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M-CHAT-R/F Performance in a High-Risk Infant Sibling Population
Kathryn Rae Bradbury, PhD
University of Connecticut, 2018

Most Autism Spectrum Disorder (ASD) screening measures have been developed for level 1
screening in low-risk (LR) children. Measures may perform differently in high-risk (HR) populations,
such as younger siblings of children with ASD, due to parent factors (i.e., experience with ASD) and
child factors (i.e., increased prevalence of ASD symptoms). The current study sought to investigate the
performance of an ASD screening measure, the Modified Checklist for Autism in Toddlers, Revised with
Follow-Up (M-CHAT-R/F), in a sample of HR younger siblings (n = 187) and directly compare its
performance to that in a LR comparison sample (n = 15,848). The M-CHAT-R/F demonstrated a
significantly higher screen positive rate and ASD detection rate in the HR sample compared to the LR
sample. High predictive power of the M-CHAT-R at initial screen, with limited incremental change after
Follow-Up, suggests that the Follow-Up is less critical in a HR sample. A significantly reduced rate of
changed responses during Follow-Up further supports improved reporting accuracy of parents with ASD
experience. Response to name was the best discriminating item regardless of risk group, although other
discriminating items differed. HR-ASD toddlers had higher cognitive functioning compared to LR-ASD
toddlers in the face of comparable ASD severity. This pattern of results is indicative of differential parent
responding as opposed to behavioral differences between risk groups. In sum, the findings of the current
study suggest that the M-CHAT-R/F can accurately distinguish between ASD and Non-ASD within the

first two years of life in a HR sibling sample.
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Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by deficits in
social communication and the presence of restricted interests and repetitive behaviors (American
Psychiatric Association [APA], 2013). The Centers for Disease Control and Prevention (CDC; 2016)
estimates that 1 in every 68 children (8-year olds) have ASD, with higher rates in males than in females
(4.510 1). In 4-year-old children, a lower prevalence estimate (1 in 75) and less unbalanced sex ratio (3.3
to 1) has been found (Christensen et al., 2016). Despite evidence indicating that reliable diagnoses can be
made around age two (Eaves & Ho, 2004; Kleinman, Ventola, et al., 2008; Turner & Stone, 2007), most
children with ASD are still not diagnosed until close to four years of age (CDC, 2016).

Parent Report of Concerns in ASD

Parents play a unique and critical role in alerting physicians to concerns that might not be
detected through pediatrician surveillance alone during a brief well-child visit (Dulcan et al., 1990). In
general, parent report tends to be very sensitive (.80), but not very specific for behavioral, emotional, or
communication concerns (Glascoe & Dworkin, 1995). Regardless of later diagnosis (ASD or Non-ASD),
communication-related or language concerns are the most common type of concern raised by parents
(Chawarska et al., 2007; Coonrod & Stone, 2004; De Giacomo & Fombonne, 1998; Herlihy, Knoch,
Vibert, & Fein, 2013; Hess & Landa, 2012; Siegel, Pliner, Eschler, & Elliott, 1988; Young, Brewer, &
Pattison, 2003), while socio-emotional concerns are typically less commonly reported (De Giacomo &
Fombonne, 1998; Hess & Landa, 2012). Simultaneous concerns across two or more developmental
domains are more indicative of later ASD diagnosis (Siegel et al., 1988). Taken together, these findings
suggest that parents may be more sensitive to overt behaviors, such as abnormal language development,
than more subtle behaviors, such as social development. However, when social concerns are voiced,
especially in high-risk (HR) samples, they demonstrate increased specificity when using standardized test
results as the “gold standard” compared to other types of concerns (Hess & Landa, 2012). In most of these
studies, parent concerns were elicited using broad, open-ended questions, such as “What first concerned

you about your child’s development,” which were then categorized by type of concern. In contrast,



questionnaires which probe each area of development, such as the Parents’ Evaluations of Developmental
Status (PEDS; Glascoe, 1997), may help to elicit additional concerns to which parents are less sensitive.
Moreover, specific questioning about social communication skills and abilities may be necessary to elicit
social concerns, as opposed to broad, open-ended questions (Coonrod & Stone, 2004).

There are mixed findings as to whether or not the age of first concerns differs by diagnostic group
(i.e., ASD vs. Non-ASD). Coonrod and Stone (2004) and Siegel et al. (1988) found, on average, parents
report first concerns around 18 months, regardless of later diagnostic status (i.e., ASD vs. Non-ASD). In
contrast, Zuckerman, Lindly
, and Sinche (2015) showed that parents of children with ASD report earlier concerns than parents of
children with ID/DD, and parents of children with comorbid ASD and ID/DD reporting the earliest
concerns. Increased ASD severity and social skill deficits may also lead to earlier age of first concern
within children who are later diagnosed with ASD (Coonrod & Stone, 2004).

Despite early reporting of concerns, there is often a lag between parents' first report of concerns
and when a diagnosis is obtained. Siegel et al. (1988) found a lag of approximately one year between the
report of first concern and the age of first diagnosis, and lag of approximately two additional years
beyond initial diagnosis before obtaining a definitive ASD diagnosis. Zuckerman et al. (2015) found a
similar delay of approximately 2.7 years between report of first concern and age at ASD diagnosis, with
over 44 percent of their sample experiencing greater than a three year delay. Parents of children later
diagnosed with ASD were more likely to receive a reassuring provider response compared to those who
were later diagnosed with ID/DD, and that was associated with increased delays between a discussion
with a provider about concerns and an ASD diagnosis (Zuckerman et al., 2015).

Research findings have been more consistent with respect to the quantity of parent concerns. By
24 months, parents of children later diagnosed with ASD report more concerns compared to parents of
children who are later diagnosed with another developmental diagnosis, such as developmental delay
(DD), specific language impairment (SLI), or typical development (TD; Hess & Landa, 2012; Veness et

al., 2011). However, comparable rates of concern are observed at eight and 12 months (Veness et al.,



2011). At 14 months, parent report of concerns differs in some samples (Chawarska et al., 2007), but not
in others (Hess & Landa, 2012). Increased reporting of concerns in ASD is also associated with familial
factors, such as higher levels of maternal depression (Talbott, Nelson, & Tager-Flusberg, 2015) and
poorer psychological well-being (Karp, Ibafiez, Warren, & Stone, 2017), as well as greater symptom
severity in older affected siblings (Talbott et al., 2015).

Parenting experience, specifically the opportunity to make comparisons to other children, also
impacts reporting of concerns for later-born children. This experience has long been known to be more
impactful than formal knowledge of development on parents’ willingness to raise concerns with health
care providers and on the accuracy of their concerns (Glascoe, Altemeier, & MacLean, 1989).
Experienced parents have been shown to report earlier concerns than first-time parents (De Giacomo &
Fombonne, 1998; Siegel et al., 1988). The presence of older siblings with ASD, in particular, is related to
earlier report of concerns about later-born children in some samples (Herlihy et al., 2013) but not in
others (Chawarska et al., 2007).

Parents who have older children with ASD tend to report more concerns about later-born children
than do parents who have older TD children (McMahon, Malesa, Yoder, & Stone, 2007; Ozonoff et al.,
2009; Sacrey et al., 2015). Furthermore, these parents report more concerns for later-born children who
later receive an ASD diagnosis compared to those who do not (Sacrey et al., 2015). In a sample of HR
infants, rate of parent concerns at 12 months was predictive of later ASD diagnosis at age 3, while the
type of parent concern indicative of later ASD diagnosis varied by time point (Sacrey et al., 2015).
Concerns about sensory and motor skills at 6 months were predictive of later ASD, while other concerns
were not predictive until later — social concerns at 12 months, communication concerns at 15 months, and
RRBs at 18 months (Sacrey et al., 2015). This pattern of concern appears to follow the typical
development of skills in these domains. Development of motor skills is especially prominent before the
onset of language, while the presence of atypical behaviors, such as repetitive behaviors, may not be
observed until later. Although, the literature suggests that repetitive behaviors, may arise as early as 12

months (Wolff et al., 2014), contrary to what was previously thought.



Parent concerns appear to be valid, as they are correlated with scores on standardized assessment
measures and predictive of later ASD diagnosis (Hess & Landa, 2012; McMahon et al., 2007; Ozonoff et
al., 2009). However, the predictive validity of parent concerns differs by domain and remains lower than
that of standardized measures, further emphasizing the need for more formal and systematic screening
(Hess & Landa, 2012). Several studies (Hess & Landa, 2012; Glascoe & Dworkin, 1995) promote the
elicitation of parent concerns as a pre-screening that warrants follow-up with standardized measures.

Consistent with this view, the American Academy of Pediatrics recommends ASD-specific
screening at 18- and 24-month well-child visits in addition to ongoing developmental surveillance and
broad developmental screening (Johnson & Myers, 2007). Implementation of universal screening using
standardized measures has been shown to lower the age of diagnosis to close to two years old (Robins et
al., 2014); this is especially important in minority populations and those with lower socio-economic
status, who may otherwise experience even greater delays (Herlihy et al., 2014). Familial factors,
including higher maternal education and parenting experience with other children, especially those with
ASD, also contribute to earlier diagnosis (Bickel, Bridgemohan, Sideridis, & Huntington, 2015).

Formal screening using evidenced-based screening measures improves early detection over
clinical surveillance alone; however, a combined approach including both, in conjunction with informal
elicitation of parental concerns, proves to be the most effective method (Miller et al., 2011). Universal
screening also facilitates identification of ASD-specific signs where parents do not have any concern
about ASD (Mathews, King, Kupzyk, & Lake, 2014). While universal screening identifies more cases,
physicians may still override screening results, which may lead to continued delays in diagnosis (Thomas,
Spragins, Mazloum, Cronkhite, & Maru, 2016).

ASD Screening in High-Risk Populations

Despite a substantial body of literature on differential parent concerns in children at HR for
developing ASD, little research has been conducted to determine how differential parental concern
translates to performance on formal ASD screening measures. Screening research is particularly

important as screening provides a prospective approach to collecting parent concerns which is less likely



to be biased than the retrospective report of parent concerns that is frequently collected as part of ASD
diagnostic interviews. Screening in HR populations is critical given the high proportion of children who
go on to develop severe psychopathology, including ASD (For review, see Arpino et al., 2010). However,
most ASD screening measures have not been developed explicitly for use in this population and thus, may
not display adequate predictive validity. To this end, Oosterling et al. (2009) examined several ASD
screening instruments (i.e., ESAT [Dietz, Swinkels, van Daalen, Van Engeland, & Buitelaar, 2006;
Swinkels et al., 2006], SCQ [Rutter, Bailey, & Lord, 2003], ITC [Wetherby & Prizant, 2002], and key
items of the CHAT (Baron-Cohen, Allen, & Gillberg, 1992) and found that no instrument demonstrated
adequate sensitivity, specificity, PPV, or NPV at either the level of a total score or individual items in a
HR population (due to physician referral or screen positive on ESAT) aged 8 to 44 months.

Most research on screening for ASD in HR populations conducted thus far has focused on
children that have been deemed at-risk due to prematurity, positive screen on another measure, or
pediatrician concern. In extremely premature infants, M-CHAT/F (Robins, Fein, & Barton, 1999) screen
positive rates are significantly higher than compared to low-risk (LR) populations, ranging from 21 to
41% (Kuban et al., 2009; Limperopoulos et al., 2008; Luyster et al., 2011; Moore, Johnson, Hennessy, &
Marlow, 2012). However, studies caution that screen positive results should be interpreted within the
context of other neurodevelopmental impairments, as they may represent a high false positive rate given
high correlations between sensory impairments and screen positive rates (Kuban et al., 2009; Luyster et
al., 2011; Moore et al., 2012). High screen positive rates on the M-CHAT/F in these populations are
consistent with elevated screen positive rates (20%; Stephens et al., 2012) on other ASD screening
measures, such as the PDDST-II (Siegel, 2004), even though the latter instrument was developed for
screening with more impaired populations. It is important to note that few studies of ASD screening in
extremely premature infants have examined diagnostic accuracy of positive screens. In one study,
Johnson et al. (2010) found that while 15.8% of children screened positive on the SCQ (Rutter et al.,
2003), only 8% received an actual ASD diagnosis; thus, providing further support of a large proportion of

false positives contributing to high screen positive rates in these HR extremely premature populations.



Similarly, elevated screen positive rates (40%) on the M-CHAT/F have been observed in a HR
population referred from early intervention (EI) sites or due to pediatrician concerns (Kleinman, Robins,
et al., 2008; Pandey et al., 2008). However, unlike Johnson et al.’s (2010) findings in premature infants,
children referred from EI who screened positive on the M-CHAT/F were much more likely to receive an
ASD diagnosis, as evidenced by a high positive predictive value (PPV) of .76. Furthermore, Kleinman,
Robins, et al. (2008) found that the Follow-Up interview was not as critical in the HR population to
reduce false positives, as it only raised the PPV from .60 to .76, compared to a large increase in PPV from
.11 t0 .65 in the LR sample. Of note, children diagnosed with ASD from either sample (LR or HR) did
not differ with respect to clinical characteristics. Pandey et al. (2008) found similarly high M-CHAT/F
PPV rates (.74 to .79) in a larger HR sample also referred from EI providers, irrespective of age at screen
(i.e., less than 24 months vs. greater than 24 months). It is likely that false positive rates are lower in EI-
referred populations and in HR younger siblings than in extremely premature infants, who are susceptible
to substantially more varied neurodevelopmental impairments that may or may not be directly associated
with ASD (See Arpino et al., 2010 for review).

ASD Screening in High-Risk Younger Siblings

In an effort to better understand the early emergence of ASD symptoms and their development
over time, research in the field has focused on infant (i.e., younger) siblings of children with ASD (for
review, see Szatmari et al., 2016). The term younger siblings will be used instead of infant siblings in the
current paper as the study participants are toddlers. This population is at increased risk for developing
ASD, with recurrence risk ranging from 10-20% (Constantino, Zhang, Frazier, Abbacchi, & Law, 2010;
Messinger et al., 2015; Ozonoff et al., 2011; Szatmari, 1999). Diagnosis is relatively stable in HR
younger siblings, with 83% of children diagnosed at 18 months and 92% diagnosed at 24 months
continuing to meet criteria for ASD at 36 months (Zwaigenbaum et al., 2016). Those HR younger siblings
who do not ultimately develop ASD often have other developmental delays and subclinical ASD

symptoms that are also frequently in need of treatment (Gamliel, Yirmiya, Jaffe, Manor, & Sigman, 2009;



Messinger et al., 2013; Toth, Dawson, Meltzoff, Greenson, & Fein, 2007), which makes screening in this
population essential.

While screening in HR younger siblings is vital, it is also more complicated than screening in the
general, LR population, especially since many of measures were not explicitly developed for use in a HR
population. Macari et al. (2012) determined that HR younger siblings may display a unique constellation
of symptoms early on that lead to a later ASD diagnosis which may differ from symptoms in children in
the LR population who go on to receive an ASD diagnosis. In addition, the higher prevalence of sub-
clinical ASD symptoms in this population (Constantino et al., 2006; Pickles et al., 2000; Schwichtenberg,
Young, Sigman, Hutman, & Ozonoff, 2010) may make it more difficult to distinguish those who will go
on to have ASD from those who will not. Parents of HR younger siblings may also be influenced by other
factors including parenting experience (McMahon et al., 2007; Ozonoff et al., 2009; Sacrey et al., 2015)
and psychological well-being (Karp et al., 2017; Talbott et al., 2015), adding a further layer of
complication. These factors are all likely to interact and to contribute to differential screener performance
in HR populations that is not yet well understood.

To date, there have been few studies published investigating screening for ASD in a HR younger
sibling population. See Table 1 for summary of studies. Two studies (Stone, McMahon, & Henderson,
2008; Zwaigenbaum et al., 2005) have been conducted using clinician-rated observations and four studies
(Feldman et al., 2012; Rowberry et al., 2015; Sacrey et al., 2016; Weitlauf, Vehorn, Stone, Fein, &
Warren, 2015) have been conducted using parent-report questionnaires. Sample sizes of HR younger
siblings range from 59 (Stone et al., 2008) to 204 (Sacrey et al., 2016). Most studies consisted of
screening at one or two time points, while two studies (Feldman et al., 2012; Sacrey et al., 2016)
repeatedly screened HR children at six time points. While it may be important to conduct ongoing
screening, especially in HR younger siblings where patterns of onset may show increased variability
(Bryson et al., 2007; Macari et al., 2012), familiarity of the items on a repeated measure must be
considered when interpreting their psychometric properties. Moreover, Sacrey et al. (2016) noted that

parents received feedback on their ratings, which in turn may have impacted subsequent ratings.



From this point on, all HR younger siblings who later receive an ASD diagnosis will be referred
to as HR-ASD, all HR younger siblings who later receive a Non-ASD diagnosis will be referred to as HR-
NonASD, and all LR typically developing controls will be referred to as LR-TDC. Clinician-rated
measures of observation have demonstrated the ability to differentiate between HR-ASD from HR-
NonASD and LR-TDC as early as 12 months on the Autism Observation Scale for Infants (AOSI;
Bryson, McDermott, Rombough, Brian, & Zwaigenbaum, 2008; Zwaigenbaum et al., 2005) and 14
months on the Screening Tool for Autism in Two-year-olds (STAT; Stone, Coonrod, Turner, & Pozdol,
2004; Stone et al., 2008). Zwaigenbaum et al. (2005) identified the following behavioral risk markers at
12 months to be predictive of ASD diagnosis at 24 months: atypical eye contact and visual tracking,
disengagement of visual attention, reduced orienting to name, imitation, social smiling, and social
interest, as well as atypical reactivity and sensory-oriented behaviors. Stone et al. (2008) examined an
extension of the STAT to younger age ranges and found adequate predictive power (PPV = .68) for a
modified cut-score of 2.75 in children 14 months and older. However, specific behavioral markers that
differentiated HR-ASD from HR-NonASD were not identified. The sample also included children who
were referred due to physician concern (n = 12), which make comparisons to the other studies with only
HR younger siblings more complicated. Taken together, these findings indicate that clinician-rated
screening measures are able to identify behavioral markers that differentiate HR-ASD from other HR
younger siblings early in the first two years of life.

More recently, several studies have examined the ability of parent-rated screening measures to
differentiate between these groups. Feldman et al. (2012) was the only study to examine this in a measure
specifically designed for screening in a HR sibling population, the Parent Observation of Early Markers
Scale (POEMS). The POEMS (Feldman et al., 2012) was developed to monitor HR younger siblings over
the course of their development based on items from the ADI-R (Lord, Rutter, & Le Couteur, 1994),
ADOS (Lord et al., 2000), and the Childhood Autism Rating Scale (CARS; Schopler, Reichler, & Renner,
1995). It includes items specific to ASD, as well as items that tap into behavioral and emotional concerns.

Parents rate the items on a 4-point scale, similar to the CARS. Feldman et al. (2012) found that POEMS



scores were significantly higher for HR-ASD children compared to HR-NonASD children beginning at 9
months and all following screening time points through 24 months. Items that differentiated between
diagnostic groups at 9 months included: interest in faces, shifts attention to person, mood, response to
name, and waiting. Despite the ability to differentiate HR-ASD children from other HR children by 9
months, the overall PPV for the POEMS was quite low (.21), with the highest predictive power seen at 9
months (PPV = .29; Feldman et al., 2012). One major limitation of the study was the very small sample of
children who were ultimately diagnosed with ASD (n = 9) and the reliance on community diagnosis for
diagnostic classifications.

Sacrey et al. (2016) took a similar approach to Feldman et al. (2012) and examined performance
of a parent-completed screening measure, the Autism Parent Screen for Infants (APSI), at six time points
over the course of development beginning at 6 months and continuing through 24 months. The APSI is a
26-item questionnaire based on the AOSI (Bryson et al., 2008), where for each behavior, parents rate
whether the child “definitely” or “possibly” exhibits the behavior or “no” he/she does not exhibit the
behavior. Sacrey et al. (2016) found that total scores on the APSI across all screening time points
beginning at 6 months differentiated HR-ASD from HR-NonASD and LR-TDC at 36 months. Individual
items that differentiated between diagnostic groups were visual tracking and vocalization with parents. By
18 months, the HR-ASD group showed differential performance on 21 of the 26 items on the APSI
(Sacrey et al., 2016). PPV ranged from .47 (6 months) to .68 (18 months), while the optimal sensitivity
and specificity balance was achieved at the youngest age range (6 months). Recently, when Sacrey et al.
(2017) compared parent-report on the APSI to clinician ratings on the AOSI, they found relatively poor
agreement between ratings. However, this was likely due to the fact that parents identified an additional 9
items beyond those observed by clinicians that differentiated between HR-ASD and HR-NonASD
children, emphasizing the importance of parent report when screening for ASD. Results indicate that
parents can identify at-risk behaviors that may be less likely to appear during a brief observational

screening measure, such as repetitive motor behaviors, unusual sensory responses, and reactivity.



In another study, Rowberry et al. (2015) examined whether the First Year Inventory (FY1,
Baranek, Watson, Crais, & Reznik, 2003), an ASD screening instrument developed for 12-month-old
children, could distinguish HR-ASD from HR-NonASD and HR children with typical development (HR-
TD). They found that the FYI Imitation construct (social imitation skills, early motor, and vocal skills)
was the best at discriminating between these outcomes, with large effect sizes (Cohen’s ds greater than 1).
Parent ratings on the FY| for social behaviors, but not sensory or repetitive behaviors, were correlated
with clinician ratings on the Autism Diagnostic Observation Schedule — Toddler Module (ADOS-T; Lord,
Luyster, Gotham, & Guthrie, 2012). These results suggest that parents are noticing and reporting
differences in social behavior more than sensory and repetitive behaviors (Rowberry et al., 2015).
Although, this discrepancy may indicate that sensory and repetitive behaviors may be less likely to be
observed in an evaluation as in Sacrey et al. (2017).

Last, Weitlauf et al. (2015) examined the performance of the M-CHAT-R/F (Robins, Fein, &
Barton, 2009) at 18 months in a subset of HR younger siblings (n = 74) from a single site within the
current larger scale, multi-site study. PPV estimates for the HR sibling population (PPV = .78) were
significantly higher than that of a LR population (PPV = .475; Robins et al., 2014), which is expected
given high recurrence risk of ASD in younger siblings (10-20%; Constantino et al., 2010; Messinger et
al., 2015; Ozonoff et al., 2011; Szatmari, 1999). Consistent with findings from LR populations (Robins et
al., 2014), PPV (.96) was higher for identifying children with any developmental concerns opposed to
solely ASD (PPV =.78; Weitlauf et al., 2015). Of note, children at-risk for ASD, defined by the presence
of ASD symptoms not definitive enough to warrant diagnosis (typically due to age or complexity) were
included in the HR-ASD group. The inclusion of these children may have contributed to higher PPVs
seen in this study. Again, differential performance on individual items for the HR-ASD group was not
examined.

Taken together, these studies provide strong evidence that parents of HR-ASD children are able
to identify and report at-risk behaviors within the first two years of life that predict later ASD diagnosis

with fairly good discriminability. However, the previous literature has not thoroughly addressed how
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ASD screening in this population compares directly to ASD screening in a LR population. Several studies
only utilized a HR sample (Feldman et al., 2012; Stone et al., 2008; Weitlauf et al., 2015), while others
included a LR control group of typically developing children without a family history of ASD (Rowberry
et al., 2015; Sacrey et al., 2016; Zwiagenbaum et al., 2005). None of the studies conducted thus far has
included LR children who are later diagnosed with ASD. Moreover, while previous work has discussed
screening in the context of ASD symptomatology, few studies have used a large, well-characterized
sample and interpreted their findings within this context.
The Present Study

The current study seeks to extend research on ASD screening in HR siblings to determine how
parenting experience (i.e., having an older child on the spectrum) and child characteristics (i.e., increased
ASD symptomatology) impacts responses about subsequent children on a standardized ASD screening
measure, the M-CHAT-R/F. In contrast to previous studies, the current study directly compares screening
in a HR sample of younger siblings to screening in a large LR sample to better understand how these
measures perform differently in these two populations. To this aim, psychometric properties of the M-
CHAT-R were examined, including screen positive rate, ASD detection rate, PPV, and internal
consistency. The values were then compared to the psychometrics of the M-CHAT-R with a LR sample, a
subset of the sample from the M-CHAT-R/F validation study by Robins et al. (2014). Item-level analyses
were conducted to identify potential differences in item performance between the HR and LR samples.
Discriminant function analyses (DFAs) were conducted to determine which items were best at
discriminating between ASD and Non-ASD within each of the samples. A series of two-way between-
subjects ANOVASs were run to examine the impact of risk status and diagnostic group upon ASD severity,
cognitive ability, and adaptive functioning. Exploratory simple main effects analyses were run to compare
the HR-ASD and LR-ASD groups.

Given previous research, we hypothesized the following — (1) the HR sample will have a higher
screen positive rate than the LR sample, (2) the M-CHAT-R/F will demonstrate higher predictive power

(i.e., higher PPV) in the HR sample compared to the LR sample, (3) parents of children in the HR sample
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will be more accurate in their reporting of at-risk behaviors, leading to fewer items changing between
initial screen and Follow-Up interview, and (4) items that best discriminate between ASD and Non-ASD
cases on the M-CHAT-R will be comparable in HR and LR samples. Given the very limited research on
behavioral differences between LR and HR samples with ASD, exploratory analyses were conducted

examining clinical characteristics and no specific hypotheses were made.

Methods

Participants

Toddlers at high familial risk (HR) for ASD were recruited directly through ASD resource fairs
or indirectly through clinical research or treatment involving an older sibling with ASD. High familial
risk was defined by the presence of at least one confirmed affected older full or half sibling (proband). A
total of 241 HR toddlers were screened with the Modified Checklist for Autism in Toddlers, Revised with
Follow-up (M-CHAT-R/F; Robins et al., 2009) at one of three sites — University of Connecticut (UConn)
in Storrs, CT, University of Washington (UW) in Seattle, WA, and Vanderbilt University (VU) in
Nashville, TN. Fifty-four toddlers were excluded as they did not meet study inclusion criteria or for other
reasons. HR toddlers were excluded if they were a twin of the proband (n = 1), had a severe sensory or
motor impairment to preclude testing, a pre-existing diagnosis of ASD or other known neurological
condition prior to screening (n = 3), a birth weight < 2000g, or a gestational age < 37 weeks (n = 3).
Children were also excluded if they were screened outside of the eligible screening range (16 to 30
months; n = 11), if parents refused participation (n = 8), or ASD diagnosis of proband was not confirmed
(n = 4). Eight children were excluded for unknown reasons and 16 children were lost to follow-up during
the enrollment process.

Children with incomplete data (i.e., incomplete Follow-Up or incomplete evaluation) were also
excluded from analyses (n = 12) — three did not complete Follow-Up and 9 did not complete evaluation.

Completers were more likely to identify their race as White compared to non-completers, ¥2 (1, n = 179)

=10.19, p =.001, ¢ = .24. No other systematic differences were observed, such as age at screen, sex, or
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maternal education. The final HR sample consisted of 175 toddlers between 16 and 30 months (M = 21.2,
SD = 4.1) who were screened at UConn (n = 23), UW (h = 49), or VU (n = 103). See Table 2 for
demographics by study site; there were no significant differences among the sites.

The current study utilized a subsample of children from the M-CHAT-R/F validation study
(Robins et al., 2014) as a LR comparison group screened during well-child visits at the pediatrician office.
Only children who completed screening in English were included in the LR comparison sample (329
children screened in Spanish were excluded). An additional 44 children were excluded as they did not
meet inclusion criteria or for other reasons. Specifics of recruitment and inclusion/exclusion criteria for
the LR sample are described elsewhere (Robins et al., 2014). The final LR sample consisted of 15,400
toddlers screened at UConn (n = 5,612) and Georgia State University (GSU; n = 9,788) between 16 and
30 months (M = 20.96, SD = 3.30). See Table 3 for demographics by risk group. The LR sample was
50.7% male, and 59.9% identified as White. Mothers of children in the LR sample were generally highly
educated (51.5% college educated). The HR and LR samples were comparable with respect to
demographic variables, except the LR sample had more children of color (% [1, n = 14,516] = 45.59, p <
.001, ¢ =.06) and a lower proportion of males (32 [1, n = 15,321] = 4.04, p = .044, ¢ = .02). However,
these differences had very small effect sizes. There was no group difference in maternal education.
Procedure

All procedures were approved by the Institutional Review Board at each participating site.
Caregivers of participating children completed the M-CHAT-R in English. The caregivers of children
who screened positive were contacted and asked the structured Follow-Up questions to confirm at-risk
responses. Children who continued to screen positive were invited to attend a free developmental and
diagnostic evaluation at their local university conducted by a clinician team consisting of a licensed
clinical psychologist or developmental pediatrician and a clinical psychology doctoral student or trained
research assistant. Evaluations included direct assessment of cognitive and social-communication skills as

well as parent report of development, ASD symptomatology, and adaptive skills collected via interview.
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At the end of the evaluation, parents were provided with verbal feedback, including any appropriate
diagnoses and recommendations, and they were sent a comprehensive report via mail.

ASD diagnoses were made based upon expert clinical judgment using all available information
according to DSM-IV-TR (APA, 2000) criteria. Children who did not meet criteria for ASD were
diagnosed with other developmental diagnoses, such as developmental delay or developmental language
disorder, as appropriate. Children who did not meet criteria for any DSM-IV-TR criteria, but who had
significant subclinical ASD symptoms of concern were labeled as “At-Risk for ASD” (i.e., broader
autism phenotype) and those with other notable subclinical symptoms were labeled as “No diagnosis”.
The label “developmental delay or concern” is used going forward to describe all children with a non-
ASD diagnosis, except those with typical development. For the purposes of this study, typical
development was defined as not meeting ASD criteria on ASD measures, having no delays of greater than
one and half standard deviations on any cognitive or adaptive domain, and not meeting criteria for any
other clinical diagnosis in DSM-IV-TR.

For screen positive cases in the HR sample, a similar evaluation was also conducted with each
child’s older sibling with ASD (proband) for diagnostic confirmation. Diagnosis of probands for children
who screened negative on the M-CHAT-R/F (and were not evaluated) was confirmed via review of a
previous evaluation report and parent completion of the SCQ (Rutter et al., 2003).

Efforts were made to detect missed cases (children with ASD who screened negative on the M-
CHAT-R/F) in both groups. Pediatricians were asked to “flag” children about whom they had ASD-
specific concerns. One site (VU) also followed up with a subset of screen negative cases, results of which
were previously published in Weitlauf et al. (2015). For more details about ascertaining missed cases in
the LR sample, see Robins et al. (2014). All supplemental methods for detecting false negative cases
triggered automatic evaluation.

Measures
Modified Checklist for Autism in Toddlers, Revised with Follow-up (M-CHAT-R/F). The

M-CHAT-R/F is a 20-item, parent-completed, ASD-specific screener validated for use in children
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between the ages of 16 and 30 months (Robins et al., 2014). A positive screen on the M-CHAT-R consists
of three or more at-risk responses out of 20 total items, while a positive screen on the Follow-Up (M-
CHAT-R/F) consists of two or more at-risk responses. The Follow-Up interview consists of additional
guestions to confirm at-risk responses. As this project was conducted concurrently with the M-CHAT-R/F
validation study, a two-stage screening process as described in Robins et al. (2014) was utilized for a
portion of the sample. Eight children who received “high fail” scores on the M-CHAT-R (i.e., > 8)
bypassed Follow-Up and were immediately eligible for evaluation.

Social Communication Questionnaire (SCQ). The SCQ (Rutter et al., 2003) is a 40-item
parent-report questionnaire used to assess ASD symptomatology in children aged four and older. The
SCQ demonstrates good internal consistency (o = .90) and strong convergent validity with the ADI (r =
.71; (Berument, Rutter, Lord, Pickles, & Bailey, 1999). The initial standardization sample suggested a
cutoff of greater than or equal to 15, which yielded a relatively good sensitivity (.85) and specificity (.75;
(Berument et al., 1999). More recent research recommends lower cutoffs, such as 11 (Wiggins, Bakeman,
Adamson, & Robins, 2007) or 13 (Snow & Lecavalier, 2008), in younger children as the measure is not
as sensitive in these populations. The SCQ was used in the current study to confirm diagnosis of probands
with a cutoff of 11. The Current version was used for probands younger than six years old, while the
Lifetime version was used for probands six years and older.

Autism Diagnostic Observation Schedule (ADOS). The ADOS (Lord et al., 2000) is a play-
based diagnostic instrument used to elicit social communication and restricted and repetitive behaviors.
Different modules are used based on a child's age and language ability. Inter-rater reliability was high for
Module 1 (Mky .78) and Module 2 (Mky of .70; (Lord et al., 2000). Most children received the ADOS as
the ADOS-2 (Lord et al., 2012) was still in development at study start. Modules 1 and 2 were used in the
current study. To facilitate comparison across modules, ADOS calibrated severity scores were calculated
for Overall Severity, Social Communication Severity, and RRB Severity, using algorithms developed by

Gotham, Pickles, and Lord (2009) and Hus, Gotham, and Lord (2014) respectively. ADOS Calibrated
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Severity Scores are comparable to ADOS-2 Comparison Scores and were used to characterize the sample.
ADOS scores were also considered during diagnostic decision making in the current study.

Developmental History Form. Demographic characteristics, developmental history, and family
history were collected through an investigator-developed Developmental History Form. Information
collected on this form was used in characterizing the current sample. Maternal education was used as a
proxy for socio-economic status.

Parent Interview of ASD Symptoms. Parent report of ASD symptomatology was collected
through two separate semi-structured interviews dependent upon a child’s age — the Toddler Autism
Symptom Inventory (TASI; Barton, Boorstein, Dumont-Mathieu, Herlihy, & Fein, 2012) for children
under three years old and the Autism Diagnostic Interview, Revised (ADI-R; Lord et al., 1994) for older
children. Both interviews were developed based upon DSM-IV-TR criteria of Autistic Disorder and are
used to assess the presence of symptoms. The TASI is investigator-developed and is currently undergoing
reliability testing and validation. Results from the interviews were considered for clinical best estimate of
diagnosis.

Childhood Autism Rating Scale (CARS). The CARS (Schopler et al., 1995) is a 15-item
clinician rating scale of ASD severity based upon observation and parent report. While a cut-off of 30 is
typically used for Autistic Disorder, a cutoff of 25.5 has been proposed for ASD more broadly
(Chlebowski, Green, Barton, & Fein, 2010). Each item is rated on a 7-point scale ranging from 1 (“within
normal limits for that age”) to 4 (“severely abnormal for that age”), with half point scores possible
between the anchors. Internal consistency of the CARS is high (o = .94) and inter-rater reliability is good
(.71; Schopler et al., 1995). A recent factor analysis of the CARS provided support for a three-factor
solution (Social Communication, Stereotyped Behaviors and Sensory Sensitivities, and Emotional
Reactivity) in a sample of two-year-olds (Moulton, Bradbury, Barton, & Fein, 2016). Factor scores are
calculated by the average score across each of items that load on the factor, resulting in a score ranging

from 1 to 4, which is interpreted similarly to individual CARS items. CARS total scores and factor scores
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were used to characterize the sample. CARS ratings were also considered during clinical best estimate of
diagnosis.

Mullen Scales of Early Learning (MSEL). The MSEL (Mullen, 1995) is a standardized test of
cognitive development for use in children between one to 68 months old and consists of five domains —
gross motor, visual reception, fine motor, receptive language, and expressive language. Each domain
yields a t-score and combines to yield an overall score called the Early Learning Composite. Inter-scorer
reliability is high, ranging from .91 to .99 across all age ranges (Mullen, 1995). The gross motor scale was
not administered in the current study. Due to floor effects on the MSEL, developmental quotients
(DQ=MA/CA*100) were derived using age equivalents as mental age, as has been done elsewhere in the
literature (e.g., Munson et al., 2008; Rowberry et al., 2015). Verbal DQ scores were derived by averaging
the age equivalents on the receptive and expressive language domains, while nonverbal DQ scores were
derived by averaging the age equivalents on the visual reception and fine motor domains. MSEL scores
were used to characterize the sample.

Vineland Adaptive Behavior Scales — Second Edition, Survey Interview Form (VABS-I1).
The VABS-II (Sparrow, Cicchetti, & Balla, 2005), is a semi-structured parent interview used to assess a
child’s adaptive behavior skills across four domains — communication, socialization, daily living, and
motor skills. Each domain yields a standard score and combine to yield an overall Adaptive Behavior
Composite score. Inter-rater reliability is high, ranging from .73 to .87 across domains in the zero to six
years of age cohort, and test-retest reliability was also high, ranging from .82 to .86 in the zero to two

years of age cohort (Sparrow et al., 2005). VABS-II scores were used to characterize the sample.

Results
Performance of the M-CHAT-R/F
No significant differences were observed in demographic variables across HR study sites, so the
samples were combined for all subsequent analyses. Internal consistency for the M-CHAT-R was

significantly greater for the HR sample (Cronbach’s o = .88) than for the LR sample (Cronbach’s o =
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.64), as determined by Feldt Test (W = .34, p < .0001; Feldt, 1969). This suggests that M-CHAT-R items
perform better as aspects of a single construct in the HR sample than the LR sample.

Of the 187 HR children who were screened, 76 (40.6%) screened positive on initial screening.
See Figure 1 for flow chart of screening results for HR sample. Follow-Up interviews were conducted for
65 (85.5%) of the eligible children to confirm at-risk responses. Eight children who had high fail scores
on initial screening (> 8) bypassed Follow-Up per the two-stage screening procedures described in Robins
et al. (2014). In most cases, Follow-Up was completed shortly after initial screening. Parents were
contacted several times before they were considered lost to follow-up. The delay between M-CHAT-R
completion and Follow-Up was significantly shorter in the HR sample (M = .63 months, SD = .87) than in
the LR sample (M = 3.73 months, SD = 4.57), t (181.2) = 15.46, p < .001, d = .69). After Follow-Up, most
children (n = 65; 85.5%) in the HR sample continued to screen positive (including the eight high fail
children) and were eligible for evaluation. Fifty-six evaluations were completed and 34 (19.4%) of HR
children received an ASD diagnosis.

In an effort to identify false negatives (ASD cases that screened negative), 44 evaluations were
conducted of screen negative cases due to reported physician concern (n = 1) or as part of VU’s follow up
on screen negative cases (n = 43). Description of these procedures and characterization of these children
is provided elsewhere (Weitlauf et al., 2015). Only two additional ASD cases were detected using these
procedures, which represents 4.5% of evaluated screen negative cases. Both of these cases were identified
through VU’s follow up on screen negatives. Extrapolated to the full set of children who screened
negative, it suggests that approximately 5 of the 111 screen negative children are likely false negatives.
As evaluation of screen negative children was limited in the current study, reliable sensitivity and
specificity calculations, as well as ROC analyses, could not be conducted.

A similar flow chart showing screening results for the LR comparison sample can be found in
Figure 2. Compared to the LR sample, the HR sample had a significantly higher screen positive rate at
both initial screen (LR = 7.1%; HR = 40.6%; %2 [1, n = 16,035] = 300.1, p <.001, ¢ = .14) and at Follow-

Up (LR = 37.1%; HR = 87.7%; %2 [1, n = 975] = 64.32, p < .001, ¢ = .26) with small to medium effect
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sizes, respectively. In the HR sample, 34 ASD cases were detected (19.4% detection rate), which was
significantly higher than in the LR sample (.65% detection rate; %2 [1, n = 15,575] = 715.42, p < .001, ¢ =
.20).

Positive predictive value (PPV) is the ratio of children who screened positive and received an
ASD diagnosis (i.e., true positives) to all children who screened positive (i.e., true positives and false
positives). See table 4 for PPVs by risk group and screening stage. For these analyses, any DD refers to
children who received an ASD diagnosis, another developmental diagnosis, or raised significant clinical
concern at evaluation. PPV for ASD in the HR sample was significantly higher than that of the LR sample
at initial screen (%2 [1, n = 841] = 65.62, p <.001, ¢ = .28), but not at Follow-Up (32 [1, n = 261] = 2.51, p
=.113, ¢ = .10). Furthermore, PPV for the HR sample did not differ between initial screen and Follow-Up
for either ASD (%2 [1, n = 120] = 0.70, p = .403, ¢ = .08) or for any DD (FET = .12, ¢ =.16), while PPV
for the LR sample was higher after Follow-Up for both ASD (y? [1, n = 982] = 119.51, p <.001, ¢ = .35)
and any DD (2 [1, n = 982] = 313.31, p <.001, ¢ = .56). Taken together, these results suggest that
Follow-Up was not as critical in the HR sample as it was in the LR sample to reduce false positives. For
the HR group, the M-CHAT-R/F continued to demonstrate a very high PPV (.982) for any DD, as in the
LR group (.941).
Item-Level Performance of the M-CHAT-R/F

The following analyses were completed with the subset of children who screened positive on the
M-CHAT-R and completed Follow-Up (HR: n = 59; LR: n = 956). As anticipated, the HR sample had
significantly higher M-CHAT-R total scores (HR: M =6.7,SD =2.9; LR: M=4.1,SD = 2.5; 1 (63.3) = -
6.80, p <.001, d = .06) and M-CHAT-R/F total scores (HR: M=5.1,SD=3.2; LR: M=1.3,SD=2.2;t
(61.4) =-9.18, p < .001, d = 1.72) than the LR sample. Due to the nature of Follow-Up (confirmation of
at-risk responses), item responses could only change from “at-risk” to “not-at-risk” during Follow-Up
guestioning. Total change scores were calculated for each subject based on the number of items whose

responses changed from M-CHAT-R to Follow-Up. Item responses were substantially less likely to
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change in the HR sample (M = 1.64, SD = 1.64) than in the LR sample (M = 2.90, SD = 1.71), t (1013) =
5.51, p <.001, d = .74, even though the average number of items failed was higher in the HR group.

Exploratory item-level analyses were conducted to better understand the response pattern within
the HR sample compared to the LR sample by examining the frequency of which each item changed from
an “at-risk” response to “not-at-risk” when asked during Follow-Up (see Table 5). To account for
multiple comparisons, a Bonferroni correction was utilized (.05/20 comparisons) leading to an adjusted
alpha value of .0025.

Parents of LR children were more likely to change their response during Follow-Up than parents
of HR children on 12 of the 20 items, with small to medium effect sizes (¢s = .24 - .38). On average,
parents of LR children changed their response 69.0% of the time (range: 48 - 89.1%) compared to 30.2%
of the time (range: 7.4 - 100%) for parents of HR children. Differential response change was most
substantive on Item 15 (imitation; ¢ = .38), Item 3 (pretend play; ¢ = .35), and Item 1 (follow point; ¢ =
.34), which represent relatively subtle social behaviors. The two items that changed equally across risk
groups inquired about overt skills such as walking (Item 13) or enjoying climbing (Item 4).
Discriminability of the M-CHAT-R/F

An exploratory discriminant function analysis (DFA) was conducted in an effort to further
characterize item performance in the HR sample and to determine the ability of the 20 items on the M-
CHAT-R to predict a best estimate ASD diagnosis. For the purposes of the DFA, HR children were
classified into two groups — HR children who received an ASD diagnosis (n = 34) and all other HR
children (M-CHAT-R(/F) screen negatives and those who received Non-ASD diagnoses; n = 130). Eleven
HR cases were excluded from the DFA analysis due to missing item-level data. Standardized canonical
discriminant function coefficients for each M-CHAT-R item are presented in Table 6. In the HR sample,
8 items were identified as differentiating well between ASD and Non-ASD. The top three items most
predictive of ASD on the M-CHAT-R were Item 10 (response to name) followed by Item 2 (wonder if

deaf) and then Item 5 (unusual finger movements) in descending order. The DFA correctly classified 28
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out of the 34 ASD cases (82.4%) and only misclassified 3 of the 134 non-ASD cases (i.e., false positives;
2.3%); overall, the complete M-CHAT-R/F discriminated between ASD and non-ASD cases in a HR
sample with 94.5% accuracy. Of the six ASD cases that were misclassified as non-ASD, two received
diagnoses of PDD-NOS and four received diagnoses of Autistic Disorder. Two cases screened negative
on initial screen and did not receive Follow-Up, and the remaining three cases scored relatively low on
the M-CHAT-R/F, suggesting parent underreporting. For the non-ASD cases misclassified as ASD, two
displayed significant subclinical ASD symptoms and were classified as At-Risk for ASD and the other
case had developmental concerns and did not receive any diagnosis.

Differential item failure on the M-CHAT-R between HR-ASD and HR-NonASD groups was
analyzed to better understand response patterns. With respect to the most predictive items determined by
the DFA, HR-ASD cases were significantly more likely to fail Items 10 (response to name) and 2
(wonder if deaf) than were the HR-NonASD cases. While Item 5 (unusual finger movements) was highly
predictive of ASD, it was rarely endorsed by parents of either HR-ASD or HR-NonASD cases. See Table
6 for differential failure rates for all M-CHAT-R items.

DFA was also run in the LR sample to determine whether the M-CHAT-R/F best discriminating
items were comparable to that of the HR sample. As done in the HR sample, the LR sample was divided
into two groups — LR children who received an ASD diagnosis (n = 108) and all other LR children (n =
14,245). Cases with missing data (n = 1047) were excluded from the LR DFA analysis. See table 7 for the
standardized canonical discriminant function coefficients. In the LR sample, 98.5% of cases were
correctly classified, which was higher than in the HR sample, likely due to the very high number of Non-
ASD cases in the LR sample. The DFA correctly classified 78 of the 108 ASD cases (72.2%) and only
misclassified 185 of the 14,245 non-ASD cases (1.2%). Seven items were identified as best
discriminating between LR-ASD and LR-NonASD. As in the HR sample, Item 10 (response to hame)
was the best at discriminating between ASD and non-ASD. In the LR sample, the next best discriminating
items were Item 7 (point to show) and Item 9 (show to share). While Items 2 (wonder if deaf) and 15

(imitation) discriminated well in the HR sample, they discriminated poorly in the LR sample. Conversely,
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Items 7 (point to show) and 9 (show to share) worked well to discriminate between ASD and non-ASD in
the LR sample but performed poorly in the HR sample. Item 16 (follow gaze) was the only other item that
served as a good discriminating item in both samples.

Clinical Characteristics of the Samples

Clinical data from all evaluated children who screened positive (LR: n = 205; HR:

n = 56), broken down by diagnostic group (ASD vs. Non-ASD) and risk status (LR vs. HR) can be found
in Table 8. The distribution of ASD and Non-ASD diagnoses was similar regardless of risk status, %2 (1, n
=261) = 2.51, p =.113, ¢ = .10. Almost half of the screen positive children received an ASD diagnosis
within each risk group (LR: 48.8%; HR: 60.7%). The Non-ASD groups were composed of children
determined to be At-Risk for ASD (LR: n = 4; HR: n = 6), to have a global developmental delay (LR: n =
50; HR: n = 4), developmental language disorder (LR: n = 23; HR: n = 1), other DSM-1V diagnosis (LR:
n = 1; HR: n = 1), no diagnosis (LR: n = 15; HR: n = 9), or typical development (LR: n =12; HR: n=1).

A series of two-way between subjects analysis of variances (ANOVAs) were conducted to
explore the impact of risk status (LR vs. HR) and diagnostic group (ASD vs. Non-ASD) upon measures
of screening (M-CHAT-R Total Score, M-CHAT-R/F Total Score, Change Score), ASD severity (ADOS
SA CSS, ADOS RRB CSS, ADOS Overall CSS, CARS Total, CARS SC Factor, CARS ER Factor,
CARS SSBS Factor) , cognitive ability (MSEL Verbal Developmental Quotient, MSEL Non-Verbal
Developmental Quotient, MSEL Developmental Quotient), and adaptive functioning (VABS-II
Communication, Daily Living, Motor, Socialization, Adaptive Behavior Composite). See Table 8 for
descriptives and Table 9 for main effects and interactions.

Given the aims of the current study, the main effect of risk status and the interaction between risk
status and diagnostic group were of most interest. Additionally, exploratory simple effects analyses were
run (adjusted for multiple comparisons using Fisher’s LSD) even when an interaction was not present, to
gain a better understanding of potential impact of risk status within the ASD group (see Table 10). Scores

on several measures violated Levene’s test of homogeneity of variances and use of more stringent p
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values (.01) was recommended to reduce Type | error rates (Weinberg & Abramowitz, 2008). Bonferroni
corrections were also considered to correct for multiple comparisons. Ultimately, an adjusted o value of
.003 (.05/18) was used as the Bonferroni correction was even more stringent than the recommended value
(.01). Effect sizes were measured using partial eta squared (n?%,), and strength of effect sizes were
interpreted using Cohen’s (1988) criteria of .01 for small effects, .06 for medium effects, and .14 for large
effects.

As anticipated, the main effect for diagnostic group was significant at the adjusted significance
levels on all screening and clinical characteristics, except for change score and VABS-1I Motor SS, with
effect sizes ranging from small to very large based upon Cohen’s (1988) criteria (n?, = .04 -.50). When
risk status was collapsed, there was no main effect of diagnostic group on change score, F (1, 252) = .001,
p =.976, n% < .001, indicating that the average number of items that changed when asked at Follow-Up
did not differ between toddlers diagnosed with ASD and those diagnosed with other disorders (Non-
ASD). Additionally, the ASD and Non-ASD groups showed a similar level of motor skills as measured
by the VABS-II, F (1, 244) = .63, p = .429, n?%,= .003.

With Bonferroni correction, no significant interactions between risk status and diagnostic group
were observed on any screening or clinical measure. This indicates that there is no significant difference
in the effect of risk status for ASD or Non-ASD toddlers. Thus, all significant main effects were
interpreted.

On screening measures, significant main effects for risk status were seen on the M-CHAT-R/F
Total Score and the Change Score with small to moderate effect sizes. Collapsed across diagnostic group,
HR toddlers (M = 5.8, SD = 2.8) scored significantly higher at Follow-Up than the LR toddlers (M = 4.5,
SD =2.6), F (1, 252) = 9.16, p = .003, n? = .04. Interestingly, the average change score (the average
number of items that change between initial screener and Follow-Up) was lower for the HR toddlers (M =

1.4, SD = 1.4) compared to the LR toddlers (M = 2.3, SD = 1.7), F (1, 252) = 13.74, p < .001, n% = .05.
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No significant interactions were seen between risk status and diagnostic group on either of these
measures.

After correcting for multiple comparisons, a main effect for risk status was not observed on any
measures of ASD severity indicating that LR and HR toddlers showed comparable levels of ASD
severity. This held true within the ASD group, with the exception of the CARS ER Factor Score. Simple
main effects analysis showed that within the ASD group, the HR-ASD toddlers were more emotionally
reactive than the LR-ASD toddlers, F (1, 232) = 12.47, p <.001, n? = .05.

Significant main effects of risk status were present on verbal, nonverbal, and overall cognitive
ability as measured by MSEL developmental quotients with moderate to large effect sizes. Collapsed
across diagnostic groups, HR toddlers (M = 68.6, SD = 26.4) had stronger verbal abilities compared to LR
toddlers (M = 56.3, SD = 23.7) with a medium effect size, F (1, 246) = 19.91, p <.001, n% = .08. HR
toddlers scored in the mild intellectual disability range, while the scores of the LR toddlers were
consistent with profound intellectual disability. As would be expected, nonverbal scores were higher in
both risk groups. However, there was still a substantial main effect of risk status on nonverbal ability
where HR toddlers scored in the low average range (M = 88.0, SD = 18.8) while the LR toddlers’ scores
(M =73.7, SD = 20.0) fell in the borderline range of functioning, F (1, 247) = 27.53, p < .001, n?% = .10.
In terms of overall cognitive functioning, the HR toddlers scored in the borderline range (M = 78.3, SD =
20.4) while the scores of LR toddlers (M = 65.1, SD = 20.2) were suggestive of comorbid moderate
intellectual disability, F (1, 246) = 28.08, p < .001, n% = .10. Simple main effects analyses indicate that
these findings hold true within the ASD group as well. HR-ASD toddlers had significantly higher verbal
(n?=.05), non-verbal (n? =.10), and overall cognitive ability (n? = .08) compared to LR-ASD toddlers,
with medium effect sizes. Of note, the standard deviations of both risk groups were quite large on all
measures of cognitive ability suggesting that while the means fell within the descriptive ranges mentioned

above, there was significant variability of cognitive functioning within both groups.
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Last, with respect to adaptive functioning, no significant main effects of risk status were observed
on any VABS-II domain when more stringent p values were used. Average scores on Communication,
Socialization, Daily Living, Motor, and overall adaptive functioning (Adaptive Behavior Composite)
were comparable across risk status, with diagnostic group collapsed and within only the ASD group.

In sum, the ASD group performed worse than the Non-ASD on almost all measures, as would be
expected. The HR group was higher functioning than the LR group on all measures of cognitive
functioning in the face of comparable adaptive functioning and ASD severity across groups. Exploratory
analyses suggested that these patterns held true within the ASD group as well, such that HR-ASD toddlers
demonstrated higher cognitive functioning than the LR-ASD group, while they were comparable with

respect to ASD severity.

Discussion

The current study sought to build upon existing literature on ASD screening in HR infant siblings
by examining the performance on the M-CHAT-R/F in a relatively large sample of HR toddlers. Unlike
past studies, the current study directly compared screening results in HR younger siblings to screening in
a large-scale, low-risk sample drawn from the M-CHAT-R/F validation study (Robins et al., 2014).
Response patterns and clinical characteristics were also compared across risk type.

Results indicate that the M-CHAT-R/F can successfully discriminate between ASD and Non-
ASD in a HR population between 18 to 24 months with good predictive power. Similar to M-CHAT/F
findings in other HR populations (Kleinman, Robins, et al., 2008), the Follow-Up interview was not
necessary to reduce false positives in the current HR sample. Low change rates during Follow-Up also
suggest parents with ASD experience are more accurate in their reporting of concerns on later-born
children. Exploratory item-level analyses suggest differential discrimination patterns exist in LR and HR
samples, likely due to the increased prevalence of the subclinical ASD symptoms in HR siblings or
parents’ familiarity with these symptoms. Within the ASD group, HR-ASD toddlers showed higher

cognitive functioning compared to LR-ASD toddlers. Other adaptive skills were comparable. Similar
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ASD symptom severity was observed across groups further supporting the idea that these findings
represent differential reporting based upon parent experience with ASD as opposed to behavioral
differences among the samples.

Performance of the M-CHAT-R/F

Increased internal consistency was seen in the HR sample compared to the LR sample (.88 vs
.64), suggesting that ASD at-risk behaviors may hold together better as a single construct in HR toddlers.
This is not surprising given evidence of the broader autism phenotype and increased prevalence of
subclinical ASD symptoms (Constantino et al., 2006; Pickles et al., 2000; Schwichtenberg et al., 2010),
which is not seen in low-risk populations. Possible differences in how HR parents answer the questions,
given their experience with ASD, may also contribute to these findings.

The screen positive rate was higher in HR toddlers compared to the LR sample. The screen
positive rate at the initial screen on the M-CHAT-R for HR toddlers in the current study was 40.6%,
which is consistent with a previous screening study conducted with a subset of 18-month-old HR toddlers
from the current sample (40%; Weitlauf et al., 2015). It is also comparable to screen positive rates (45%)
in HR sibling samples using other screening measures, such as the STAT (Stone et al., 2008). Elevated
screen positive rates in HR toddlers in this sample and others are similar to the elevated M-CHAT screen
positive rates seen in other HR groups, such as extremely premature infants, which range from 21-41%
(Kuban et al., 2009; Limperopoulous et al., 2008; Luyster et al., 2011; Moore et al., 2012) and in children
referred from EI or other providers (40%; Kleinman, Robins et al., 2008). This suggests that high M-
CHAT-R/F screen positive rates are quite consistent, regardless of the reason for their risk.

In order to determine predictive validity of M-CHAT-R screen positives, Follow-Up interviews
and diagnostic evaluations were conducted. The current study found an ASD detection rate of 19.4% in
the HR toddlers, which is highly consistent with recent recurrence rates estimates of 18.7% (Ozonoff et
al., 2011) and 19.5% (Messinger et al., 2015) for HR infant siblings. This consistency suggests that most
of the ASD cases were likely detected through parent completion of the M-CHAT-R/F in the HR sample

and few cases were missed. As expected, a 19.4% detection rate in the HR sample was significantly
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greater than the .65% detection rate in the LR comparison sample, whose rate was about 40% of the
current ASD prevalence rates in 8-year-olds (1 in 68 or 1.47%) reported by the CDC (2016) and about
50% of the current ASD prevalence rates in 4-year-olds (1.34%; Christensen et al., 2016). It is important
to note that these prevalence rates are based upon educational and medical records at ages 8 and 4
respectively, and we would not expect to identify all of these cases around the age of two.

As hypothesized, the PPV for the M-CHAT-R in the HR sample was significantly higher than
that of the LR comparison sample (.531 vs. .138), with small to medium effect sizes. After Follow-Up,
the PPV raised to .607 in the HR sample, however, this was not significantly higher than the PPV at
initial screen (.531). It is important to note that the PPVs found in the current sample are somewhat lower
than the PPVs for HR samples reported elsewhere. Lower PPVs compared to Kleinman, Robins et al.
(2008; PPV =.76) and Pandey et al. (2008; PPVs = .74 - .79) using the M-CHAT/F in an El-referred
population are expected and may speak to the increased difficulty in distinguishing between ASD and the
broader autism phenotype in the HR sibling population. Weitlauf and colleagues (2015) also found
notably higher PPVs (.783 after Follow-Up), in a subset of the current study sample of HR toddlers,
although this may be due to the inclusion of children deemed "at-risk™ for ASD in their PPV calculations.
In the current study, children deemed "at-risk™ for ASD were not included in the true positive count, as
one of the main objectives of the study was to determine how parent report on the M-CHAT-R/F could
differentiate between HR younger siblings who were later diagnosed with ASD and those with subclinical
ASD symptoms or other developmental concerns.

Relatively high PPVs were also found in HR children screened with the FY1 at 12 months (.71;
Rowberry et al., 2015). The PPV in the current study after Follow-Up (.607) was comparable to the PPV
seen at the optimal cutoff of the Autism Parent Screen for Infants (APSI; Sacrey et al., 2016) at 6 months
(.47), but lower than PPVs when screening in the age range comparable to the current study (.68 -.79;
Sacrey et al., 2016). Higher PPV rates in the Sacrey et al. (2016) may be due to more nuanced items on
the APSI compared to the M-CHAT-R/F. For instance, for RRBs the M-CHAT-R/F only asks about

unusual finger movements, while the APSI asks about hand use/holding objects, unusual sensory
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behaviors, insistence on a particular object, resist play/fixed play routines, all of which distinguish
between HR-ASD and HR-NonASD in the Sacrey et al. study.

In contrast, the PPV in the current sample (.607) was substantially higher than the PPV seen on
the POEMS overall (.21), at the optimal screening age of 9 months (.29) or at ages similar to the current
study (.20 - .29; Feldman et al., 2012). The POEMS’ PPVs seem low across the board, which may be due
to their reliance upon evaluations conducted in the community. As a delay in diagnosis is common among
community samples (CDC, 2016), it is likely that ASD cases were missed. Additionally, community
evaluations may be less rigorous, less reliant on standardized measures, and more variable in their
interpretation of ASD symptoms. These factors likely contributed to the lowered the PPV seen in the
Feldman et al. (2012) study. Current PPVs were also expectedly higher than that of ASD screening in
extremely premature infants despite similar screen positive rates, as screening in extremely premature
infants led to high false positive rates (Johnson et al., 2010).

Furthermore, PPV for the samples did not differ after Follow-Up in the current study. Consistent
with findings from Kleinman, Robins et al. (2008) with an El-referred HR sample, the Follow-Up
interview was not as necessary in the current sample of HR toddlers to reduce false positives, as it did not
significantly increase the PPV of the screening instrument (.531 to .607). This suggests that parents of
older children with ASD may be more accurate in their reporting of ASD at-risk behaviors for later-born
children. Parents' endorsement of at-risk behaviors on the screener is reflective of both the detection of
these behaviors as well as the willingness to report these behaviors. Parents' of HR children may be more
willing to report concerns for later-born children as they may be more familiar with the process of
evaluation and intervention and may recognize the importance of earlier detection and intervention in
addressing developmental concerns.

Item-Level Performance of the M-CHAT-R/F

The accuracy of parents of HR toddlers was further supported by exploratory item-level analyses

examining the percentage of time each at-risk item changed when asked during Follow-Up. Item

responses changed on average 69% of the time in the LR sample and only 30% of the time in the HR
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sample. Response change rates between the HR and LR samples differed on most items on the M-CHAT-
R/F (12 of 20), even following Bonferroni corrections, with small to medium effect sizes. Items that more
frequently changed in the LR population with the largest effect sizes (¢s = .34 - .38) tended to be subtler
social behaviors, with which parents of LR children may not be as familiar. This is consistent with
previous research suggesting that experience with older children, especially older children with ASD,
may sensitize parents to more subtle delays (Herlihy et al., 2013; McMahon et al., 2007; Ozonoff et al.,
2009; Sacrey et al., 2015).

Despite a high frequency of changed responses, the average number of items that change at
Follow-Up in the LR and HR samples is low (1.4 items in the HR group and 2.3 items on average in the
LR group). However, when considering the cutoff on the M-CHAT-R/F is 2 items, the small average
change score becomes more clinically meaningful. When diagnostic groups are collapsed, the LR groups
had significantly higher change scores than the HR group indicating that the HR was less in need of the
scaffolding that the Follow-Up provides. Of note, there was no main effect of diagnostic status, such that
parents of ASD toddlers and Non-ASD toddlers (collapsed across risk status), were equally likely to
change their responses at Follow-Up. No interaction between risk status and diagnostic group was seen on
average change scores. In sum, these results suggest that parents of an older affected child were more
accurate in their initial reporting, regardless of whether or not the younger sibling had ASD.
Discriminability of the M-CHAT-R/F

Discrimination ability of individual items was also explored and compared across samples. In
both samples, response to name was the most discriminating item between ASD and Non-ASD groups.
This item has previously been shown to be a good discriminator between ASD and Non-ASD ina LR
population on the M-CHAT(-R)/F (Robins, Fein, Barton, & Green, 2001). In a HR sample, response to
name has been shown to differentiate HR-ASD toddlers from HR-NonASD toddlers on the POEMS at 9
months (Feldman et al., 2012) and on the APSI and AOSI at 12 months (Sacrey et al., 2016;
Zwaigenbaum et al., 2005), while on the FYI, response to name differentiated HR-ASD groups from LR-

TD groups, but not from HR-NonASD groups at 12 months (Rowberry et al., 2015). Response to name
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alone at 12 months has been shown to have a specificity of .89 and a sensitivity of .50 for ASD diagnosis
at 24 months in a combined sample of HR and LR children, although it appears to differentiate better in a
HR sample (Nadig et al., 2007).

Imitation is another discriminating behavior that consistently distinguishes HR-ASD from HR-
NonASD (Feldman et al., 2012; Rowberry et al., 2015; Sacrey et al., 2016; Zwaigenbaum et al., 2005), as
seen in the current study. The FYI Imitation construct, which includes items about motor, vocal, and
social imitation, was best at discriminating HR-ASD from other HR-NonASD and LR-TD groups
(Rowberry et al., 2015).

Finally, eye contact was shown to discriminate well between HR-ASD from HR-NonASD in the
current sample but not in the LR sample, which is supported by the literature. Eye contact has been shown
to differentiate HR-ASD from HR-NonASD on the AOSI and APSI beginning at 12 months (Sacrey et
al., 2016; Zwaigenbaum et al., 2005). Moreover, Brian et al. (2008) found eye contact to be one of the top
three discriminating items on the AOSI based upon a DFA using only the items that differed between the
HR groups.

There were several items that discriminated well between ASD and NonASD in the current HR
sample that have not been previously identified in the literature. One of which was wondering if deaf, the
second best discriminating item in the HR sample. This item tries to ascertain if a child responds to
surrounding sounds and people, and thus can be considered a social orienting behavior. Walking also
differentiated HR-ASD from HR-NonASD in the current sample. Delayed fine and gross motor skills on
standardized assessment have been shown to differentiate between HR-ASD and HR-NonASD beginning
at 14 months (Landa & Garrett Mayer, 2006) and parent-reported motor concerns differentiate HR-ASD,
HR-NonASD, and LR-TDC as early as 6 months (Sacrey et al., 2015). Last, there were some behaviors
that have been shown to differentiate in some previous samples but did not do so in the current sample,
such as social interest (Feldman et al., 2012; Sacrey et al., 2016; Zwaigenbaum et al., 2005). This may be

due to nuanced differences in items, such as interest in faces (Feldman et al., 2015), sustained interest

30



and pleasure in interaction (Sacrey et al., 2016; Zwaigenbaum et al., 2005), and interest in other children
on the M-CHAT-R/F (Robins et al., 2014).

In a LR population, Veness et al. (2011) found items regarding showing, pointing, sharing
interest, gaze/point following, and requesting attention all differentiated ASD from TD through parent
report on the CSBS ITC at 24 months. Similarly, items regarding showing, pointing, and point following,
among others, were also shown to discriminate well between ASD and Non-ASD on the M-CHAT/F in a
LR population (Robins et al., 2001). The other items that show good discriminability on the M-CHAT-
R/F based on a larger LR sample from Chlebowski, Robins, Barton, & Fein (2013) include: response to
name, social interest, social responsivity, and pretend play. Four of the previously determined M-CHAT-
R/F items continued to show good discriminability in the LR sample in the current study. However, only
two of the items, those regarding social orienting (Item 10 — response to name and Item 2 — wonder if
deaf), show good discriminability in the HR sample. Following gaze was another item that showed good
discriminability in both HR and LR samples. The limited overlap between the best discriminating items
on the M-CHAT-R/F in the LR sample compared to previous studies is not surprising given the
difficulties in reliably replicating the “best” subset of items in new screening samples. In LR samples,
these “best” discriminating items have been identified as an alternative score cutoff for the M-CHAT (-
R)/F (> 2 of Critical6 in the original screener or of Best7 in the revised version). More recent research by
Robins et al. (2014) found that Best7 demonstrated less sensitivity and did not detect any additional cases
compared to using a total score cutoff of 3, leading them to conclude that overall total score is the most
appropriate score cutoff. Hence, the DFA conducted in the current sample is interpreted in an exploratory
manner and not in an effort to identify a best subset of items or alternative scoring cutoff for use with HR
children.

Taken together, these data suggest that key at-risk behaviors for ASD in the LR population may
not be the same behaviors that distinguish between ASD and Non-ASD in a HR population, either
because they are part of the broader autism phenotype (expected to be higher in the sibling group than the

general population) or because parents experienced with ASD are more accurate in reporting them. Given
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the relatively small sample size of HR toddlers in the current study, another DFA should be run with a
larger sample to replicate the findings from the current study before more definitive conclusions can be
drawn about differential patterns of discrimination in HR and LR samples.

Clinical Characterization of Samples

It is critical to interpret the results of the current study within the context of clinical
characteristics of the samples. As anticipated, the main effect of diagnostic group (ASD vs. Non-ASD)
was observed on almost all clinical measures. Because of how the children were assigned to diagnostic
group, this would be inevitable on measures of ASD symptomatology or severity. The ASD group in the
current study also showed weaker verbal and nonverbal cognitive abilities than the non-ASD group, with
medium to large effect sizes. This finding is consistent with literature that suggests by 24 months,
children with ASD show deficits in cognitive abilities compared to typically developing children and
children with delayed language (Landa & Garrett-Mayer, 2006). The current study replicated previous
findings of uneven cognitive abilities in some young children with ASD, with stronger non-verbal
abilities and weaker verbal abilities (Joseph & Tager-Flusberg, 2002; Landa & Garrett Mayer, 2006;
Munson et al., 2008). The ASD group also showed weaker adaptive skills on all VABS-II domains
(communication, daily living, motor, and socialization) compared to the non-ASD group, which is also
consistent with previous literature. Toddlers with ASD have been shown to exhibit a unique profile of
adaptive skills that are discrepant from children with other developmental disorders, such as language
impairment and developmental delay (Stone, Ousley, Hepburn, Hogan, & Brown, 2009). Socialization
and communication skills have shown to be substantially lower for children diagnosed with ASD than
those with other disorders, even when controlled for language abilities (Stone et al., 2009).

Due to the limited research comparing HR and LR samples that include a LR-ASD group,
exploratory analyses were conducted and no specific hypotheses were made. In the current study, main
effects of risk status were less common than main effects of diagnostic group. Clinical characteristics
analyses were conducted with a subset of toddlers who screened positive and were evaluated, to reduce

the impact of screen negative cases who were evaluated (to detect possible false negatives). To answer
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our main question of interest — Do HR-ASD and LR-ASD cases differ? — we focused on simple main
effects within the ASD group.

The HR-ASD group demonstrated higher verbal, non-verbal, and overall cognitive abilities than
the LR-ASD group, with small to medium effect sizes. These findings are in contradiction to past research
indicating that HR younger siblings (ASD and Non-ASD) have significantly lower verbal and non-verbal
abilities (Rowberry et al., 2015) and lower overall cognitive ability (Sacrey et al., 2016) compared to LR-
TD at 24 months; however, little is known how HR-ASD samples compare to LR children with ASD or
other developmental delays. Amongst typically developing children of varying risk status, Rowberry et al.
(2015) found no significant differences in verbal and non-verbal abilities between the HR-TD and LR-TD
groups. Results of the current study are consistent with past studies linking dysmorphology and/or
microcephaly, which is common in LR-ASD samples, with lower 1Q (Miles et al., 2005). HR-ASD and
LR-ASD groups had comparable adaptive skills as measured on the VABS-II.

Differences in ascertainment between the samples also cannot be ruled out as an explanation for
the observed discrepancy in cognitive scores. However, these findings provide growing evidence that
higher functioning children are detectable between 18-24 months through parent endorsement of at-risk
behaviors on the M-CHAT-R. While screening in a HR sibling population is imperative due to increased
prevalence of other developmental disorders, it is especially critical if it leads to the detection of higher
functioning children with ASD. Past research highlights the importance of stronger cognitive skills and
better motor skills at age 2 in achieving an optimal outcome (Sutera et al., 2007; Turner & Stone, 2007).
With these skills intact, these higher-functioning children may be more responsive to intervention.

Typically, children with ASD and comorbid developmental delay are more likely to be detected
earlier (Szatmari et al., 2016; Zuckerman et al., 2015). Increased evidence of developmental delay in the
LR sample could suggest that children are failing items that are not representative of ASD-specific at-risk
behaviors but represent more general delay. Wetherby et al. (2004) found that several previously

identified red flags, including reduced responsivity to contextual clues, reduced pointing, reduced
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vocalizations with consonants, and reduced playing with toys appropriately, do not adequately distinguish
between ASD and DD in LR populations.

Finally, HR toddlers showed comparable levels of ASD severity to LR toddlers on most
measures. Given the presence of increased subclinical ASD symptoms in the HR population (Constantino
et al., 2006; Pickles et al., 2000; Schwichtenberg et al., 2010), one might expect significantly higher ASD
severity in the HR toddlers. Within the ASD group, the HR-ASD toddlers showed increased emotional
reactivity compared to LR-ASD toddlers, which is consistent with increased irritability and responsivity
(typically to sensory stimuli) on parent-rated temperament measures in HR-ASD toddlers (Zwaigenbaum
et al., 2005).

Taken together, the findings from our exploratory analyses comparing HR-ASD and LR-ASD
groups revealed comparable ASD symptom severity and adaptive functioning with notable differences in
cognitive functioning. The HR-ASD group showed higher verbal and non-verbal cognitive abilities
compared to those of the LR-ASD group. Further research is needed to replicate and better understand
these differences. These results provide preliminary evidence that caution may be warranted when
generalizing findings from HR sibling studies to the development of ASD in LR children.

Limitations

There are several limitations that must be considered when interpreting the results of the current
study. It examines the results of the M-CHAT-R/F in HR toddlers at only one screening time point, which
may not be ideal for this population given the potential differences in onset of symptoms (Bryson et al.,
2007; Macari et al., 2012). Moreover, the average screening age for the current study was around 20
months. This is substantially later than the age at which some of the other screening studies have
demonstrated adequate differentiation between HR-ASD and HR-NonASD (Feldman et al., 2012;
Rowberry et al., 2015; Sacrey et al., 2016). However, only about 40% of HR-ASD children are
symptomatic by 18 months, highlighting the importance of screening at later time points, as in the current

study, so as not to miss children with more subtle symptoms (Szatmari et al., 2016). While the current
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study used a large LR comparison sample, the LR sample was ascertained differently than the HR sample
and thus, family information on much of the LR sample could not be collected.

One major limitation is the minimal follow-up on screen negative cases, which ultimately
precluded our ability to conduct reliable sensitivity and specificity calculations and run a ROC analysis.
In a subset of the current sample, Weitlauf et al. (2015) systematically followed up on screen negative
cases and found that approximately one fifth of children who screened negative on the M-CHAT-R/F at
18 months ultimately went on to receive an ASD/R (ASD or at-risk for ASD) diagnosis by 36 months.
However, it is unclear how many of these cases represented true ASD diagnoses since at-risk cases were
also included. In the current sample, 4.5% of the screen negative cases were detected using alternate
methods to catch false negatives; if extrapolated to the full sample of HR toddlers screened, this suggests
that 5 children were potentially missed. While following up on all screen negative cases would provide
more complete data, it is critical to consider the cost (research time and effort) of such an endeavor,
especially if it may only lead to the detection of a small number of ASD cases. Furthermore, as discussed
above, the ASD detection rate in the current HR sample was 19.4% and comparable to prevalence rates in
published literature, suggesting that most ASD cases were likely detected. Looking forward, PPV
estimates may be more informative in assessing clinical use of screening tools, such as the M-CHAT-R/F,
in HR sibling populations, than measures of sensitivity and specificity (Szatmari et al., 2016). Sensitivity
and specificity are more reliant upon inherent characteristics of the measure and thus remain more
consistent across risk status. Thus, PPV, which is easily influenced by prevalence rates of the disorder,
provides more information about the effectiveness of screening measures across populations. Hence, there
is a significant need to examine screening performance of ASD screening measures in a HR sibling
population, as in the current study.

Racial and ethnic differences, as well as sex differences, were found between the LR sample and
the HR sample, which were likely due to differences in ascertainment between the samples. Specifically,
the LR sample was collected through implementation of broad-based screening at pediatric well-child

visits and explicit efforts were made to include pediatric sites that served a more racially and
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economically diverse population. In contrast, the HR sample was primarily a self-referred population who
was informed about the study through research or clinical contact with an ASD-affected older sibling.
Despite the statistical significance of the difference, the effect size (¢ = .06) was quite small according to
Cohen’s (1988) criteria (.10 = small effect). Furthermore, rates of ASD and detection rate of ASD using
the M-CHAT-R/F have been shown to be similar across racial groups (Khowaja, Hazzard, & Robins,
2015), which suggests that differing racial composition across the samples is likely not driving the results
seen in the current study. The sex distribution in the HR sample was less even (i.e., more males), which is
expected given the increased prevalence rates for ASD in boys (CDC, 2016; Christensen et al., 2016).
Moreover, the effect size was very small (¢ =.02).

Additionally, despite efforts to recruit and retain a diverse sample, a significant portion of the HR
sample was lost to follow-up either during the enroliment process or afterward. Differential attrition
during enrollment is unknown. However, HR children who completed the study were more likely to
identify as White compared to those who did not, potentially contributing to the racial differences seen
between the LR and HR samples. Refusal rates within the HR sample were high. While this may be
initially surprising, it is consistent with previous research suggesting that parents of younger siblings may
be less likely to enroll in research studies than LR community samples (Rogers et al., 2014).

Finally, there were differences in delay between screen and Follow-Up as well as between screen
and evaluation, such that the HR sample was more likely to complete Follow-Up and be evaluated more
quickly compared to the LR sample. The delay may suggest differential parent concern, specifically that
parents of HR toddlers were more aware of the impact of an ASD diagnosis upon the family and thus,
more likely to respond to phone calls from the researchers leading to reduced lag times between initial
screen and Follow-Up. Alternatively, logistical reasons due to differing study procedures across samples,
such as postal delays in receiving screeners from pediatrician offices in the LR sample, may have
contributed to the results, independent of parent concern. It is likely these factors combined to result in

these delays; the distinct contribution of parent concerns is unknown.
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It is important to consider the delay between screen and Follow-Up, as longer delays, three
months on average in the LR sample, may allow a child to develop some of the skills inquired about on
the screener. Thus, the LR group was significantly older at Follow-Up (~24 months) than the HR sample
(~22 months). Results from a study examining M-CHAT/F performance in younger and older toddlers
suggest that the M-CHAT/F had better predictive power in older toddlers, which they suggested could be
due to more stable delays at that age (~ 24 months; Pandey et al., 2008). However, no differences in PPV
were seen based upon age in the revised version of the screener (Robins et al., 2014), M-CHAT-R/F,
which was used in the current study.

Despite these limitations, the current study has a number of strengths that should be highlighted.
First and foremost, the study adds to the limited body of literature examining screening in a HR sibling
sample using a well-known and validated ASD screening measure. The study improves upon past
screening studies in HR siblings with a larger sample size and provides a direct comparison of
psychometric properties of screening tools in a HR sample compared to screening in a very large LR
comparison sample. It also provides exploratory item-level analyses to better understand response
patterns in HR toddlers compared those in a LR sample. Additionally, unlike many screening studies in
HR populations more broadly, the current study examined diagnostic accuracy and predictive power.
Lastly, the sample is well-characterized using standardized measures of ASD severity, cognitive ability,
and adaptive functioning and the findings are interpreted within this context.

Clinical Implications

The current study provides strong evidence that parent-completed screening measures can
effectively detect ASD in HR siblings around the age of two. Despite potentially subtle and inconsistent
behavioral markers of ASD in HR younger siblings during the first year of life (for review, see Szatmari
et al., 2016), parent detected, at-risk behaviors can successfully discriminate between ASD and Non-ASD
in a HR sample in the current study. Screening using parent-completed measures is significantly more
cost-effective than using other more invasive and time-intensive measures, such as EEG or eye tracking

methods. Importantly for physicians, it demonstrates that Follow-Up is not necessary to reduce false
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positives in HR siblings, reducing the amount of time needed for screening in this population. Screen
positive HR children who do not go on to receive an ASD diagnosis are highly likely to receive other
developmental diagnoses needing intervention, which is consistent with past research (Messinger et al.,
2013; Toth et al., 2007). Only one child (1.8%) in the current HR sample that screened positive on the M-
CHAT-R/F was determined to be typically developing upon further evaluation. Based on these findings,
we recommend that physicians refer HR children who screen positive on the M-CHAT-R directly for
developmental evaluation.
Future Directions

Future research should be conducted to address some of the aforementioned limitations of the
current study. Ascertainment differences should be minimized in future studies by utilizing a prospective
cohort approach. Should resources allow, future studies should more systematically follow up screen
negative cases to identify HR younger siblings who may be missed during screening and to determine
estimates of NPV. While the current study demonstrates that the M-CHAT-R/F performs differently in a
HR younger sibling sample, the data cannot tease apart the impact of parent experience on endorsing at-
risk ASD behaviors versus the impact of child factors (i.e., increased prevalence of ASD and the broader
autism phenotype) upon the screening process. The impact of other parent factors (i.e., maternal
depression) and family factors (i.e., proband severity) could also be examined to extend the literature on
their impact upon reporting of parent concerns to screening.
Conclusions

The current study investigated the performance of the M-CHAT-R/F in a HR sibling sample
compared to performance in a large LR sample. Results indicate that the M-CHAT-R/F can successfully
discriminate between ASD and Non-ASD in HR toddlers with good predictive power. Low response
change rates and limited incremental improvement in PPV at Follow-Up provides evidence that parents
with ASD experience are more accurate in their reporting of concerns on later-born children, even when
they are less cognitively delayed. Comparable ASD symptom severity was observed across groups further

supporting the idea that these findings represent differential reporting based upon parent experience with
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ASD as opposed to behavioral differences among the samples. Future research is needed to better

understand the other factors contributing to differential ASD screening performance in HR siblings.
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Tables

Table 1
Previous Screening Studies Conducted in High-Risk Younger Siblings
Screening
Study Measure N Time Points ASD Outcomes
in Months

Clinician-Rated Observation

For children 14 months and older, a higher cutoff of
Once between

Stone et al., i 2.75 led to a sensitivity of 0.93, specificity of 0.83,
2008 STAT 59 12 2_3 PPV of 0.68, and NPV of 0.97 for ASD diagnosis at
(M =16.4)

24 months.
Zwaidenbaum At 12 months, a 7 point cutoff led to a sensitivity of
ot al 92015 AOSI 65 6, 12 0.84, specificity of 0.98, PPV of .78 and NPV of .91

N for ASD diagnosis at 24 months.
Parent-Report Questionnaire

Overall, a total score cutoff of 70 led to a sensitivity
Feldman et 369 of .74, specificity of .73, and PPV of .21. The best
al.. 2012 POEMS 108 12,18 24 PPV (.29) was seen at 9 months, with a sensitivity of

.57 and specificity of .84 for ASD diagnosis at 36
months.

Using a CART analysis, two items were identified
(Do you get the feeling that your baby plays or
communicates with you less now than in the past?
Rowberry et £y 71 12 and Does your baby copy or imitate you when you
al., 2015 make sounds or noises with your mouth?) with a
sensitivity of .63, specificity of .93, PPV of .71, and
NPV of .89 for diagnosis at 24 months.

Optimal cutoff scores differed by screening time
point with the highest cutoff scores at the youngest
ages (15 at 6 months, 10 at 12 months, and 9 at 18
Sacrey et al., APS| 204 6,9, 12, months). ROC analyses indicated best performance
2016 15, 18, 24 of the APSI at 6 months with a sensitivity of .67,
specificity of 0.86, PPV of 0.47, and NPV of 0.83 for
ASD diagnosis at 36 months.

At 18 months, a cutoff of 2 on the M-CHAT-R/F led
M- to a sensitivity of 0.78, specificity of 0.72, PPV of
Weitlauf et CHAT- 74 18 .78 and a NPV of .72 for an ASD diagnosis at 18
al., 2015 R/E months. A sensitivity of .78, specificity of .81, PPV
of .75 and NPV of .83 was seen for an ASD
diagnosis at 36 months.

Note. Sample sizes are provided for HR children only. Bold text refers to ages at which HR-ASD can be
differentiated from HR-NonASD in each study. STAT = Screening Test for Autism in Two-Year-Olds.
PPV = Positive predictive value. NPV = Negative predictive value. AOSI = Autism Observation Scale for
Infants. POEMS = Parent Observation of Early Markers Scale. FY| = First Year Inventory. CART =
Classification and Regression Tree. APSI = Autism Parent Screen for Infants. ROC = Receiver Operator
Curve. M-CHAT-R/F = Modified Checklist for Autism in Toddlers, Revised with Follow-Up.
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Table 2

Demographic Characteristics of High-Risk Sample by Study Site

UConn uw Vanderbilt Statistic
(n=23) (n=49) (n=103)
Age at Screen in Months
(M, SD) 216(42) 21135 21.1(4.4) F (2,172) = .14, p = .868, 12> = .001
Age at Evaluation in _ _ _
Months (M, SD) 239(32) 23737 225(4.1) F (2, 96) = 1.02, p =.366, 1> =.02
Sex (N, %)
Male 11 (47.8) 26 (55.3) 64 (62.1) ¥3(2,n=173) =1.83, p=.400, V = .10
Female 12 (52.2) 21 (44.7) 39 (37.9)
Race (N, %)
White 19 (86.4) 35 (79.5) 89(88.1) %?(2,n=167)=1.84,p=.398,V=.11
Of Color  3(13.6) 9 (20.5) 12 (11.9)
Maternal Education (N, %)
No College Degree g 359) 20 (435) 42(46.2) x*(2,n=157)=174,p=.418,V =.11
College Degree or Higher 14 (70.0) 26 (56.5) 49 (53.8)

Note. UConn = University of Connecticut. UW = University of Washington. VVanderbilt = VVanderbilt
University. Due to small sample size of each racial group, children of color were all combined into a

single group.
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Table 3

Demographic Characteristics by Risk Status

High-Risk Low-Risk Statistic
Demographic Characteristic (n=175) (n=15,400)
Age at Screen in Months (M, SD) 21.15(4.08) 20.96 (3.30) t(176.6) =-0.61, p=.542,d = .06
Age at Evaluation in Months (M, SD)  22.81 (3.98) 26.05(5.48) t(246.4)=6.14,p<.001,d=.68
Sex (N, %) x2 (1,n=15,321) = 4.04, p = .044, ¢ = .02
Male 101 (58.4) 7680 (50.7)
Female 72 (41.6) 7468 (49.3)
Race (N, %) x2 (1, n=14,516) = 45.59, p < .001, ¢ = .06
White 143 (85.6) 8596 (59.9)
Of Color 24 (14.4) 5753 (40.1)
Maternal Education (N, %) ¥?(1,n=13,888) = 1.68, p=.194, ¢ = .01
No College Degree 68 (43.3) 6662 (48.5)
College Degree or Higher 89 (56.7) 7069 (51.5)

Note. Due to small sample size of each racial group, children of color were all combined into a single

group.
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Table 4

Psychometric Properties of the M-CHAT-R/F by Screen Stage and Risk Status

High-Risk Low-Risk
TP FP PPV TP FP PPV Statistic
After M-CHAT-R
ASD 34 30 0.531 107 670 0.138 %?(1,n=841)=65.62,p<.001, ¢ =.28
AnyDD 58 6 0.906 202 575 0.260 y2(1,n=841)=115.63,p<.001, ¢ =.37
After M-CHAT-R/F
ASD 34 22 0.607 100 105 0488 y2(1,n=261)=2.51,p=.113,¢=.10
AnyDD 55 1 0.982 193 12 0.941 FET, p=.310,¢ =.08

Note. TP = True Positive. FP = False Positive. PPV = Positive Predictive Value. ASD = Autism Spectrum
Disorder. Any DD = Any developmental delay or concern. FET = Fisher’s Exact Test. FET was used
when expected cell counts were less than 5.
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Table 5
Changed Responses on M-CHAT-R/F by Item and Risk Status

High-Risk Low-Risk o
Statistic?

M-CHAT-R/F Item n N (%) n N (%)

1  Follow point 27 2(7.4) 102 49(48.0) %2(1,n=129)=14.74,p<.001, ¢ =
.34

2  Wonder if deaf 11 2(18.2) 111 76 (68.5) FET, p=.002, ¢ =.30

3 Pretend play 21 7(33.3) 364 320 (88.2) FET,p<.001,$=.35

4 Enjoy climbing 3 2 (66.7) 41 35 (85.4) FET,p=.413,¢=.13

5 Unusual finger movements 4 1(25.0) 257 229(89.1) FET, p=.006, ¢ = .24

6 Point to ask 36 6 (16.7) 287 158 (55.1) 4%(1,n=323)=18.86,p<.001, ¢ =
24

7  Point to show 45 8 (17.8) 376 213 (56.6) y%(1,n=421)=24.35p<.001, ¢ =
24

8 Interest in other children 12 2 (16.7) 108  60(55.6) y2(1,n=120)=6.54,p=.011, ¢ =.23

9 Show to share 26 6(23.1) 195 121(62.1) »?(1,n=221)=14.26,p<.001, ¢ =
.25

10 Response to name 13 2 (15.4) 74 46 (62.2) %?(1,n=87)=9.78,p=.002, $ = .34

11 Social smile 4 1(25.0) 53 36 (67.9) FET,p=.119,¢4¢=.23

12 Upset by noises 11 1(9.0) 289 217 (75.1) FET,p<.001, ¢ =.28

13 Walk 1 1 (100.0) 54 27 (50.0) FET, p>.999, ¢ = .13

14 Eye contact 14 7 (50.0) 124 99 (79.8) FET, p=.020,¢=.21

15 Imitation 14 5 (35.7) 95  79(83.2) FET, p<.001, ¢ = .38

16 Follow gaze 43 7 (16.3) 375 209 (55.7) y2(1,n=418)=24.05p<.001, ¢ =
24

17 Seek attention 39 16 (41.0) 468 411 (87.8) 42(1,n=507)=59.32,p<.001, ¢ =
.34

18 Understand 29 8 (27.6) 218 124 (56.9) 42(1,n=247)=8.23,p=.003,¢=
19

19 Social reference 37 11(29.7) 307 236(76.9) y%(1,n=2344)=36.25p<.001, ¢ =
.33

20 Enjoy movement activities 7 2 (28.6) 38 29 (76.3) FET, p=.023, $ =.37

Note. FET = Fisher’s Exact Test. FET used when expected cell counts were less than 5. Sample size for
each item will vary, given that items are only administered when a child screened positive and that
specific item showed risk.

aBonferroni-adjusted oo = .0025 used to determine significance.
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Table 6
Standardized Canonical Discriminant Function Coefficients and Item Failure Rates by Diagnostic Status
in High-Risk Sample

High-Risk
Coefficient Non-ASD ASD
M-CHAT-R Item N (%) N (%)
10 Response to name 0.484 2(1.4) 16 (45.7)
Wonder if deaf 0.393 4(2.9) 10 (27.8)
Unusual finger movements 0.319 5(3.6) 4(11.1)
15 Imitation 0.317 5(3.6) 11 (30.6)
14 Eye contact 0.295 322 16 (44.4)
16 Follow gaze 0.284 25 (18.1) 29 (80.6)
17 Seek attention 0.262 24 (17.4) 28 (77.8)
13 Walk 0.261 0 (0.0 1(2.8)
4 Enjoy climbing -0.226 2(1.4) 3(8.3)
6 Point to ask 0.221 23 (16.5) 25 (69.4)
20 Enjoy movement activities -0.212 5(3.6) 2 (5.7)
11 Social smile -0.179 2(1.4) 5(13.9)
19 Social reference -0.168 21 (15.1) 23 (63.9)
Follow point 0.124 10 (7.2) 23 (63.9)
Interest in other children 0.099 4 (2.9 12 (33.3)
Show to share -0.081 12 (8.6) 19 (52.8)
3 Pretend play 0.065 11 (8) 16 (44.4)
18 Understand 0.035 13(9.4) 24 (66.7)
7 Point to show -0.007 26 (18.7) 29 (80.6)
12 Upset by noises 0 19 (13.7) 4(11.1)
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Table 7
Standardized Canonical Discriminant Function Coefficients and Item Failure Rates by Diagnostic Group
in Low-Risk Sample

Low-Risk
Non-ASD ASD
M-CHAT-R Item Coefficient N (%) N (%)
10 Response to name 0.291 59 (0.4) 29 (25.4)
7 Point to show 0.264 406 (2.7) 87 (74.4)
9 Show to share 0.241 164 (1.1) 56 (47.9)
6 Point to ask 0.235 303 (2.0) 72 (61.5)
1 Follow point 0.222 90 (0.6) 41 (35.3)
18 Understand 0.208 239 (1.6) 59 (50.9)
16 Follow gaze 0.188 516 (3.4) 78 (67.2)
20 Enjoy movement activities -0.135 71 (0.5) 5(4.3)
8 Interest in other children 0.133 135 (0.9) 29 (24.8)
15 Imitation 0.099 93 (0.6) 25 (21.7)
19 Social reference 0.087 552 (3.6) 59 (50.9)
2 Wonder if deaf 0.054 197 (1.3) 18 (15.5)
17 Seek attention -0.038 1060 (7.0) 63 (53.8)
3 Pretend play 0.032 840 (5.5) 57 (48.7)
12 Upset by noises 0.010 2192 (14.5) 28 (23.9)
5 Unusual finger movements 0.009 1907 (12.6) 26 (22.2)
14 Eye contact -0.008 163 (1.1) 24 (20.5)
4 Enjoy climbing -0.008 81 (0.5) 7 (6.0)
13 Walk 0.001 90 (0.6) 11 (9.4)
11 Social smile 0.000 64 (0.4) 13 (11.2)
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Table 8
Descriptives for Two-way ANOVAs by Risk Status and Diagnostic Group

Non-ASD ASD
Low-Risk High-Risk Low-Risk High-Risk
Measure n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)
M-CHAT-R Total Score 105 6.1(2.4) 22 5.8 (2.0) 100 73(3.2) 34 8.8 (3.3)
M-CHAT-R/F Total Score 105 3717 22 4.7 (2.1) 100 53(3.1) 29 6.7 (3.0)
Change Score 105 25(1.8) 22 1.1(1.2) 100 23(1.7) 29 1.5 (1.5)
ADOS SA CSS 104 24(1.4) 21 2.8 (1.7) 94 6.4(1.7) 31 6.6 (1.9)
ADOS RRB CSS 104 30(24) 21 4.0 (2.6) 94 7.0(2.4) 31 7.7 (2.4)
ADOS Overall CSS 104 20(1.4) 21 2.6 (1.7) 94 6.5(2.1) 31 6.9 (2.0)
CARS SC Factor Score? 101 1.5(.3) 14 1.7 (0.5) 95 2.4(0.4) 26 2.5 (0.5)
CARS ER Factor Score* 101 1.3(0.3) 14 1.4 (0.2) 95 1.7 (0.5) 26 2.1 (0.5)
CARS SBSS Factor Score?® 101 1.4(03) 14 1.5 (0.3) 95 2.0(0.4) 26 2.1(0.5)
CARS Total Score 101  214(36) 15 23.5(5.1) 95 32.7(51) 27  334(6.2)
MSEL Verbal DQ 103  66.7(215) 21  81.6(24.7) 93  44.7(20.6) 33 60.3(24.4)
MSEL Non-Verbal DQ 103 80.7(185) 21  91.9(18.0) 94  66.1(18.7) 33 85.6(19.1)
MSEL DQ 103 73.7(187) 21  86.8(19.4) 93 555(17.3) 33 73 (19.4)
VABS-II Communication SS 104 85.1(13.3) 22  88.4(12.5) 94  71.9(122) 33 74.7(16.1)
VABS-I| Daily Living SS 104 90.2(155) 17  87.3(10.1) 94  79.7(146) 32 82.4(12.6)
VABS-II Motor SS 104 88.7(13.6) 18 91.6 (7.5) 94 84 (11.6) 32 90 (11.7)
VABS-II Socialization SS 104 86.7(115) 21 86.5 (9.9) 94 77.4(9.9) 33 76.6(11.5)
VABS-1I ABC SS 103  85.3(13.1) 17 84.0 (7.2) 94 75.2(9.9) 32 77.8(115)

Note. Change Score = Number of items that changed from At-Risk to Not-at-risk during Follow-Up.

ADOS CSS = Autism Diagnostic Observation Schedule Calibrated Severity Score (Range, 1-10; ASD

Cutoff, 4). SA = Social Affect. RRB = Restricted Repetitive Behavior. CARS = Childhood Autism Rating
Scale (Range, 15-60; ASD Cutoff, 25.5). SC = Social Communication. ER = Emotional Reactivity. SBSS

= Stereotyped Behaviors and Sensory Sensitivities. MSEL DQ = Mullen Scales of Early Learning
Developmental Quotient (M = 100, SD = 15). VABS-II = Vineland Adaptive Behavior Scales, Second
Edition. SS = Standard Score (M = 100, SD = 15). ABC = Adaptive Behavior Composite.

8CARS Factor Scores range from 1(Within Normal Limits) to 4 (Severely Abnormal).

47



Table 9

Two-Way Between-Subjects ANOVAs Examining Effect of Risk Status and Diagnostic Group on Clinical

Measures
Main Effect Interaction
Risk Status x
Risk Status Diagnostic Group Diagnostic Group
Measure F p n% F p "’ F p "’
M-CHAT-R Total Score 1.91  .168 .01 23.10 <.001 .08 433  .038 .02
M-CHAT-R/F Total Score 9.16  .003 .04 20.48 <.001 .08 026  .613  .001
Change Score 13.74 <.001 .05 0.001  .976 <.001 229 131 .01
ADOS SA CSS 156 214 .01 230.60 <.001 48 019 662  .001
ADOS RRB CSS 510  .025 .02 99.33 <.001 29 017 679  .001
ADOS Overall CSS 366  .057 .02 248.48 <.001 50 0.03  .869 <.001
CARS SC Factor Score 1.35  .246 .01 150.79 <.001 39 075 .387  .003
CARS ER Factor Score 520  .024 .02 54.84 <.001 19 420  .041 .02
CARS SBSS Factor Score 085 .358  .004 86.48 <.001 27 012 725  .001
CARS Total Score 2.84 093 .01 166.78 <.001 42 081 .369  .003
MSEL Verbal DQ 19.91 <.001 .08 40.17 <.001 14 001  .918 <.001
MSEL Non-Verbal DQ 27.53 <.001 10 12.76  <.001 .05 200  .159 .01
MSEL DQ 28.08 <.001 10 30.96 <.001 A1 059 444  .002
VABS Il Communication SS 219 140 .01 4335 <.001 15 0.02  .903 <.001
VABS Il Daily Living SS 0.002  .967 <.001 10.28  .002 .04 136 224 .01
VABS Il Motor SS 487  .028 .02 251 114 01 063 429  .003
VABS Il Socialization SS 010 .749 <.001 32.35 <.001 12 0.03 .865 <.001
VABS Il ABC SS 011  .743 <.001 18.50 <.001 .07 1.00 .318  .004

Note. n? = Partial Eta Squared. Change Score = Number of items that changed from At-Risk to Not-at-
risk during Follow-Up. ADOS CSS = Autism Diagnostic Observation Schedule Calibrated Severity
Score. SA = Social Affect. RRB = Restricted Repetitive Behavior. CARS = Childhood Autism Rating
Scale. SC = Social Communication. ER = Emotional Reactivity. SBSS = Stereotyped Behaviors and
Sensory Sensitivities. MSEL DQ = Mullen Scales of Early Learning Developmental Quotient. VABS-II =
Vineland Adaptive Behavior Scales, Second Edition. SS = Standard Score. ABC = Adaptive Behavior

Composite.

2Bonferroni-adjusted o = .003 was used to determine significance.
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Table 10
Simple Main Effects of Risk Status on Clinical Measures Within ASD Group

Estimated Mean

Measure Difference SEM F p n?

ADOS SA CSS 0.21 0.34 0.38 537 .002
ADOS RRB CSS 0.71 0.50 1.98 161 .01
ADOS Overall CSS 0.49 0.37 1.78 183 .01
CARS SC Factor Score 0.02 0.09 0.06 .809 <.001
CARS ER Factor Score 0.32 0.09 1247 <.001 .05
CARS SBSS Factor Score 0.04 0.09 0.22 643 .001
CARS Total Score 0.64 1.02 0.40 527 .002
MSEL Verbal DQ 15.62 4.42 12.48  <.001 .05
MSEL Non-Verbal DQ 19.46 3.77 26.62  <.001 10
MSEL DQ 17.47 3.72 22.04  <.001 .08
VABS Il Communication SS 2.78 2.68 1.08 .299 .004
VABS Il Daily Living SS 2.72 2.97 0.83 362 .003
VABS Il Motor SS 6.01 251 5.75 017 .02
VABS Il Socialization SS -0.83 2.18 0.14 .705 .001
VABS Il ABC SS 2.52 2.33 1.16 282 .01

Note. Fisher’s LSD was used to correct for multiple comparisons. Estimated Mean Differences presented
as mean of the LR sample subtracted from the mean of the HR sample. SEM = Standard Error of the
Mean. ADOS CSS = Autism Diagnostic Observation Schedule Calibrated Severity Score. SA = Social
Affect. RRB = Restricted Repetitive Behavior. CARS = Childhood Autism Rating Scale. SC = Social
Communication. ER = Emotional Reactivity. SBSS = Stereotyped Behaviors and Sensory Sensitivities.
MSEL DQ = Mullen Scales of Early Learning Developmental Quotient. VABS-II = Vineland Adaptive
Behavior Scales, Second Edition. SS = Standard Score. ABC = Adaptive Behavior Composite.
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Figures
Figure 1

Flow Chart of Screening Results for High-Risk Sample
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aChildren were excluded if they were a twin (n = 1), known neurological impairment (n = 3), gestational
age < 37 weeks (n = 3), outside of screening age range (n = 11), refused (n = 8), diagnosis of older sibling
could not be confirmed (n = 4), lost to follow-up (n = 16), and unknown (n = 8).

bScreen negative cases were detected through pediatrician red flag (n = 1) and VU follow-up on screen
negatives (n = 43).

°Both cases were detected through VU follow-up on screen negatives cases.
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Figure 2
Flow Chart of Screening Results for Low-Risk Sample
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4Cases were excluded if the M-CHAT-R was not completed in English (n = 329) and for not meeting

inclusion criteria (n = 44).
bChildren who had incomplete M-CHAT-R/F based on alternate scoring criteria. See Robins et al. (2014)

for details.
¢Screen negative cases were detected through pediatrician red flag (n = 20), STAT screen positive (n =

20), or alternate scoring (n = 3).
dASD cases were detected through pediatrician red flag (n = 9), STAT screen positive (n = 6), and

alternate scoring (n = 2).
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