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Abstract

Despite advances in autism screening practices, challenges persist, including barriers to
implementing universal screening in primary care and difficulty accessing services. The high false
positive rate of Level 1 screening methods presents especially daunting difficulties because it
increases the need for comprehensive autism evaluations. The current study explored whether two-
tiered screening — combining Level 1 (Modified Checklist for Autism in Toddlers, Revised with
Follow-Up) and Level 2 (Screening Tool for Autism in Toddlers & Young Children) measures —
improves the early detection of autism. This study examined a sample of 109 toddlers who
screened positive on Level 1 screening and completed a Level 2 screening measure prior to a
diagnostic evaluation. Results indicated that two-tiered screening reduced the false positive rate
using published STAT cutoffs compared to Level 1 screening alone, although at a cost to
sensitivity. However, alternative STAT scoring in the two-tiered screening improved both positive
predictive value and sensitivity. Exploratory analyses were conducted, including comparison of
autism symptoms and clinical profiles across screening subsamples. Recommendations regarding
clinical implications of two-tiered screening and future areas of research are presented.
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Introduction

Implementing screening for autism spectrum disorder (ASD) and other developmental
delays in primary care settings can improve early identification and lower the age at which
children are referred for necessary intervention (Pinto-Martin et al., 2005; Guevara et al.,
2013), which can enhance prognostic outcome (MacDonald et al., 2014; Orinstein et al.,
2014; Reichow, 2012; Reichow et al., 2012). However, many barriers persist in
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implementing standardized screening and evaluation referral, including time constraints in
primary care settings and difficulty identifying accurate and feasible tools. The current study
evaluates the effectiveness of two-tiered screening to identify toddlers at risk for ASD, using
the Modified Checklist for Autism in Toddlers, Revised with Follow-Up (M-CHAT-R/F;
Robins et al., 2009) as a Level 1 screener and the Screening Tool for Autism in Toddlers &
Young Children (STAT; Stone and Ousley, 1997) as a Level 2 screener.

The American Academy of Pediatrics (AAP) guidelines for early detection of ASD (Johnson
et al., 2007) encompass three complementary approaches: (1) ongoing developmental
surveillance, (2) broad developmental screening at 9, 18, and 24/30 months, and (3)
universal ASD-specific screening at 18- and 24-month visits. Children at risk for ASD
should be referred for diagnostic evaluation. Level 1 screeners are designed to differentiate
toddlers at-risk for ASD from typically developing children in the general primary care
population, whereas Level 2 tools are more often used in early childhood developmental
programs to distinguish ASD risk from risk for other developmental disorders (Johnson et
al., 2007). Level 1 measures usually are parent questionnaires. These can be convenient and
cost-effective to administer, though they are dependent upon the parents’ knowledge and
awareness of particular constructs related to ASD and normative child development (for
review, see Barton et al., 2012a). Some Level 2 ASD screeners are parent questionnaires, but
many rely on a trained clinician’s direct observation of the presence or absence of ASD-
related behaviors that parents might not readily recognize (for review, see Norris and
Lecavalier, 2010). Children identified as at-risk for ASD via ongoing developmental
surveillance (e.g. sibling with ASD, parent concern) should be screened with the appropriate
Level 1 or 2 tools (Johnson et al., 2007).

Estimates of pediatrician screening practices are variable, ranging from 22% to 82% for
broad developmental screening (Dosreis et al., 2006; Gillis, 2009; Pierce et al., 2011;
Radecki et al., 2011) and 8% to 60% for ASD-specific screening (Arunyanart et al., 2012;
Dosreis et al., 2006; Gillis, 2009; Self et al., 2015); importantly, pediatrician screening rates
are increasing (Radecki et al., 2011). Barriers have included limited time and resources to
screen (Carbone et al., 2010; King et al., 2010), lack of knowledge about ASD-specific
screening tools (Dosreis et al., 2006), and reduced confidence identifying symptoms
(Zuckerman et al., 2013). Even when screening is conducted, pediatricians may not refer at-
risk cases for follow-up (King et al., 2010), suggesting they may doubt that screening tools
effectively identify ASD risk (Barton et al., 2012a). These barriers persist and indicate a
continued need for effective, feasible screening tools and procedures to help identify
children who warrant referrals to specialists.

Because no screening tool has perfect sensitivity and specificity, it is necessary to consider
the implications of false negative (FN; child with ASD screens not at risk) and false positive
(FP; non-ASD child screens at risk) results. In the context of this study, FP and FN refer
specifically to ASD detection, rather than the need for referral for diagnostic testing for any
developmental delay. Children with developmental or language delays other than ASD often
screen positive on Level 1 ASD screeners. In an earlier study (Robins et al., 2014), it was
found that 95% of toddlers who screen positive on the M-CHAT-R/F were diagnosed with
some type of delay, approximately half of which were ASD (Robins et al., 2014). Thus, FP
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indicates a child who was referred for evaluation after screening positive and did not receive
an ASD diagnosis, which implies that the child could benefit from referral to professionals
who are not experts in ASD and could address non-ASD related developmental concerns.

Disorders like ASD, in which the timeliness of intervention onset impacts long-term
prognosis, require minimal FN cases (Harris and Handleman, 2000; Perry et al., 2011). If the
majority of children who screen positive were truly in need of differential diagnostic
evaluations for ASD (i.e. minimizing FNs and FPs), this could reduce the burden on
evaluation and intervention referral process. However, utilizing only one Level 1 screening
tool may not be optimal in achieving this differentiation. One important strategy to consider
is utilizing a two-tiered screening procedure in which children who screen positive on the
Level 1 screener are screened again using a Level 2 screening before being referred for a
diagnostic clinical evaluation.

Implementation of two-tiered screening has been effective for many disorders, including
gestational diabetes (Meltzer et al., 2010), hepatocellular carcinoma (Shih et al., 2010),
trisomy 21 (Nicolaides et al., 2005), and sleep-disordered breathing (Chen et al., 2011). But
to date two-tiered screening for ASD has rarely been used. In the Netherlands, investigators
explored using the Early Screening of Autistic Traits (ESAT), a yes/no questionnaire
designed for screening in the general population that can be completed by parents or by
professionals with parent interview (Dietz et al., 2006; Swinkels et al., 2006), as two-tiered
protocol for ASD screening on a large scale (/7=31,724) in an urban province of 1.1 million
residents. However, they used the same instrument at both levels, with the initial pre-screen
consisting of the first 4 items of the ESAT completed by parents during primary care visits,
followed by the full 14 items as the Level 2 screener administered during subsequent home
visits. Of the 73 14- to 15-month-olds who screened positive for ASD-risk after the second
screen and were evaluated, only 18 were diagnosed with ASD, yielding a PPV of .25; all FPs
had other developmental concerns. Psychometric properties (i.e. sensitivity, specificity)
evaluating the ESAT’s utility as a combined Level 1 and Level 2 screening protocol were not
obtained, as children who screened negative on the initial prescreen were not followed up.
Moreover, this two-stage protocol utilized sections from the same measure at both time
points, rather than employing a multi-method approach. Two-tiered ASD screening is not
standard practice in the United States and there is insufficient empirical support for the claim
that a two-tiered screening approach maximizes detection of ASD while reducing the FP rate
without increasing pediatrician burden. However, a recent initiative in South Carolina has
demonstrated the promise of such multilevel ASD screening as a means to guide referrals for
state-funded early intervention services (Rotholz et al., 2017). Specifically, screening
positive on M-CHAT (Level 1) followed by subsequent screen positive on STAT (Level 2)
results in “presumptive eligibility” for early intervention prior to having completed a
diagnostic evaluation. This method has resulted in 5 times as many children referred for
early intervention via presumptive eligibility, only 2.5% of whom were later found to not
have an ASD diagnosis after evaluation (Rotholz et al., 2017). Although this referral process
yielded higher rates of service utilization, an assessment of the psychometric statistics of
two-tiered screening is needed to evaluate more fully the potential costs and benefits of
implementing this relatively novel approach.
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Current study

Method

Participants

The goal of this study is to evaluate a two-tiered screening protocol combining two ASD-
specific screening tools, the M-CHAT-R/F and the STAT. The M-CHAT-R/F is among the
most widely used Level 1 screening tools, and has high sensitivity and specificity in low-risk
settings (Robins et al., 2014). However, its moderate positive predictive value (PPV; .48)
indicates that the FP rate for ASD is quite high, even though most of the children who screen
positive have a significant developmental delay or concerns (PPV=.95-.98; Chlebowski et
al., 2013; Robins et al., 2014). A high false positive rate can result in over-referrals for ASD
diagnostic evaluations, which may lengthen waiting lists and put a strain on the system; this
study seeks to explore whether secondary screening can help tailor referrals for ASD
concerns vs. other developmental concerns.

To reduce the FP rate for ASD, children who screened positive on the M-CHAT-R/F were
observed using the STAT, a structured, interactive play-based Level 2 screening measure
administered by a trained clinician (see Figure 1). Both the M-CHAT-R/F and STAT address
core domains of behaviors related to ASD symptoms, such as use of gestures or other
nonverbal communication, imitative behavior, play skills, and joint attention behavior, but
they do so using complementary methods of parent report of characteristic behavior and
clinician observation using a structured protocol. This approach differs from two-stage
screening with the ESAT in that it utilizes a multi-informant method with distinct measures
at each level. We hypothesized that STAT screening as an intermediate step between positive
M-CHAT-R/F and ASD diagnostic evaluation will reduce the FP rate (improve PPV) without
compromising the combined sensitivity of these measures. If two-tiered screening for ASD
is efficacious, it could be a powerful screening system that can better determine type of
referrals that will best fit a child’s needs (e.g. ASD-specific vs. general development or
speech/language services) and inform state-level policy on the early detection and
intervention of ASD.

Several exploratory analyses were also conducted to investigate how best to adapt the STAT
for use in two-tiered screening, including evaluating alternative scoring criteria. Clinical
outcomes were compared when using published versus alternative scoring methods as well
as across those who did and did not screen positive on the STAT using published scoring
criteria.

The current study is part of a larger, ongoing community-based early screening project. All
participants were enrolled in the large (/7=14,170) screening study, in which 49 pediatric
offices in metropolitan Atlanta conducted screening with the M-CHAT-R/F during well-child
visits. Eligibility criteria consisted of 16- to 30-month-old children at initial M-CHAT-R/F
screening whose parents were English-speaking and consented to the study. Exclusion
criteria included severe sensory or motor impairment that interfered with evaluation. A
subset of families in the screening study were asked if they were interested in participating
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in optional, affiliated research studies; participating in studies that included completion of
the STAT entailed a separate visit to prior to the evaluation.

The study sample (7=109) included all children who (a) screened positive on the 2-stage M-
CHAT-R/F, (b) completed a STAT during an optional research study, and (c) completed a
diagnostic evaluation. All participants in the study sample screened positive on the M-
CHAT-R/F with the exception of one participant who bypassed Follow-Up after a high initial
score on the M-CHAT-R.

The Modified Checklist for Autism in Toddlers, Revised, with Follow-Up (M-CHAT-R/F;
Robins et al., 2009; available at www.mchatscreen.com) is a Level 1 ASD screening tool.
Parents complete 20 Yes/No items in approximately 5 minutes; if three or more items
indicated risk, parents complete the structured Follow-Up. A total Follow-Up score of two or
more indicated risk for ASD. Internal consistency (Cronbach’s alpha) for the M-CHAT-R/F
is 0.79, sensitivity is .85, specificity is .99, PPV is .48, and NPV is .99 (Robins et al., 2014).

The Screening Tool for Autism in Toddlers & Young Children (STAT; Stone and Ousley,
1997) is a 12-item Level 2 interactive screening tool designed for use with at-risk toddlers.
Administration takes approximately 20 minutes. STAT administration took place at a
university research lab with trained research staff who achieved 80% reliability on three
observations and three administrations.

The STAT assesses four behavior domains: play, requesting, directing attention, and
imitation. Each domain is scored as a proportion of items failed with 1 being the highest
score (e.g. 3 failed imitation items = .75). Total score is the sum of domain scores (range: 0
to 4). Sensitivity, specificity, PPV, and NPV were reported to be .92, .85, .86, and .92,
respectively, when administered to a validation sample of children already diagnosed with
Autistic Disorder or other developmental delays or language impairments (Stone et al.,
2004). Although the STAT was originally designed for children 24-35 months, it was shown
to distinguish children with ASD from non-ASD in 14- to 23-month-old children (Stone et
al., 2008), using a threshold of 2.75 (sensitivity .93, specificity .83, PPV .68, NPV .97) as
opposed to 2.00 for older children.

A diagnostic evaluation was conducted with toddlers demonstrating risk for autism.
Measures included the Mullen Scales of Early Learning (Mullen, 1995), Vineland Adaptive
Behavior Scales-11 (Sparrow et al., 2005), Behavioral Assessment System for Children-2
(Reynolds and Kamphaus, 2004), Autism Diagnostic Interview, Revised (Lord et al., 1994)
or Toddler ASD Symptom Interview (Barton et al., 2012b), Childhood Autism Rating
Scale-2 (Schopler et al., 2010), Autism Diagnostic Observation Schedule, first and second
editions (ADOS(-2); Lord et al., 1999, 2012a, 2012b), and parent report of developmental
history. ADOS severity scores were computed for the total score and for the Social Affect
(SA) and Restricted and Repetitive Behaviors (RRB) domains (Esler et al., 2015; Hus et al.,
2014).
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Parents completed either a paper or electronic version of the M-CHAT-R at the pediatrician’s
office. University research staff called parents whose child screened positive on the paper
version to complete the Follow-Up by phone; those who completed the electronic M-CHAT-
R were prompted to complete an electronic Follow-Up in the same session (see Table 1).
Parents of children who continued to screen positive were invited to the university for a free
diagnostic evaluation. Families were also asked if they would participate in additional
research, which included participating in Level 2 screening (STAT) during a separate visit to
the university prior to the evaluation appointment. STATS were administered by supervised
trainees or research staff at the university, all of whom established reliable administration of
the STAT.

During the diagnostic evaluation, a licensed psychologist and a graduate student clinician or
research staff completed autism diagnostic measures and measures of cognitive, motor,
language, and adaptive functioning. To minimize examiner bias, the evaluation team was
blind to screening results. Using all available evaluation data and DSM-IV criteria, clinicians
classified children in one of the following non-overlapping groups: ASD, other language or
developmental disorders, no diagnosis (one or more scores outside typical range, but no
applicable diagnosis), or typical development.

Data analysis

Results

Data were analyzed using IBM SPSS Statistics 22.0 software. Psychometrics (i.e. sensitivity,
specificity, PPV, NPV) for combined M-CHAT-R/F and STAT screening were computed.
Receiver Operating Characteristic (ROC) analysis was conducted to determine accuracy of
two-tiered screening in distinguishing ASD from non-ASD, as indicated by the area under
the curve (AUC).

Alternative STAT scores were determined via Discriminant Function Analysis (DFA), which
equally weighted all 12 STAT items. Items with the greatest discriminatory power (i.e.
highest standardized canonical coefficients) constituted the alternative total score. The study
sample was divided into two samples of equal sizes (/7=54, n=55) matched on the child’s
diagnosis (58-59% ASD), sex (38% female), and age at time of STAT (M=24 months). ROC
analysis was conducted on the first half of the sample to determine optimal scoring cutoffs
for the alternative total score, and the alternative scoring was then applied to the second half
of the sample. ASD symptom severity, cognitive ability, and adaptive functioning were
related to screening outcomes (both original and alternative), using bivariate Pearson
correlations. Finally, multivariate analyses of variance and Games-Howell post-hoc
comparisons were conducted to compare clinical profiles across subsamples based on STAT
results and diagnostic outcome.

Using the original published scoring cutoffs for the STAT (i.e. 2.00 for children = 24 months
and 2.75 for children < 24 months; Stone et al., 2008), 30 of the 39 STAT screen positive
children received an ASD diagnosis (See Figure 2), yielding a PPV of .77. Sensitivity,
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specificity, and NPV of the STAT were .47, .80, and .51, respectively. The ROC analysis
demonstrated adequate accuracy (AUC=.73), based on threshold of .70. This was a
significant improvement in PPV compared to .475 for M-CHAT-R/F alone in Robins et al.
(2014; 42(1, M=260)=11.49, p<.001), but sensitivity declined significantly from .85 reported
by Robins et al. (2014; (1, M=187)=31.07, p<.001).

DFA was conducted to explore whether alternative STAT scoring methods demonstrate
higher sensitivity. Standardized canonical coefficients indicated seven items — two directing
attention, two play, two requesting, and one imitation (see Table 2) — had the strongest
discriminatory power for ASD diagnosis. An alternative STAT score based on these seven
items was calculated. ROC analysis using half the sample determined an optimal threshold
of three maintained sensitivity = .8 (see Figure 3), yielding good accuracy (AUC=.81).
Applying this cutoff resulted in sensitivity of .81, specificity of .59, PPV of .74, and NPV
of .68. This alternative scoring was applied to the validation sample; results were highly
consistent: sensitivity=.78, specificity=.57, PPVV=.71, and NPV=.65. Alternative scoring
reduced the FN cases by 62% compared to published cutoffs, which significantly improved
sensitivity, ;(2(1, N=64)=21.0, p<.001. Also noteworthy is that all 30 children with ASD
who screened positive on the STAT based on published cutoffs screened positive using the
alternative total score.

The relationship between STAT scores and ADOS performance, cognitive testing, and parent
report of adaptive functioning was examined to explore the relation between the child’s
performance during screening and the clinical evaluation. Both the original and alternative
STAT scores were highly correlated with ADOS Total and SA severity scores and
moderately correlated with the RRB severity score (see Table 3). STAT scores also had
strong negative correlations with Mullen Early Learning Composite and Vineland-11
Adaptive Behavior Composite.

Clinical Profiles Across STAT Screening Subsamples

Clinical phenotype of ASD cases was compared across children who had screened positive
on the STAT and those who were STAT negative; see Table 4. Independent samples #tests
with Sidak-Bonferroni correction (a=.010) indicated that among ASD cases, children who
were STAT positive demonstrated significantly higher ADOS total ({62)=2.96, p=.004) and
SA (£62)=3.29, p=.002) severity scores compared to STAT negative ASD cases; a similar
direction of results was found for the RRB severity score ({62)=2.62, p=.011), but was not
significant. Additionally, both cognitive (£46.1)=-3.75, p<.001) and adaptive ({62)=-3.49,
p~=.001) functioning were found to be significantly lower for the STAT positive cases
compared to the STAT negative cases (p5<.01). In comparing ADOS severity scores within
the non-ASD cases across the two subsamples, no significant differences were found for
ADOS severity scores, cognitive functioning, or adaptive functioning (ps>.01).

Discussion

This study’s primary aim was to investigate whether implementing a two-tiered screening
approach, in which the STAT is administered after children demonstrate risk on the M-
CHAT-R/F, improves accuracy in detecting ASD. Using published scoring cutoffs, the STAT
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reduced the FP rate compared to the rate when evaluation occurred immediately after a
positive screen on the M-CHAT-R/F only, but at a cost to sensitivity. However, this tradeoff
was reduced when an alternative STAT scoring algorithm was used. Moreover, all children
with ASD who had screened positive on the STAT using the published scoring criteria also
screened positive using the alternative scoring, indicating that detection of true positive cases
was not compromised.

These results provide empirical support for two-tiered screening to streamline referrals for
ASD-specific comprehensive evaluation or early intervention. With the intention of
improving screening accuracy by minimizing the number of FN and FP cases, this study
prioritized psychometric values of PPV and sensitivity. An important consideration in
selection of screening methodology is the context of the referral and the tradeoff of
psychometric values. For example, when the goal of a referral is to identify as many children
with ASD as possible in order to initiate necessary early intensive behavioral interventions,
then sensitivity may be of greater priority to help reduce missed cases. Such approach
typically yields higher FPs, but the majority of these children are often identified as having
non-ASD developmental delays that also require early intervention. However, resources for
ASD evaluations are limited, and with more FP cases, the longer the waiting lists to see
specialists.

Our finding that higher scores on the STAT, both using published and alternative scoring
methods, were related to higher autism symptom severity and lower cognitive functioning
and adaptive functioning among children with ASD is consistent with the literature on
clinical profiles of children with ASD (Charman et al., 2011; Paul et al., 2014; Ray-
Subramanian et al., 2011; Stone et al., 2004). Whereas significant differences in ADOS total
and SA severity scores were found across STAT performance in children with ASD, this was
not the case for the RRB severity score. This is to be expected, as the STAT items emphasize
abnormalities in social communication and do not directly measure RRBs. Our results
suggest that children who are more severely affected by ASD and have more impaired
cognitive and adaptive functioning tend to screen positive across informants and methods.

The low sensitivity of the original published STAT cutoffs (Stone et al., 2004; Stone et al.,
2008) in this study was surprising. Although developing new scoring criteria for the STAT
was not the main purpose of this study, alternative scoring was examined, given that our
sample is qualitatively quite distinct from samples used to develop these cutoffs. In their first
study, Stone and colleagues (2004) used a sample of two-year-old children who were already
diagnosed with developmental delays or Autistic Disorder, excluding children with PDD-
NOS. In their subsequent study focusing on using the STAT in children younger than two
years (Stone et al., 2008), PDD-NOS was included, but the sample was primarily composed
of children who had an older sibling diagnosed with ASD. There may be qualitative or
phenotypic differences in autism symptom presentation for children identified as at-risk for
autism based on a known family history compared to children identified as at-risk based on a
screening questionnaire administered to the general population. For example, Taylor and
colleagues (2015) found that young children with ASD from multiplex families demonstrate
greater social and pragmatic language impairment than those from simplex families. In
addition to differences in symptom presentation, parents who already have experience
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rearing a child with ASD may respond differently than those who do not on screening
questionnaires.

Clinical Implications

The M-CHAT-R/F is the most widely-used screening measure to detect risk for ASD, but
results in a high number of FPs. Although many of the FPs have other developmental delays
and could benefit from early intervention referrals that are not ASD-specific, over-referrals
for ASD diagnostic evaluations, which are costly and time-consuming for families, can
lengthen waiting lists for evaluations and intervention. In the present study, we sought to
investigate whether secondary ASD screening could streamline referrals to determine
eligibility for ASD-specific services. Our results indicate that two-tiered screening, using the
alternative scoring of the STAT, may more accurately detect ASD risk. PPV for ASD
increased by 48% (M-CHAT-R/F alone PPV=.48; M-CHAT-R/F + STAT alternate scoring
PPV=.71), with sensitivity decreasing by only 8% (M-CHAT-R/F only sensitivity=.85; M-
CHAT-R/F + STAT alternate sensitivity=.78). Use of alternative scoring was used to explore
how to refine the screening, evaluation, and intervention referral process for toddlers at risk
for ASD. However, there are several additional areas related to multilevel ASD screening
that require further research and consideration in order to inform any specific clinical
recommendations.

A first practical challenge to be addressed in further studies is determining how secondary
screening can be implemented in the community setting using accurate and efficient
methods. For example, it may be difficult to accomplish secondary screening in the fast-
paced setting of a child’s primary care physician’s office. Thus, it may be more feasible for
children to be referred to clinics that specialize in autism evaluations to conduct Level 2
screening. The STAT, for example, requires less intensive training than many diagnostic
tools, such as the ADOS-2, and is appropriate for service providers of varying backgrounds
(e.g. undergraduate volunteers, graduate trainees, intake counselor, clinical social worker,
nurse, research staff) to administer. The short administration time would allow several
screening appointments to be completed within one day. This could reduce the number of
children requiring comprehensive evaluation and allow families to be seen for evaluation
more quickly. If replication studies utilizing the STAT (or other Level 2 measures) for
secondary ASD screening show strong psychometric outcomes, this may support use of two-
tiered screening for streamlining referral process.

Secondly, research on multilevel ASD screening design requires attention to the demands,
costs, and benefits of different models for triaging and referral. Given the obstacle of long
waiting lists for costly evaluations, two-tiered screening may potentially be used to prioritize
children who more urgently need (i.e. screen positive on both measures) autism-specific
assessment versus those who would benefit continued monitoring or more general
developmental evaluation. Alternatively, as has been implemented in South Carolina
(Rotholz et al. 2017), multilevel ASD screening may also be used to directly refer for
government-funded early intensive behavioral interventions while waiting for an evaluation,
given that children who screen positive on both steps of the two-step screening have a high
likelihood of receiving an ASD diagnosis and demonstrating more severe symptoms.
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Although this approach prioritizes autism evaluation referrals without delaying early
intervention services, thereby streamlining the referral process via state policy changes,
there may be barriers in other states that might hamper such a policy initiative.

Finally, there are important systemic factors impacting the implementation of multilevel
ASD screening that require consideration and improvement, including insurance coverage
and public policies. Ideally, secondary screening would be covered under recent insurance
mandates for ASD, as would coverage of ASD-specific intervention services delivered based
on screening positive on tools like the STAT rather than delaying service delivery until a
formal diagnosis is made. However, the extent to which screening, diagnosis, and treatment
are covered by insurance varies widely by state. Therefore, it is important to consider types
of public early interventions offered and breadth of insurance coverage in regard to
implementation of two-tiered screening. For example, public early intervention services may
typically include speech, physical, and occupational therapy, which are certainly beneficial
for many young children with ASD, but ASD-specific behavioral interventions (e.g. Applied
Behavioral Analysis) are not always embedded in public programs, or available to children
who do not have a formal ASD diagnosis. With recent mandates, such behavioral
interventions can sometimes be offered via insurance, but only after a diagnosis has been
made. Continued efforts are needed to not only help expand insurance coverage and
eligibility for intervention services, but also increase government funding for providing
evidence-based, ASD-specific early intensive behavioral interventions.

Although this study conducted initial screening in community-based pediatric clinics,
secondary screening and evaluation took place in a university setting following a research
protocol. As such, future research should investigate the clinical utility of the proposed two-
tiered screening methodology within community practices. In our sample, the model was
strongest when using modified STAT cutoffs; however, it was not the aim of this study to
develop a new STAT scoring protocol, but rather to focus on exploring the efficacy of a two-
stage screening model. Additionally, the sample was divided in half for development and
validation of the alternative STAT cutoffs, resulting in small sample sizes. Therefore, cross-
validation of the modified STAT scoring is needed in larger and independent samples.
Additional studies that expand on utilizing a two-step approach with Level 1 and Level 2
measures also will be beneficial.

Moreover, it is important to consider ways to streamline the flow between the various steps
in the screening and evaluation process. The more steps needed before clinical evaluation,
the more children may be lost. In the current study, attrition limits the interpretation and
generalization of the findings regarding two-tiered screening. More generally, attrition is a
daunting concern in community-based screening research (e.g. Janvier et al., 2016; Pierce et
al., 2011). Based on estimates from the larger screening project from which our sample was
drawn, 21% of families with screen positive M-CHAT or M-CHAT-R results did not
complete the Follow-Up. Of the 442 participants who screened positive on the M-CHAT-
R/F, warranting further evaluation, 24% completed both the STAT and the evaluation
(sample in current study), 32% completed the evaluation only, 2% completed the STAT only,
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and 42% did not complete the STAT nor the evaluation. Therefore, attrition between Level 1
screening and diagnostic evaluation was 44%. Attrition in the larger screening study was
correlated with lower maternal education and racial/ethnic minority status; the most
common reasons for not participating in the evaluation were non-responsiveness when
contacted (i.e. not attending the scheduled appointment, or not responding to scheduling
calls) and parents declining to participate when offered (see Khowaja et al., 2015). It is
likely that there may be attrition as well between Level 1 and 2 screening, although our
study did not address this issue because the STAT was performed as part of an optional
research visit that took place prior to the diagnostic evaluation and not as part of the larger
screening study protocol. However, it is noteworthy that of the 117 parents who participated
in the STAT visit, most (93%) subsequently completed the evaluation, suggesting low
attrition from Level 2 screening to evaluation. Also, only 2% of those who screened positive
on Level 1 screening completed the STAT but did not complete the evaluation, indicating
that only rarely did participation in Level 2 screening hinder follow-through with diagnostic
evaluation. Nevertheless, although Level 2 screening may help streamline referrals and
reduce the FP rate, it may also be less convenient for families. For example, some families
may find it challenging to schedule a visit at a specialty clinic for Level 2 screening. Thus, in
implementing two-step screening, increased outreach efforts from the clinic may be
necessary to help parents of varying sociodemographic backgrounds navigate towards
thorough, accurate diagnosis.

Overall, findings from the current study are promising in terms of improving screening
accuracy without increasing pediatrician burden. The use of two-tiered screening
demonstrates a lower FP rate and, with alternative scoring, also demonstrates a lower FN
rate. Additionally, it may be a cost-effective approach that streamlines referrals for
evaluations and/or intervention needs. The combined M-CHAT-R/F and STAT methodology
in this study is one approach to mitigating long waiting lists for diagnostic evaluations, one
of the most pressing challenges that affect families and providers when a young child is
identified as being at-risk for ASD. Future research should focus on identifying similar
solutions, whether replicating use of M-CHAT-R/F and STAT, utilizing other measures in a
two-tiered approach, or examining other novel approaches. Simultaneously, continued
efforts are needed from scientists, legislators, providers, and families to advocate for policy
changes to increase funding to provide accessible resources.
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Administer M-CHAT-R/F to identify
children in the general population
as at risk

Level 1 Screening

For M-CHAT-R/F screen positives,
administer the STAT to confirm or
disconfirm concerns of ASD

Level 2 Screening

If no ASD-specific concern,
perform ongoing monitoring; non-ASD
concerns referred for follow up
accordingly (e.g., speech evaluation)

If concerns still present, refer for
immediate ASD diagnostic evaluation
and enroll in early intervention programs

Figure 1.
Two-tiered approach to ASD screening.

M-CHAT-R/F: Moadified Checklist for Autism in Toddlers, Revised, with Follow-up; STAT:
Screening Tool for Autism in Toddlers and Young Children; ASD: autism spectrum disorder.
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Figure 2.

Two-tiered screening results with M-CHAT-R/F & STAT in high-risk sample.
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Autistic
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M-CHAT-R/F: Moadified Checklist for Autism in Toddlers, Revised & Follow-Up; STAT:
Screening Tool for Autism in Toddlers and Young Children; ASD: autism spectrum disorder;
PDD: Pervasive Developmental Disorder, Not Otherwise Specified.

Autism. Author manuscript; available in PMC 2019 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Khowaja et al.

Sensitivity

Page 17
1.0
0.3+
0.6
Cutoff Sensitivity Specificity
o4 0 1.000 0.000
1 .969 0.136
2 .875 0.409
3 .813 0.591
0.2 4 .688 0.864
5 .563 0.909
6 .219 1.000
7 .063 1.000
00 T T T T T
0.0 0.2 04 06 0.3 1.0
1 - Specificity
Figure 3.

ROC curve and psychometrics using new 7-item total score.
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Sample Characteristics (7= 109)

Table 1

%
Female 38.5
African American 44.0
Caucasian 376
Diagnosis: Autism Spectrum Disorder 59.0
Paper administration of M-CHAT-R 91.7

1%
Age at M-CHAT-R 20.34
Time from M-CHAT-R to Follow-Up? 2.69
Time from M-CHAT-R to STAT 4.48
Time from STAT to evaluation .35
Mullen Early Learning Composite 65.17

Vineland-11 Adaptive Behavior Composite ~ 78.81

SD
3.38
1.95

271
.63
17.05
10.68

M-CHAT-R: Modified Checklist for Autism in Toddlers, Revised; STAT: Screening Tool for Autism in Toddlers and Young Children.

aSubsampIe that completed paper version of M-CHAT-R/F (7=100).
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Standardized Canonical Discriminant Function Coefficients

Item#  Item Description Coefficient
7 Directing Attention: Bag of Toys .539
6 Directing Attention: Puppet .366
1 Play: Turn-Taking .363
2 Play: Doll 321
4 Requesting: Food 314
3 Requesting: Bubbles =271
9 Imitation: Shake Rattle .270
8 Directing Attention: Noisemaker — -.178
10 Imitation: Roll Car -.170
5 Directing Attention: Balloon .140
12 Imitation: Hop Dog -.117
11 Imitation: Drum Hands .034
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Table 3

Correlations between both STAT scores and severity of autism symptoms, cognitive abilities, and adaptive
functioning

STAT Total STAT DFA 7-item Total

(0-4) (0-7)
ADOS Total 51% 55%
ADOS Social Affect 55% 58*
ADOS Restricted & Repetitive Behaviors u* 397
Mullen Early Learning Composite 46" 43"
Vineland-11 Adaptive Behavior Composite  _ 46 * e

STAT: Screening Tool for Autism in Toddlers and Young Children; DFA: Discriminant Function Analysis;

ADOS: Autism Diagnostic Observation Schedule.

*
£<.001.
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Table 4

Clinical data across subsamples with ASD and non-ASD outcomes

ASD Non-ASD

STAT Positive  STAT Negative STAT Positive  STAT Negative

(n=30) (n=34) (n=9) (n=36)

M (SD) M (SD) M (SD) M (SD)
ADOS Total Severity 7 3341 75) 5.850(2.19) 2.67 (1.50) 1.94 (1.35)
ADOS SA Severity 7502(176)  6.060(1.74) 3.22 (1.56) 2.28 (1.34)
ADOS RRB Severity ~ 7.37 (1.99) 5.88 (2.47) 4.33 (1.94) 2.97 (2.43)
Mullen ELC 54.904(837)  68.590(19.36) 59.00(1591)  72.06 (16.35)
Vineland-1l ABC 71574(9.48)  80210(1022) 7922(745) 8354 (9.82)

ASD: autism spectrum disorder; STAT: Screening Tool for Autism in Toddlers and Young Children; ADOS: Autism Diagnostic Observation
Schedule; SA: Social Affect; RRB: Restricted and Repetitive Behaviors; ELC: Early Learning Composite; ABC: Adaptive Behavior Composite.

Note. Data compare results based on STAT performance within each diagnostic group utilizing independent samples #tests with Sidak-Bonferroni
correction (a=.010).

ab.. - Lo .
different letters indicate significant differences between subsamples

Autism. Author manuscript; available in PMC 2019 October 01.



	Abstract
	Introduction
	Current study

	Method
	Participants
	Measures
	Procedures
	Data analysis

	Results
	Clinical Profiles Across STAT Screening Subsamples

	Discussion
	Clinical Implications
	Limitations

	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	Table 4

