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Abstract Mothers, fathers, and siblings from 87 multiplex

(M-mothers, M-fathers, and M-siblings) and 41 simplex

(S-mothers, S-fathers, and S-siblings) Autism spectrum dis-

order families were assessed using the Broader Phenotype

Autism Symptom Scale. S-mothers, S-fathers, and S-siblings

showed more social interest and were more expressive in their

use of nonverbal communication compared to M-mothers,

M-fathers, and M-siblings. Conversational skills were also

improved in S-fathers and S-siblings compared to M-fathers

and M-siblings. S-siblings showed significantly lower rigidity

and intense interests compared to M-siblings. The decreased

number and intensity of broader autism phenotype traits

observed in parents and siblings within simplex families

provide behavioral evidence consistent with findings of

increased de novo genetic events in simplex families.

Keywords Autism spectrum disorder � Simplex �
Multiplex � Broader autism phenotype

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental

disorder defined by impairments in social communication

and restricted and repetitive interests and behaviors.

Genetic influence in ASD is strong. For instance, pro-

bandwise concordance rates of 58–77 % were recently

observed in monozygotic (MZ) twins versus 21–36 % for

dizygotic (DZ) twins (Hallmayer et al. 2011), confirming

early reports of discrepant concordance rates between MZ

and DZ twins (e.g., Folstein and Rutter 1977). Infant sib-

ling risk rates are similar to concordance rates in DZ twins:

approximately 20 % (Ozonoff et al. 2011). These behav-

ioral genetic studies suggest that ASD risk rises as the level

of shared genes increases.

Molecular findings suggest that copy number variants

(CNVs) in genic regions are more common in individuals

with ASD compared to controls (as reviewed in Abrahams

and Geschwind 2008). De novo or non-inherited CNVs

appear to be particular risk factors in simplex (families

with one clinically diagnosed individual) ASD families

relative to multiplex (families with more than one clinical

diagnosed individual) ASD families, with de novo CNV

rates ranging from 5 to 10 % (Pinto et al. 2010; Sanders

et al. 2011; Sebat et al. 2007).

In addition to the examination of specific genetic

mechanisms in ASD, the familiality of ASD-related traits

in family members of individuals with ASD has been

examined. Subclinical differences in social skills, com-

munication abilities, and personality traits compared to

controls (for review, see Gerdts and Bernier 2011) are

generally considered to constitute the broader autism phe-

notype (BAP). Social traits, such as decreased interest in

reciprocal social interactions and a focus on special inter-

ests as a conversational topic, identified using clinical
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interviews have been noted more often in parents and

siblings of individuals with ASD compared to parents and

siblings in control groups (Bolton et al. 1994; Piven et al.

1997a; Wolff et al. 1988). Like the diagnosis of ASD, BAP

traits tend to aggregate more often in male compared to

female relatives (Bolton et al. 1994; Pickles et al. 2000;

Piven et al. 1997a; Schwichtenberg et al. 2010). Most

studies find that at least half of relatives do not have

quantifiable differences, suggesting that traits may present

in only a subset of family members (e.g., Landa et al. 1992;

Piven et al. 1997b).

A greater number of affected children within a family

appears to increase the likelihood of observable BAP traits

in family members. Improved social responsiveness has

been found in siblings from simplex families (S-siblings)

versus siblings from multiplex families (M-siblings). Social

responsiveness is less consistently found to be increased in

parents from simplex families (S-parents) versus multiplex

families (M-parents; Constantino et al. 2010; Schwichten-

berg et al. 2010; Virkud et al. 2009). Szatmari et al. (2000)

found that social impairments, but not communication

challenges or presence of restricted behaviors, were more

common in immediate and extended family members from

multiplex versus simplex families. In the most extensively

phenotyped sample to date, Losh et al. (2008) reported that

M-parents had more ASD-related personality traits, fewer

quality friendships, and decreased pragmatic language skills

than S-parents (Losh et al. 2008). Recently, Bernier et al.

(2012) reported greater impairment in social communica-

tion skills in M-parents compared with S-parents, parents of

children with non-ASD developmental delays (DD), and

parents of typically developing children. No differences in

BAP traits were found among S-parents, DD, and typical

parent groups, which may signify that S-parents do not

possess a greater number or intensity of social BAP traits

than the population at large. If affected children from

simplex families are more likely than those from multiplex

families to develop ASD as a result of a de novo genetic

event (e.g., Sebat et al. 2007), then findings of an increased

presence of ASD-related traits in multiplex families may

suggest that such family members are more vulnerable to

ASD symptoms given shared genetic variance.

Important work in this area has established the possi-

bility that the BAP is increased in families with more

children with ASD. However, it is difficult to interpret

some of the previous literature because exclusionary cri-

teria regarding family history in simplex families has

generally not been described and the majority of measures

have either been questionnaire-based or have relied on

clinical interview with parents only. In this study, we

intend to augment findings of differences in BAP traits in

simplex versus multiplex families by addressing these

potential limitations in the current literature.

The Broader Phenotype Autism Symptom Scale (BPASS;

Dawson et al. 2007) was used to directly assess, by clinical

examination and interview, social and communication skills

and range of interests and flexibility in mothers, fathers, and

siblings with no diagnosis of ASD. The BPASS uses

behavioral observation in addition to interview, is designed to

assess both children and adults, and has demonstrated

behavioral-genetic relations in prior research (Sung et al.

2005). One study to date has demonstrated differences in the

BAP between S-parents and M-parents using the BPASS

(Bernier et al. 2012). However, this study focused on mothers

and did not include siblings. Since there are sex differences in

the BAP, a larger and more representative sample is needed to

take gender into account. To our knowledge, this is the first

investigation using direct clinical assessment to compare the

BAP in S-siblings versus M-siblings.

Methods

Participants

Participants were recruited from two genetic studies of ASD

conducted at the University of Washington (UW) Autism

Center: the Family Study of Autism (FSA; 1998–2007) and

the Simons Simplex Collection (SSC; 2007–2011). Study

procedures, protocols, clinical staff, measures, and inclu-

sionary/exclusionary criteria were comparable for the FSA

and SSC. Exceptions include age requirements (minimum

of 3 years for FSA versus minimum of 4 years and maxi-

mum of 17 years, 11 months for SSC) and minimal level of

functioning for affected children (SSC required a nonverbal

mental age of at least 18 months). Additionally, while it

was preferred that both parents participate in the FSA, both

biological parents were required to participate in the SSC.

Exclusionary criteria regarding ASD diagnosis in undiag-

nosed family members were also different for the studies

and were more stringent for simplex than multiplex families

(explained below). For both studies, exclusionary criteria

included presence of a known genetic condition (e.g.,

Fragile X), significant birth complications, history of seri-

ous head injury or neurological disease, significant sensory

or motor impairment affecting measure completion, and

language other than English as a primary language. Studies

were approved by the University of Washington institu-

tional review board and appropriate informed consent was

obtained from all participants.

Demographic information for the subset of families

included in these analyses was similar (Table 1) in terms of

age at evaluation, race, and ethnicity with two exceptions:

(1) mothers and fathers in the SSC were slightly (but sig-

nificantly) older than in the FSA, t(125) = 3.49, p \ 0.001

and t(110) = 2.21, p = 0.03, respectively, and (2) fathers
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in the SSC obtained a higher level of education, v2(4,

N = 109) = 15.98, p = .003. BPASS scores have not been

found to relate to parent education level in prior studies

and, thus, were not entered as covariates in analyses for this

study (Dawson et al. 2007).

Multiplex Families

Five hundred fifty families were screened for the FSA and

self-identified as having more than one child with ASD.

These families were then interviewed with the Autism

Diagnostic Interview-Revised (ADI-R; Lord et al. 1994) to

identify families with a high probability of having two

children with ASD. A direct assessment of all affected family

members, parents, and at least one unaffected sibling, if

available, was then conducted, including the BPASS.

Additional measures consisted of a diagnostic evaluation

with affected children and a neuropsychological assessment,

blood sample, and physical measurements from each of the

participating family members.

Following the diagnostic evaluation, 311 families had at

least two children who met the research diagnostic criteria

specified below. In addition to general FSA requirements,

specific conditions were implemented to address the research

questions in this project. First, only families with at least one

child without a diagnosis of ASD (full biological siblings

only, verified by genotyping), in addition to two children

with ASD, were analyzed to assess the BAP in undiagnosed

siblings (n = 97). Further exclusionary criteria were applied

in families with more than one unaffected sibling (n = 26).

Table 1 Demographic information for simplex and multiplex family members

Mother Father Affected child Unaffected child

Simplex Multiplex Simplex Multiplex Simplex Multiplex Simplex Multiplex

Ageb

Mean

(standard

deviation)

42.56 (5.32) 38.99 (5.42) 44.18 (6.08) 41.17 (7.33) 9.89 (3.68) 9.28 (3.76) 11.51 (3.59) 10.20 (4.20)

Sexa

M 0 (0 %) 0 (0 %) 40 (100 %) 87 (100 %) 35 (85 %) 149 (81 %) 20 (49 %) 58 (50 %)

F 41 (100 %) 87 (100 %) 0 (0 %) 0 (0 %) 6 (15 %) 35 (19 %) 21 (51 %) 59 (50 %)

Racea

American

Indian/

Alaska

native

1 (2 %) 3 (4 %) 1 (3 %) 1 (1 %) 0 (0 %) 5 (3 %) 0 (0 %) 2 (2 %)

Asian 3 (7 %) 2 (2 %) 1 (3 %) 2 (2 %) 1 (2 %) 4 (2 %) 1 (2 %) 2 (2 %)

Black/African

American

1 (2 %) 1 (1 %) 1 (3 %) 3 (4 %) 1 (2 %) 2 (1 %) 1 (2 %) 3 (3 %)

More than one

race

0 (0 %) 5 (6 %) 0 (0 %) 3 (4 %) 3 (7 %) 16 (9 %) 3 (7 %) 12 (11 %)

White 36 (88 %) 74 (87 %) 37 (93 %) 76 (89 %) 36 (88 %) 152 (85 %) 36 (88 %) 90 (83 %)

Ethnicitya

Non-Hispanic 40 (98 %) 75 (99 %) 38 (97 %) 75 (99 %) 39 (95 %) 151 (99 %) 39 (95 %) 91 (99 %)

Hispanic/

Latino

1 (2 %) 1 (1 %) 1 (3 %) 1 (1 %) 2 (5 %) 2 (1 %) 2 (5 %) 1 (1 %)

Education levela,c

Some high

school

0 (0 %) 0 (0 %) 0 (0 %) 1 (1 %)

High school 1 (2 %) 9 (13 %) 1 (3 %) 6 (9 %)

Some college 12 (29 %) 27 (38 %) 4 (11 %) 25 (35 %)

College

graduate

20 (49 %) 28 (39 %) 14 (37 %) 26 (37 %)

Graduate

degree

8 (20 %) 7 (10 %) 19 (50 %) 13 (18 %)

a Presented as total N in each group and percentage of sample
b Difference between simplex and multiplex samples is significant for mothers, p \ .05, and fathers, p \ .001
c Difference between simplex and multiplex samples is significant for fathers, p \ .001
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In seven of these families, the ‘‘least affected’’ sibling, as

determined by parent-report during the screening process,

was directly assessed. This procedure was implemented due

to time constraints during evaluations conducted out-of-state

in order to maximize the difference in genetic effects

between ‘‘affected’’ and ‘‘unaffected’’ children. Since this

procedure would produce a systematic bias for the purposes

of this study, these seven families with more than one

unaffected child were excluded from analyses. Lastly, an

additional three families were excluded because the two

affected children in the family were MZ twins.

Thus, of the 311 multiplex families, 87 met additional

inclusion criteria for this study. These families contained 117

unaffected children (58 males and 59 females) and 184

affected children (149 males and 35 females) diagnosed with

autistic disorder (n = 137), Asperger’s disorder (n = 23), or

pervasive developmental disorder not otherwise specified

(PDD-NOS, n = 24). Families had two (n = 79), three

(n = 7), or five (n = 1) affected children and one (n = 68),

two (n = 12), three (n = 5), four (n = 1), or six (n = 1)

unaffected children. The most common family constellation

was two affected children and one unaffected child (n = 62).

Simplex Families

The UW was one of 12 SSC sites with a goal of examining

the genetic risk associated with the single occurrence of

ASD in the family. Families were recruited if they reported

having one child in the family with diagnosed or suspected

ASD. Four hundred fifty-three families were screened at

UW and 269 families met study criteria. Families were

required to have exactly one child who met research

diagnostic criteria outlined below.

Families were carefully screened for a history of ASD

via parent interview, and were excluded if any first, second,

or third degree relative had a diagnosis of ASD. Addi-

tionally, families with siblings and parents who were sus-

pected to have a diagnosis of ASD or intellectual disability

were excluded from study participation. Participating sib-

lings had to have a composite score of 70 or above on the

Vineland Adaptive Behavior Scales- 2nd Edition (Sparrow

et al. 2005) to demonstrate adaptive abilities that were

within two standard deviations of the norm. During the

course of the study, new criteria were implemented to

exclude families containing parents and siblings with sig-

nificant subclinical ASD-related traits. Four families out of

453 screened at UW were excluded for this criterion and

the majority of families invited back to participate in the

current project were evaluated early in SSC data collection,

during which time this criterion had not been established

universally.

Like the multiplex sample, only those families with at

least one other unaffected full biological sibling (n = 227)

were recruited to participate. Because unaffected SSC

siblings and parents did not participate in a behavioral

assessment, they were recontacted to participate in a sec-

ond evaluation. Of the SSC families with an additional

sibling who were recontacted, 67 % (n = 47) agreed to

participate and 59 % (n = 41) completed research mea-

sures. 34 % either declined to participate (largely because

of time constraints) or did not return recruitment calls.

Affected children (35 males and 6 females) had diagnoses

of autistic disorder (n = 27), Asperger’s disorder (n = 9),

or PDD-NOS (n = 5). There were no MZ twins in this

subset of families.

We focused recruitment efforts on those families who

had multiple unaffected siblings in the family. This was

done to: (1) better account for systematic differences in

family size across simplex and multiplex families who, by

definition, needed to have a minimum of three children

(two affected and one unaffected) to be included in these

analyses, and (2) theoretically increase the chance that

ASD occurred in the affected child as a result of a sporadic

genetic mutation. 73 % (n = 30) of the simplex sample

included multiple unaffected children while the remaining

27 % (n = 11) had one unaffected sibling. Families had

exactly one affected child and either one (n = 11), two

(n = 21), three (n = 8), or five (n = 1) unaffected chil-

dren. If there was more than one unaffected sibling, the

closest in age to the affected child was seen for evaluation

(20 males and 21 females).

Measures

ASD Diagnosis

Children were considered to be affected if they met diag-

nostic cutoffs on the revised algorithm of the Autism

Diagnostic Observation Schedule (ADOS; Gotham et al.

2007), met clinical cutoffs using the Collaborative Pro-

grams of Excellence in Autism (CPEA) criteria on the

ADI-R (see Schellenberg et al. 2006), and received a

clinical diagnosis of either autistic disorder, Asperger’s

disorder, or PDD-NOS. In both the FSA and SSC, clini-

cians were reliably trained on the ADOS and ADI-R.

Reliability checks were performed with local site supervi-

sors who were research reliable with the developers of the

measures.

Assessment of Family Members

The BPASS (Dawson et al. 2007) was administered by

ADOS- and ADI-R-reliable clinicians to measure autism-

related traits in family members across four domains of

functioning using clinician ratings via both observation and

interview. The coding system of the BPASS is based on
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trained examiner judgment as to what behavior is norma-

tive and what is outside of the normal range. In general,

codes of 1 or 2 on individual BPASS items are considered

to be normative and scores of 3, 4, or 5 are considered to be

below the normal range. BPASS composite scores are

calculated by taking the average of individual items within

domains. To insure consistency and prevent rater drift,

10 % of BPASS administrations were coded from video-

tape for reliability by a group of experienced BPASS cli-

nicians, and percent agreements were greater than 80 %.

The Social Interest domain assesses social motivation

via questions regarding interest in peers and groups and

self-perception of social comfort in groups. A summary

score capturing both child- and adulthood preferences

(before and after having children) is coded for each item.

The Expressiveness domain assesses social expressivity

and is based on clinical ratings of nonverbal social com-

munication observed during the interview (e.g., integrated

gaze, social smiling, and facial expressions). The Conver-

sation domain uses clinical observations of conversation

skills, such as excessive detail and decreased sensitivity to

the interviewer (e.g., making comments without adequate

background information). The Flexibility/Restricted Inter-

ests domain of the BPASS assesses flexibility in physical

space and daily schedule as well as interests in both child-

and adulthood. The breadth, type, and intensity of interests

are assessed through descriptions of preferences in daily

schedule and physical environment. Scores range from

extreme flexibility in routine and physical space to marked

rigidity in these areas causing impairment in relationships

or emotional distress if disrupted.

The proportion of family members receiving one of the

two highest codes (suggestive of BAP) on the Social

Interest and Flexibility/Range of Interests BPASS domains

was assessed. In the Social Interest domain, these codes

suggest low to very low interest in interacting with others

and substantial apprehension and rare initiation of social

contact in groups. In the Flexibility/Range of Interests

domain, these codes suggest unusual or impairing interests,

a strong preference for predictability and routine that is

bothersome to others, and limited adaptability and func-

tionality in terms of preference for order in the physical

environment.

Statistical Analyses

Data from mothers, fathers, and undiagnosed siblings in

multiplex and simplex families were analyzed. MANOVAs

were computed for the Social Interest and Flexibility/Range

of Interests domains with simplex versus multiplex status

included as a fixed factor. Planned contrasts using indepen-

dent samples t tests compared S-mothers to M-mothers,

S-fathers to M-fathers, and S-siblings to M-siblings. Because

scores from the Expressiveness and Conversation domains

were positively skewed and did not follow a normal distri-

bution, we conducted a Mann–Whitney for those compari-

sons. Proportions of family members with elevated scores

were also compared among simplex and multiplex families

using Chi square analyses.

Results

Table 2 presents descriptive statistics for BPASS scores across

the four domains. MANOVAs for the BPASS Social Interest

and Flexibility/Range of Interest domains yielded significant

main effects of simplex versus multiplex status on Social

Interest, F(1, 331) = 14.90, p \ .001 and Range of Interests/

Flexibility, F(1, 331) = 4.07, p = .04. Mann–Whitney U

analyses indicated significant differences on Expressiveness,

p\ .001 and Conversation domains, p = .001.

Planned contrasts using independent t tests indicated

significant differences in Social Interest between mothers,

t(123) = -2.51, p = .01, Cohen’s d = 0.48, and fathers,

t(109) = -2.15, p = .03, Cohen’s d = 0.42, with a trend in

differences observed in siblings, t(96) = -1.81, p = .07,

Cohen’s d = 0.38, from simplex and multiplex families.

Findings suggested increased social interest in S-mothers,

S-fathers, and S-siblings versus M-mothers, M-fathers, and

M-siblings. S-mothers were also significantly more

expressive in their use of nonverbal communication versus

M-mothers, p = .006, as were S-fathers, p = .006, and

S-siblings, p \ .001. Conversational skills were also

improved in S-fathers, p = .04, and S-siblings, p = .008,

compared to M-fathers and M-siblings. The significant

overall MANOVA result for the Range of Interests/Flexi-

bility domain appeared to have been driven by siblings:

S-siblings showed significantly lower levels of rigidity and

intense interests compared to M-siblings, t(96) = -2.30,

p = .02, Cohen’s d = 0.48. Mothers and fathers did not

differ significantly on this domain. Figures 1, 2, 3, 4 depict

the distribution of BPASS scores across domains and family

members.

The percentage of elevated scores (suggesting greater

BAP) on the Social Interest and Flexibility/Range of Inter-

ests domains were compared across family types. A signifi-

cantly greater percentage of family members from multiplex

versus simplex families were rated as having low to very low

social interest, v2(1, N = 334) = 14.42, p \ .001. 66 % of

M-fathers received at least one high score on the Social

Interest domain compared to 33 % of S-fathers, v2(1,

N = 111) = 11.70, p = .001. 39 % of M-siblings were

rated highly compared to 22 % of S-siblings, v2(1,

N = 98) = 3.06, p = .08, which suggests a trend for

M-siblings to show lower levels of social interest compared

to S-siblings. S-mothers did not differ from M-mothers in the
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proportion of individuals showing low social interest (32 vs.

44 %, respectively). In the Range of Interests/Flexibility

domain, M-siblings versus S-siblings more often had

impairing repetitive behaviors, 21 % versus 5 %, v2(1,

N = 98) = 5.10, p = .02. Mothers and fathers did not differ

in their flexibility and range of interests.

Discussion

The BPASS (Dawson et al. 2007) was used to assess social

communication skills and the presence of restricted inter-

ests and behaviors in undiagnosed first-degree family

members in simplex and multiplex ASD families. The

BPASS has the benefit of combining responses from a

semi-structured clinical interview with behavioral obser-

vations. Overall, M-mothers and M-fathers were signifi-

cantly more likely than S-mothers and S-fathers to

demonstrate decreased interest in interacting with peers

(both in childhood and adulthood) and to show low initi-

ation of social interactions in group social situations

(BPASS Social Interest domain). Additionally, 66 % of

M-fathers were rated as having low to very low social

interest in at least one domain compared to 33 % of

S-fathers. M-siblings showed a trend for decreased social

interest, and were significantly more likely to be rated asT
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Fig. 1 Distribution of social interest domain scores for mothers,

fathers, and unaffected siblings in simplex (shown in black) and

multiplex (shown in grey) families. Domain scores range from 1 to 5

and are based on codes from semi-structured BPASS interview

questions regarding social interest and social apprehension. Lower
scores indicate greater social interest and motivation
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having very low levels of social interest compared to

S-siblings (39 vs. 22 %).

Clinical observation of nonverbal social communication

skills (BPASS Expressiveness domain) confirmed self- and

parent-report of decreased social interest in multiplex versus

simplex families. Mothers, fathers, and siblings from multi-

plex families less frequently used integrated eye gaze, social

smiling, directed facial expressions, and typical vocal prosody

compared to family members from simplex families. Further,

M-fathers and M-siblings versus S-fathers and S-siblings

offered excessive detail in conversation and failed to provide

sufficient information in their verbal exchanges (BPASS

Conversation Domain) more often, suggesting more impaired

conversation skills. Finally, M-siblings had, on average, more

patterns of restricted behavior (e.g., preference for sameness

in their schedule and physical space) and intense interests

compared to S-siblings and were more likely to be rated as

having clinically impairing behaviors in these areas (21 vs.

5 %, respectively). This pattern of increased repetitive

behaviors and interests was not observed in M-mothers and

M-fathers. The lack of difference may be due to the fact that

parenting a child with a disability often requires increased

structure; this may have overpowered underlying preferences

in both family types, despite efforts to disentangle behaviors

specific to child-rearing. Findings were similar to reports by

Fig. 2 Distribution of expressiveness domain scores for mothers,

fathers, and unaffected siblings in simplex (shown in black) and

multiplex (shown in grey) families. Domain scores range from 1 to 3

and are based on codes from observational clinician ratings of

nonverbal expressiveness (e.g., facial expressions, social smiling, and

eye contact). Lower scores indicate more integrated and appropriate

nonverbal expression

Fig. 3 Distribution of conversation domain scores for mothers,

fathers, and unaffected siblings in simplex (shown in black) and

multiplex (shown in grey) families. Domain scores range from 1 to 4

and are based on codes from observational clinician ratings of

conversation skills in terms of flexibility and appropriateness of

content. Lower scores indicate on-topic conversations that are

appropriate in content

Fig. 4 Distribution of range of interests/flexibility domain scores for

mothers, fathers, and unaffected siblings in simplex (shown in black)

and multiplex (shown in grey) families. Domain scores range from 1

to 5 and are based on codes from semi-structured BPASS interview

questions regarding preference for sameness in schedule and physical

space as well as range of interests. Lower scores indicate flexibility in

environment and larger and more flexible range of interests
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Bernier et al. (2012) in which parents of children with ASD

and parents of children with non-ASD developmental dis-

abilities showed similar preferences for increased structure in

schedule and physical environment compared to parents of

typically developing children.

Effect sizes were moderate to large across the four

BPASS domains and were most consistently observed in

siblings, followed by fathers, and then mothers. In general,

differences in the BPASS were more likely to occur in

fathers compared to mothers, supporting the role of sex

differences in the differential BAP presentation in simplex

and multiplex families. There were not enough siblings in

the current study to allow for valid comparisons of the BAP

separately by sex. M-siblings more consistently presented

with decreased social motivation, lower observed verbal

and nonverbal communication skills, and impairing repet-

itive behavior patterns. Thus, undiagnosed children from

multiplex families more closely modeled their siblings with

ASD whose symptoms involve impairment in these same

three domains. This suggests that ASD-related traits in

children from multiplex families may lie more on a con-

tinuum than in simplex families.

Findings from this study replicate previous reports using

clinical interview and questionnaire-based methods (Ber-

nier et al. 2012; Constantino et al. 2010; Losh et al. 2008;

Schwichtenberg et al. 2010; Virkud et al. 2009). However,

to our knowledge, this is the first report involving a clinical

observation and interview of undiagnosed siblings in sim-

plex and multiplex families.

Etiological and Clinical Implications

The decreased number and intensity of BAP traits observed

in S-parents and S-siblings provide behavioral support to

findings of increased de novo genetic events in simplex

families not shared by other family members since ASD-

related behavioral traits were found less frequently in

simplex compared to multiplex families. Thus, these

behaviorally based findings suggest that genetic causes of

ASD may vary between single-incidence and multiple-

incidence families and that family members in multiplex

families are more vulnerable to ASD symptoms given

shared genetic variance. An alternative explanation could

be that shared, contributory environmental effects, such as

stress of multiple children with disabilities, play a signifi-

cant role in the behavioral presentation of family members

of multiple families. Further, it is possible that individual,

causal environmental effects, such as exposure to toxic

substances in utero (as reviewed in Landrigan 2010), are

present in simplex families that are not shared by relatives

and this contributes to the observed differences.

In addition to offering insight into ASD etiology, con-

sideration of BAP traits in family members has important

clinical implications in terms of treatment planning. An

understanding of parent and family factors is crucial to the

development of any intervention plan for a child. In ASD,

awareness that BAP traits are present in some family

members, particularly in families who have multiple chil-

dren with ASD, should be part of overall family consid-

erations. Additionally, a careful family history prior to

treatment onset may be helpful in determining the potential

for BAP expression in multiplex families, and prove

helpful in clinical settings to recommend the most appro-

priate treatments for a child.

There were a number of limitations to the current study.

The primary drawback was that simplex and multiplex

samples were collected as part of separate research projects

conducted over nonoverlapping time periods. Although

study protocols, measures, clinical raters, and inclusionary/

exclusionary criteria were similar across studies, it is none-

theless possible that cohort effects exist. However, given

observed differences on particular outcome variables in

some groups and not others (e.g., in siblings but not mothers),

cohort effects are unlikely to fully account for the results.

Although there were sufficient numbers of participating

fathers and mothers to allow for separate analyses in par-

ents, there was an inadequate number of siblings to conduct

separate analyses by sex. Since the BAP likely presents

differently in males versus females, this warrants further

study. Additionally, it is possible that the findings of

increased BAP traits in multiplex families could be due to

greater parental stress related to the demands of raising

multiple children with developmental disabilities. The

BPASS is intended to assess and take into account current

and past (meaning both childhood and early adulthood)

preferences in coding decisions. Nonetheless, it is possible

that parents struggled to disentangle current from earlier

preferences. Future studies may benefit from including

measures of parenting-related stress to address this possible

confound. Although it would be challenging, an ideal

comparison group would consist of families who had mul-

tiple children with non-ASD developmental disabilities.

This study originated from genetic findings of an

increased prevalence of de novo CNVs in simplex versus

multiplex families. However, many simplex families do not

have currently identifiable de novo genetic events. To

decrease variability, future research may benefit from

focusing on those simplex families who have known de

novo mutations to determine the presenting phenotype in

the affected child and family.

Conclusion

In general, findings support a differential presentation of

the BAP in family members from multiplex compared to
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simplex families. M-mothers, M-fathers, and M-siblings

showed decreased social interest, more impaired nonverbal

communication abilities, and less flexible conversation

skills compared to S-mothers, S-fathers, and S-siblings. In

the area of restricted and repetitive behaviors, M-siblings

showed more impairing and repetitive patterns of behavior

than S-siblings. Because of the pervasiveness of BAP traits

in multiplex families, this pattern of results supports

genetic findings of increased rates of de novo genetic

mutations in affected children from simplex compared to

multiplex families.
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