Lord et al., 2000). Agreement about diagnostic classification (autism vs. PDD-

NOS vs. non-spectrum) ranged from 81%-93% (Lord et al., 2000).  Modules 1 and 2 are 

used for this study. The ADOS-G will be administered to Sibs-ASD at visit 4.  

Screening Tool for Autism in Two-year-olds (STAT; Stone et al., 2000; 2004).  

The STAT is an observational measure used to differentiate young children at risk for 

autism spectrum disorders from non-autistic children with language or developmental 

delays. Items on the STAT were developed on the basis of their ability to differentiate 

between children with autism and controls developmentally-matched on mental age 

and/or developmental delay and language delay. The STAT consists of 12 items in the 

areas of play, imitation, and communication. The STAT is administered in a game-like 

manner and is usually completed in less than 20 minutes. The child and examiner sit 

near each other on the floor for the various tasks.  Previous research with the STAT has 

demonstrated strong screening properties as well as test-retest reliability, inter-observer 

agreement, and concurrent validity with diagnostic measures. Originally designed as a 

screening measure for children from 24 months through 35 months, the STAT has also 

been found to provide an excellent context for measuring social and communication 

behaviors and skills in children younger than 24 months. 

See Table 1 for Schedule of Measures 
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RESULTS 

 For between group comparisons at Time 1, the performance of the Sibs-ASD and 

Sibs-TD was assessed using the MSEL, STAT, DAISI, MCDI, CARS and SBC.  

Between group comparisons at Time 4 were only made on the STAT and MCDI, because 

these were the only measures collected for Sibs-TD at Time 4.  For within group 

comparisons of the Sibs-ASD group at Time 1, the MSEL, STAT, DAISI, MCDI, CARS 

and SBC were used.  The same measures were used for within group comparisons of the 

Sibs-ASD group at Time 4 with the addition of the ADOS-G. T-tests were used for these 

analyses. 

Hypothesis 1 was that children with family histories of ASD would have lower 

performance on measures of cognitive, language, and social communicative measures at 

times 1 and 4. At Time 1, significant group differences were found for the MSEL, CARS, 

and DAISI. On the MSEL, group differences were found for the Visual Reception subtest 

score, t(67) = -3.16, p=0.002, and for the overall MSEL Early Learning Composite (ELC) 

score, t(67) = -1.99; p = .05, with Sibs-ASD scoring significantly lower than Sibs-TD.  

On the CARS, Sibs-ASD scored significantly lower than Sibs-TD, t(67) = 2.93; p=0.005, 

suggesting that Sibs-ASD show more abnormal behaviors at Time 1. While group means 

both show CARS scores below the autism cutoff of 30 (Sibs-ASD = 19.01, SD = 5.01; 

Sibs-TD = 16.196, SD = .98), two children in the Sibs-ASD group scored above 30, 

while no children in the Sibs-TD group scored above a 19. Sibs-ASD also scored 

significantly lower on the DAISI than Sibs-TD t(67) = -2.35; p=0.023, indicating that 

children in the Sibs-ASD group show less desirable patterns of social interaction that 
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children in the Sibs-TD group.  There were no significant group differences on the STAT, 

MCDI, or SBC (see Table 3).  

At Time 4, there were no significant group differences on the STAT or the MCDI 

(the only measures available for both groups), indicating that Sibs-ASD did not have 

lower receptive or expressive vocabulary or more impaired social-communication skills 

than Sibs-TD at a mean age of 29 months.   

Hypothesis 2 was that children with a family history of autism will have worse 

outcomes than children without a family history of autism, and will be more likely to be 

diagnosed with a developmental disorder. Chi-square was used to compare groups on 

diagnosis at Time 4. Results revealed that the two groups did differ by diagnostic 

outcome at Time 4, χ2(4,  N = 68) = 11.25, p=0.024, with 32.5% of Sibs-ASD receiving 

some diagnosis ( N=13) (Autism, PDD-NOS, language delays, and developmental 

delays) and 0% of Sibs-TD receiving any diagnosis (see Table 3). 

 Hypothesis 3 was that a stronger family history of autism (i.e., more first degree 

relatives with autism spectrum disorders) would render younger siblings more likely to 

show social and language delays at time 1 and 4.  This hypothesis was unable to be tested 

due to the fact that only one Sib-ASD had more than one sibling with autism and no 

children had a parent with autism. Therefore, we looked at severity of family history in 

terms of proband diagnosis. Within the Sib-ASD group, children whose older siblings 

had a diagnosis of PDD-NOS or Asperger’s Disorder (N = 14) were compared with those 

whose siblings had a diagnosis of autism (N = 26) to see if proband diagnosis was 

associated with the child’s performance on the MSEL, STAT, MCDI, SBC, DAISI, and 

CARS at times 1 and 4. No group differences were found at Time 1 (see table 4). At 



 17 

Time 4,  significant group differences were found on the MSEL Fine Motor subtest scale,  

showing that, on average, siblings of children with autism scored lower than siblings of 

children with PDD-NOS or Asperger’s Disorder, t(36)=-2.91, p=0.006.  T-tests 

comparing sibling STAT scores showed no significant group differences (see table 5).  

For the Sibs-ASD group a chi-square examining the relation between proband diagnosis 

and the younger sibling’s eventual diagnostic outcome did not yield significant results.   

 

Hypothesis 4 was that certain types of symptoms in first degree relatives will be 

associated with impairments in Sibs-ASD.  This hypothesis was tested using the subset of 

Sibs-ASD with family history data available. Of the 69 participants, 51 participants (31 

male, 20 female) had family history data collected.  First chi-squares were used to 

examine whether any family history diagnoses (excluding ASD) were more prevalent in 

Sibs-ASD compared to Sibs-TD. 14 Sibs-ASD and 7 Sibs-TD had a family history of 

some developmental or psychiatric disorder (see table 7). No significant results were 

found.  Next, separate chi-squares were tested for each diagnostic category. Results 

approached significance for speech and language disorders, χ2 (3, N=51) =7.75, p= 0.052, 

with more Sibs-ASD showing a family history of speech and language disorders than 

Sibs-TD.  There was no difference in the proportion of children in the Sibs-ASD and 

Sibs-TD group with family members with developmental delays, OCD, mental health 

conditions, or undiagnosed social problems.   

Next we looked at the Sibs-ASD group to see if family history of specific 

diagnostic categories was associated with delayed cognitive status at Time 1 and/or 

diagnostic status (Autism Spectrum or not) at Time 4.  No family members reported 
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having a history of Obsessive-Compulsive Disorder in first-degree relatives, so this 

category was eliminated. Logistic regressions did not show any significant results. This 

may have been due to the very small sample sizes in each of the six family history 

categories (see table 7).     

 

Gender Effects: 

Although not part of our original research hypotheses, we looked for gender 

differences on measures for the overall sample, and within the Sibs-ASD group. When 

looking at the overall sample, females scored higher than males on the MSEL ELC t(68) 

= -2.08, p=0.041 and the total number of STAT play items passed t(68) = -2.64, p=0.10 at 

Time 1.  No gender differences were seen at Time 1 for any other MSEL or STAT scores 

or for SBC, DAISI, MCDI or CARS.  At Time 4, females still scored higher on STAT 

plat items, t(68)=-1.59, p=0.003.  Females also had better expressive language as 

measured by the MCDI, t(61)=-2.22, p=.030.    

 The Sibs-ASD group was examined for within-group gender differences at Times 

1 and 4.  At Time 1, females scored higher than males on the MSEL Expressive 

Language subtest score, t(39) = -2.19; p=0.035, and the MSEL ELC, t(39) = -2.14; 

p=0.039. No group differences were found for other MSEL scores, the STAT, SBC, 

MCDI, CARS or DAISI. The group differences on the MSEL ELC, but not Expressive 

Language subtest, remained at Time 4, t(37) = -2.57; p=0.014.  At Time 4, females also 

scored higher than males on the MSEL Receptive Language subtest score, t(37) = -2.89; 

p=0.006 and on the MCDI expressive language measure, t(39) = -2.05; p=0.047.  

Females showed better performance on the overall STAT score at Time 4, t(39) = 2.10; p 
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=0.042, and on the number of play items passed, t(39) = -3.48, p=0.001.  No group 

differences were seen for the other MSEL subtests, STAT sub-scores, MCDI receptive 

language measure, DAISI or CARS (see tables 8.1 and 8.2) 

 Male Sibs-ASD (N = 24) were compared to male Sibs-TD (N = 18) at Time 1 on 

all measures.  Male Sibs-ASD scored lower on the MSEL Visual Reception subtest score, 

t(40)= -3.45, p=0.001, and on the MSEL ELC,  t(40)= -2.54, p=0.015, on the CARS, 

t(40)=2.63, p=0.012, and the DAISI, t(29)= -2.25, p=0.032.  Differences remained on the 

MSEL Visual Reception, MSEL ELC, and CARS even when the seven males in the Sibs-

ASD group who were later diagnosed with autism were removed (see table 9). There 

were no group differences were seen between male sibs-ASD and Sibs-TD at time 4 for 

the measures available (STAT and MCDI).  Female Sibs-ASD (N = 17) were also 

compared to female Sibs-TD (N = 10) at Time 1 on the MSEL, STAT, MCDI, CARS, 

and DAISI.  No group differences were seen on these measures at time 1. Additionally, at 

time 4 no group differences were seen between female Sibs-ASD and female Sibs-TD on 

the MCDI and STAT.    

Early Predictors of Diagnostic Status: 

Finally, we were interested in seeing if the subset of Sibs-ASD who were 

eventually diagnosed with Autism Spectrum Disorders (Autism or PDD-NOS) (N = 7) 

differed from the remainder of the group that was not diagnosed with an autism spectrum 

disorder (N=34).  While the ASD sample was small, some interesting results were found, 

especially at Time 1.  At Time 1, those children eventually diagnosed with ASD scored 

significantly lower on the MSEL Expressive Language subtest score, t(39)= -1.676, 

p=0.49.  On the STAT, this subset scored lower on requesting behaviors t(39)=2.77, 
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p=0.026, and directing attention behaviors, t(39)=-2.58; p=0.014, and on the total STAT 

score, t(24.52)=4.71, p=0.009. Additionally, they scored lower on the DAISI, t(6.80)= -

3.03; p=0.20 There were no group differences at Time 1 on the remaining MSEL and 

STAT scores, the CARS, SBC, MCDI or DAISI (see table 10). 

 As expected, children eventually diagnosed with autism scored lower on all 

available measures at Time 4: CARS, t(37)=4.99, p=0.000, MSEL Visual Reception, 

t(37)=-2.05, p=0.048, MSEL Fine Motor, t(37)=-2.59, p=0.014, MSEL Receptive 

Language, t(37)= -3.53, p=0.001, MSEL Expressive Language, t(37)=-3.08, p=0.004, 

MSEL ELC, t(37)= -3.69, p=0.001, STAT Play Items, t(39)= -2.55, p=0.015, STAT 

Requesting Items, t(39)= -3.53, p=0.001, STAT Directing Attention Items, t(39)= -3.97, 

p=0.000, STAT Imitation Items, t(39)= -2.328, p=0.025, STAT Total Score, t(39)= 

4.623, p=0.000, and  MCDI Expressive Language t(39)=-3.14, p=0.003. MCDI receptive 

language scores did not show significant group differences (see table 11). 

General Discussion 

 This study set out to determine whether younger siblings of children with autism 

perform differently than younger siblings of typically developing children on measures of 

language, cognitive and social development, and whether their development differs 

according to their family history of psychiatric and developmental problems.  For the 

subset of children who had completed the study, we examined diagnostic outcomes of the 

Sibs-ASD and Sibs-TD groups in relation to Time 1 data to test for early deficits that 

correlate with and could be predictive of future diagnostic outcome. Additionally, we 

looked at both the Sibs-ASD and Sibs-TD groups for gender differences within and 

between groups. 
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  The results of the study do show that younger siblings of children with autism 

show some deficits at Time 1 (mean age = 16 months).  These deficits were most 

apparent in the areas of cognitive skill and social development.  We did not collect most 

measures at Time 4 for siblings of typically developing children, so we do not yet know 

if younger siblings of children with autism catch up to their peers.  However, as 

hypothesized, children with a family history of autism do fare worse than their peers in 

terms of diagnostic outcome.  Of the group of siblings of children with autism- the at-risk 

group - 5% were diagnosed with autism and 15% with either PDD-NOS or Asperger’s 

Disorder, for a total of 20% of children diagnosed with some autism spectrum disorder.  

These numbers are higher than previously reported, and may be due to the broadening 

definition of the autism spectrum or referral bias.  Interestingly, this at-risk group was 

also more likely than the control group to be diagnosed with other developmental 

disorders not on the autism spectrum, namely language delays which affected 15% (5 

children). This may be a sign of the broader autism phenotype.  Language is a major area 

of weakness for children on the autism spectrum.  In a study by Bailey, Palferman, 

Heavey, & Le Couteur (1998) language delays were found to be an area of weakness for 

siblings of children with autism at older ages.  

We also found that the proband (older sibling) diagnosis is a factor in the eventual 

outcome and functioning of the younger sibling. Severity of the proband’s diagnosis 

(autism vs. PDD-NOS or Asperger’s,) was associated with worse performance on the 

MSEL in the area of fine motor development.  This finding is difficult to interpret, 

however, similar findings were found by Sutera et al, (2007). Sutera et al., (2007) found 

that better motor skills of children diagnosed with autism two years of age was correlated 
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with moving off the spectrum at age 4.  More research verifying these results will be 

needed to see if fine motor development is indeed an area of trouble for children with 

autism and siblings of children with autism and, if so, why this deficit may exist.   

Gender differences in performance on cognitive, language, and social-communicative 

measures were examined. Gender differences were seen in multiple areas.  Specifically, 

females performed better on language and cognitive ability as measured by the MSEL 

and MCDI.   

  It is generally believed that females have better language skills than males and it 

is interesting that this difference is seen at such a young age (Bornstein, Haynes, & 

Painter, 1998, Hyde & Linn, 1988).   The results are different at Time 1 and Time 4 on 

the MSEL, with male Sibs-ASD showing weaker performance in expressive language 

relative to female Sibs-ASD at Time 1 and in receptive language at Time 4.  This may 

indicate that males are able to catch up the females on expressive language but may not 

fully understand all the words that they are saying.   STAT scores also showed some 

gender differences within Sibs-ASD; females scored better on overall STAT score and 

passed more play items on the measure than did males.  This may be an indicator that 

males are more likely to show signs of the broader autism phenotype than females. Males 

are more likely to be diagnosed with autism, so it follows logically that they are also 

more likely to show signs of the broader autism phenotype that are not severe enough to 

warrant a diagnosis.  When the male Sibs-ASD were compared to the male Sibs-TD, the 

Sibs-ASD males scored lower on cognitive and visual reception scores at Time 1.  This 

finding was not merely driven by the seven males later diagnosed with autism spectrum 

disorders, as results remained significant with those seven children removed from the 
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analysis.  These differences were not seen in females.  These results showing gender 

differences may indicate that male siblings of children with autism may be at a higher 

risk of delays related to the broader autism phenotype than female siblings of children with autism.   

Finally, we found that the children who were later diagnosed with autism 

spectrum disorders showed notable delays months before their diagnosis.  At Time 1 the 

group of children later diagnosed with autism spectrum disorders already was scoring 

lower than the other Sibs-ASD on the overall STAT score and specifically on directing 

attention and requesting behaviors.  They also had lower expressive language scores (as 

measured by the MSEL) and social skills (as measured by the DAISI) at Time 1.   

As with much research done on autism, there are limitations to this study.  The 

use of siblings of typically developing children as a control may limit the breadth of 

interpretations to the data.  Typically developing children differ from children with 

autism on so many categorical levels of development that it may be difficult to know if 

delays are specific to autism or if they are due to overall developmental delay or 

environmental factors.  For example, if we see language differences in siblings of 

children with autism it could be related to genetic risk for autism or it could be related to 

growing up in a family with a child with a disability (i.e. stress). In future studies this 

could be studied by using control groups of younger siblings of probands with Downs 

syndrome or another developmental disorder. The young age of the participants, while a 

necessary aspect of research looking at early warning signs of autism, may also limit the 

results because of the high degree of developmental variability that is considered within 

the “normal” range at such young ages. 
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 In the current study, no family history of a specific disorder was significantly 

related to development of autism in the younger siblings examined.  While many of the 

children did have siblings (other than the proband) and/or parents diagnosed with specific 

developmental delays or mental disorders, the sample sizes for each specific disorder 

were small.  This does not mean that there are not specific family history characteristics 

that may be related to the autism spectrum, but instead indicates that larger scale 

population studies may be needed to find significant results.  Additionally, the procedure 

in which the family history information was obtained from families was not a fully 

structured interview. The lack of consistency on this measure would have made 

interpretation of results difficult, even if a larger sample was obtained.  Much of the 

information was anecdotal and some information from the interviews was vague and 

therefore could not be coded.   

When looking at the results of this study as a whole, it is apparent that broader 

autism phenotype characteristics are more likely to appear in the “at-risk” group of 

siblings of children with autism than in siblings of typically developing children. These 

at-risk children show delays as early as 16 months.  While we cannot state with certainty 

that these children generally catch up to their peers with age because we do not have data 

on all measures for Sibs-TD at the later time point, they do catch up on the measures for 

which data was collected for both groups at Time 4; this finding is supported by similar 

findings reported by Gamliel et al. (2007).  The children used in this study will be seen a 

fifth time and all children in both groups will be administered all measures at this final 

session.  Once these data are analyzed, it will be possible to state with more certainty if, 

on average, younger siblings of children with autism catch up to their peers. 
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The results of this study also point to the importance of early detection of deficits 

in order to provide early intervention.  The children who were later diagnosed with an 

autism spectrum disorder shower weaker language and social perfomance than their peers 

as early as 16 months.  Weaknesses in social behaviors and specifically in requesting and 

directing attention behaviors are particularly troublesome.  Ability to engage in joint 

attention with an adult and to communicate socially is necessary to further social and 

language development.  Word learning is a specific result of joint attention interactions 

(Mundy, Kasari, Sigman, & Ruskin, 1995, Mundy, Sigman, & Kasari, 1990). Early 

interventions designed to target and teach social and attention skills may prevent the later 

language delays that some of these children may encounter without intervention.  

Without the basic ability to learn from and socially engage peers and adults, later learning 

is far more difficult.   If we know that siblings of children with autism are likely to show 

delays, we may be able to provide them with extra support for the development of these 

skills before weaknesses are apparent and problematic.   

This study clearly shows the importance of early detection and intervention, 

particularly for the at-risk group of siblings of children with autism.  This study found a 

relatively high percentage of autism diagnoses in this at-risk group, perhaps indicating 

that all younger siblings of children with autism should receive special screening and 

monitoring or even intervention where there is cause for concern about future prognosis.  

Future studies following these younger siblings of children with autism in the months and 

years after the age at which diagnosis is possible are needed to determine whether these 

children remain at a disadvantage when compared to their peers.  This subgroup of 

younger siblings has proven to be an interesting and significant group of study.  More 
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studies looking at this at-risk group in larger numbers will further the understanding of 

the development of autism and highlight potential early warning signs. Studies examining 

more specific environmental and genetic factors may help us understand why some of 

these younger siblings fare worse than others and why they are more likely not only to 

develop autism spectrum disorders, but also to develop other developmental delays.  With 

the increased prevalence and increased awareness of autism there are still many questions 

that need to be answered. 
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FIGURES: 
 
 
Table 1: Schedule of Measures 

Sibs-
ASD 

Sibs-
TD Measure Method 

T1 T4 T1 T4 

DAISI parent collected Τ Τ Τ   
MCDI parent collected Τ Τ Τ Τ 
SBC parent collected Τ  Τ  
Family Information  parent collected Τ   Τ   
Family History parent collected Τ   Τ   
MSEL observational Τ Τ Τ   
CARS observational Τ Τ Τ   
ADOS-G observational   Τ     
STAT observational Τ Τ Τ Τ 
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Table 2 : Group Performance at Time 1 
 

 
  Sibs-ASD Sibs-TD T-Test 

Measure Mean 
Std. 
Deviation Mean 

Std. 
Deviation T  

MSEL            
ELC 97.66 14.51 104.18 11.38 -1.99*  

Visual reception 49.51 9.14 56.00 7.07 -3.16**  
Fine Motor 53.24 8.31 55.54 7.87 -1.15  

Receptive Language 46.05 13.50 48.25 10.51 -0.725  
Expressive 
Language 45.8 11.57 48.29 11.21 -0.885  

STATa            
STAT Score  2.15 0.88 1.81 0.85 1.59  

Play 1.05 0.70 1 0.72 0.28  
Requesting 0.93 0.85 1.21 0.83 -1.393  

Directing Attention 1.12 1.00 1.57 1.06 -1.778  
Imitation 2.32 1.15 2.75 0.89 -1.679  

MCDI            
Expressive 
Language 40.07 71.49 41.46 76.86 -0.077  

Receptive Language 116.7 100.1 160.6 104.16 -1.76  
             

SBC 30.96 10.136 34.53 9.86 -1.16  
DAISI 16.34 3.09 18.05 1.39 -2.35*  
CARS 19.01 5.01 16.19 0.98 2.927**  

a: STAT total score is scored 0-4 with lower scores indicating worse performance, 
individual domain scores is the total # of items passed 
* p<.05 
** p<.01  
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Table 3: Outcome Diagnoses for Sibs-ASD and Sibs-TD Groups 
 

  
Sibs-ASD     

(N=40) 
Sibs-TD        
(N=28) 

Autism 2 (5%) 0 
PDD-NOS 5 (12.5%) 0 

Language Delay 5 (12.5%) 0 
Developmental Delay 1 (2.5%) 0 

 Typical 27 (67.5%) 28 (100%) 
 
 



 34 

 
 
 
 
 
 
 

Table 4: Performance of Sibs-ASD at Time 1 as a Function of Proband Diagnosis 
 

Proband          
Autism            
(N=26) 

Proband             
PDD-NOS/ASP 

(N=14) 
T-Test 

Measure Mean SD Mean SD T 
MSEL 
    ELC 96.08 15.27 99.36 12.95 -0.68 
    Visual Reception 49.15 8.74 49.64 10.28 -0.16 
    Fine Motor 52.23 8.45 54.86 8.32 -0.94 
    Receptive Language 45.15 14.29 45.86 10.71 -0.16 
    Expressive Language 44.73 11.24 48.00 12.69 -0.84 
STATa 

    Total Score 2.14 0.94 2.14 0.82 -0.01 
    Play 1.04 0.66 1.00 0.78 0.16 
    Requesting 0.92 0.85 1.00 0.88 -0.27 
    Directing Attention 1.23 1.03 0.93 0.99 0.89 
    Imitation 2.27 1.19 2.50 1.09 -0.60 
MCDI 
    Expressive Language 40.08 66.07 42.57 85.02 -0.10 
    Receptive Language 113.73 97.03 118.07 111.64 -0.13 
SBC 32.54 10.42 28.00 9.75 1.06 
DAISI 16.47 3.02 16.00 3.44 0.38 
CARS 19.00 4.82 19.00 5.71 0.00 

a: STAT total score is scored 0-4 with lower scores indicating worse performance, 
individual domain scores is the total # of items passed 
* p<.05 
** p<.01  
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Table 5: Performance of Sibs-ASD at Time 4 as a Function of Proband Diagnosis 
 

Proband           
Autism            
(N=26) 

Proband             
PDD-NOS/ASP 

(N=14) 
T-Test 

Measure Mean SD Mean SD T 
MSEL 
    ELC 97.27 17.29 101.67 17.13 -0.73 
    Visual Reception 51.15 11.59 52.00 9.51 -0.22 
    Fine Motor 22.19 10.27 54.08 8.38 -2.91** 
    Receptive Language 46.27 12.26 47.00 9.16 -0.18 
    Expressive Language 52.08 11.82 49.75 14.64 0.52 
STATa 

    Total Score 1.07 0.89 1.11 0.91 -0.13 
    Play 1.73 0.45 1.64 0.63 0.51 
    Requesting 1.50 0.76 1.50 0.76 0.00 
    Directing Attention 2.04 1.15 2.43 1.16 -1.02 
    Imitation 3.23 1.03 2.86 1.17 1.04 
MCDI 
    Expressive Language 252.42 116.17 225.93 146.91 0.63 
    Receptive Language 302.58 93.09 294.50 117.56 0.24 
CARS 19.42 4.17 18.73 7.19 0.38 

 
a: STAT total score is scored 0-4 with lower scores indicating worse performance, 
individual domain scores is the total # of items passed 
* p<.05 
** p<.01  
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Table 6: Diagnostic Outcome of Sibs-ASD in Relation to Proband Diagnoses 
 Proband Diagnosis 

Sib-ASD Diagnosis 
Autism  
(N=26) 

PDD-NOS 
(N=14) 

Autism 2 0 
PDD-NOS 3 2 

Language Delays 3 2 
Developmental Delays 1 0 

Typical 17 9 
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Table 7: Number of Children with Family History of Developmental or Psychiatric 
Disorders 
   

 Sibs-ASD  (N=30)            
Sibs-TD 
(N=21)              

Speech and Language 
Disorders 9 (11%) 1 (5%) 

Developmental Delays 2 (6%) 2 (10%) 
OCD 0 (0%) 0 (0%) 

Mental Health Disorders 5 (17%) 3 (14%) 
Unconfirmed Social Issues 4 (13%) 0 (0%) 
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Table 8.1: Gender Effects for Cognitive, Social and Language Performance for Sibs-ASD 
at Time 1 
  Male Female T-Test 
Measure Mean SD Mean SD T 
MSEL 
    ELC 93.75 11.94 103.18 16.31 -2.14* 
    Visual Reception 47.63 7.78 52.18 10.43 -1.60 
    Fine Motor 52.17 7.91 54.76 8.86 -0.99 
    Receptive 
Language 44.29 10.33 48.53 17.07 -0.99 
    Expressive 
Language 42.63 10.74 50.29 11.52 -2.19* 
STATa 

    Total Score 2.27 0.93 1.98 0.79  1.02 
    Play 0.88 0.68 1.29 0.69  -1.94 
    Requesting 0.92 0.88 0.94 0.83  -0.09 
    Directing Attention 1.08 1.06 1.18 0.95  -0.29 
    Imitation 2.25 1.15 2.41 1.18  -0.44 
MCDI 
    Expressive 
Language 37.46 68.66 43.76 77.30  -0.28 
    Receptive 
Language 101.54 90.37 138.00 111.73  -1.15 
SBC 28.69 8.48 33.64 11.64  -1.17 
DAISI 15.65 3.49 17.33 2.19  -1.47 
CARS 19.46 5.03 18.38 5.08  0.67 

 
a: STAT total score is scored 0-4 with lower scores indicating worse performance, 
individual domain scores is the total # of items passed 

* p<.05 
** p<.01  
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Table 8.2: Gender Effects for Cognitive, Social and Language Performance for Sibs-ASD 
at Time 4 
  Male Female T-Test 
Measure Mean SD Mean SD T 
MSEL 
    ELC 93.87 15.58 107.88 18.38  -2.57* 
    Visual Reception 49.65 10.97 55.81 12.15  -1.65 
    Fine Motor 45.39 10.28 50.44 10.58  -1.49 
    Receptive 
Language 42.96 10.63 53.00 10.78  -2.89** 
    Expressive 
Language 48.87 11.97 56.19 13.03  -1.79 
STATa 

    Total Score 1.30 0.96 0.74 0.65  2.10* 
    Play 1.50 0.59 2.00 0.00  -3.48** 
    Requesting 1.38 0.82 1.71 0.59  -1.42 
    Directing Attention 2.13 1.29 2.29 0.92  -0.46 
    Imitation 2.92 1.02 3.35 1.12  -1.30 
MCDI 
    Expressive 
Language 213.71 131.01 293.29 108.19  -2.06* 
    Receptive 
Language 282.21 109.10 329.76 80.58  -1.52 
DAISI 17.88 1.73 18.75 0.50  -0.97 
CARS 20.02 6.28 17.75 3.04  1.34 

a: STAT total score is scored 0-4 with lower scores indicating worse performance, 
individual domain scores is the total # of items passed 
* p<.05 
** p<.01  
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Table 9: Males Sibs-ASD and Sibs-TD Performance Time 1 

  Sibs-ASD Sibs-TD T-Test 
Measure Mean SD Mean SD T 
MSEL 
    ELC 93.75 11.94 103.06 11.49 -2.54* 
    Visual Reception 46.63 7.78 55.33 6.23 -3.45* 
    Fine Motor 52.17 7.92 56.39 8.44 -1.66 
    Receptive Language 44.29 10.33 45.61 10.37 -0.41 
    Expressive Language 42.63 10.74 48.39 12.75 -1.59 
STATa 

    Total Score 2.27 0.93 1.99 0.83 1.02 
    Play 0.88 0.68 0.83 0.62 0.20 
    Requesting 0.92 0.88 1.22 0.88 -1.11 
    Directing Attention 1.08 1.06 1.44 1.15 -1.05 
    Imitation 2.25 1.15 2.50 0.79 -0.79 
MCDI 
    Expressive Language 37.46 68.66 27.72 50.68 0.51 
    Receptive Language 101.54 90.37 153.39 98.41 -1.77 
DAISI 15.65 3.49 17.93 1.59 -2.25* 
CARS 19.46 5.03 16.28 1.13 2.63* 

a: STAT total score is scored 0-4 with lower scores indicating worse performance, 
individual domain scores is the total # of items passed 
* p<.05 
** p<.01  
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Table 10: Time 1 Performance of Sibs-ASD as a Function of Clinical Diagnoses 
 

  
ASD Dx  

(N=7) 
Other Dx 

(N=34) T-Test 
Measure Mean SD Mean SD T 
MSEL 
    ELC 90.86 11.77 99.06 14.77 -1.38 
    Visual Reception 49.86 6.74 49.44 9.64 0.11 
    Fine Motor 54.29 9.72 53.03 8.14 0.36 
    Receptive Language 38.43 10.16 47.62 13.69 -1.68 
    Expressive Language 38.00 9.15 47.41 11.47 -2.03* 
STATa 

    Total Score 2.93 0.35 1.99 0.87 2.76* 
    Play 0.86 0.69 1.09 0.71 -0.79 
    Requesting 0.29 0.49 1.06 0.85 -2.31* 
    Directing Attention 0.29 0.49 1.29 1.00 -2.58 
    Imitation 1.71 0.76 2.44 1.19 -1.55 
MCDI 
    Expressive Language 14.00 34.00 45.44 76.23 1.45 
    Receptive Language 57.43 81.38 128.85 100.22 1.48 
DAISI 12.86 3.89 17.45 1.77 1.92* 
CARS 22.21 7.93 18.35 4.05 -4.40 

a: STAT total score is scored 0-4 with lower scores indicating worse performance, 
individual domain scores is the total # of items passed 
* p<.05 
** p<.01  
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Table 11: Time 4 Performance of Sibs-ASD as a Factor of Clinical Diagnosis 
  ASD Dx Other Dx T-Test 
Measure Mean SD Mean SD T 
MSEL 
    ELC 80.00 16.43 103.91 15.36  -3.69** 
    Visual Reception 44.29 7.69 53.91 11.82  -2.05* 
    Fine Motor 38.71 9.25 49.38 9.96  -2.59* 
    Receptive Language 34.71 13.20 49.78 9.55  -3.53** 
    Expressive Language 39.57 14.55 54.56 11.00  -3.08** 
STATa 

    Total Score  2.21 0.88  0.83  0.68   4.62** 
    Play 1.29 0.49 1.79 0.48  -2.55* 
    Requesting 0.71 0.95 1.68 0.59  -3.53** 
    Directing Attention 0.86 1.46 2.47 0.86  -3.97** 
    Imitation 2.29 0.95 3.26 1.02  -2.33* 
MCDI 
    Expressive Language 122.43 144.16 272.29 108.71 -3.14** 
    Receptive Language 239.14 111.22 314.85 94.90  -1.87 
CARS 26.14 3.85 17.55 4.18  4.99** 

a: STAT total score is scored 0-4 with lower scores indicating worse performance, 
individual domain scores is the total # of items passed 
* p<.05 
** p<.01  
 

 

 
















































































































