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Abstract

Few studies have explored autism spectrum disorder (ASD) screening in the first year of
life. The current investigation examines the psychometric properties of the Infant-Toddler
Checklist starting in the first year of life in a sample at elevated and average risk for ASD based
on family history. 283 participants were followed from 6 to 36 months, when diagnostic outcome
was determined. The results indicated low to moderate sensitivity, specificity, and positive
predictive value across ages for broadly distinguishing any delays from typical development, as
well as for more narrowly discriminating children with ASD from those who were typically
developing. Implications for utilizing ASD screening tools in the first year of life with high risk
samples are discussed.

Keywords: screening; infants; ASD; Infant-Toddler Checklist
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Introduction

Although heterogeneous in the timing of symptom emergence, autism spectrum disorder
(ASD) begins early in life, with signs first appearing between 9 and 24 months for most children
(Ozonoff et al., 2010; Zwaigenbaum et al., 2007), whether they demonstrate a regressive or an
early onset course. Parents often report concerns around their child’s first birthday (Macari et al.,
2018; Sacrey et al., 2016), but there is a significant delay until formal diagnosis for most
children, which occurs at a mean age of four in the United States and has not changed
appreciably in two decades (Baio et al., 2018). This “diagnostic odyssey” of 2-3 years indicates a
profound need for effective methods of screening during infancy, the most critical time period
when significant gains from early intervention are observed (Koegel, Koegel, Ashbaugh, &
Bradshaw, 2014).

More than a decade ago, the American Academy of Pediatrics recommended the use of
an ASD-specific standardized screener at the 18- and 24-month well-child visits (Johnson &
Myers, 2007). Since the publication of these guidelines, there has been an increase in screening
practices but far from universal implementation (Arunyanart et al., 2012; Khowaja, Hazzard, &
Robins, 2015). Currently, there are multiple screeners available for children 12 months and
older; however, there are few choices for ASD screeners in the first year of life. This may be
due, at least in part, to the protracted period of gradual symptom emergence and phenotypic
variability in the first years of life (Towle & Patrick, 2016; Zwaigenbaum et al., 2015).

In evaluating the accuracy of a screening instrument, the most important psychometric
features are sensitivity (SE), the percentage of affected children who screen positive for the
disorder, specificity (SP), the percentage of unaffected individuals who screen negative for the

disorder, and positive predictive value (PPV), the percentage of children who screen positive
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who are ultimately diagnosed with the disorder. In order to calculate these indices, it is necessary
to follow both screen-positive and screen-negative cases to the age at which the disorder can
conclusively be determined present or absent (Sheldrick et al., 2015).

Among the most widely used instruments with applicability to younger children is the
Modified Checklist for Autism in Toddlers (M-CHAT; Robins, Fein, Barton, & Green, 2001).
The M-CHAT is a parent questionnaire developed for use in the general population that is
normed from 16 to 30 months. A validation study with low-risk toddlers using the M-CHAT-
Revised, with follow-up, (M-CHAT-R/F) indicated SE of 85% (CI: 79 — 92%) and SP of 99%
(Cl: 99 — 100%; Robins et al., 2014). A recent meta-analysis of 13 studies using the M-CHAT
reported somewhat lower psychometric indices, including a pooled SE of 83% (95% CI: 75-
90%), SP of 51% (95% CI: 41-61%), and PPV of 53% (95% CI: 43-63%), in high-risk children
(i.e., those with identified developmental concerns prior to screening) but only 6% PPV in low-
risk children (Yuen, Penner, Carter, Szatmari, & Ungar, 2018). Many studies included in the
meta-analysis did not report SE and SP because screen-negative cases were not further evaluated
to confirm diagnostic status, resulting in only partial calculation of psychometric properties
(Miller et al., 2011; Toh, Tan, Lau, & Kiyu, 2018; Yuen et al., 2018).

The Infant-Toddler Checklist (ITC; Wetherby & Prizant, 2002) is a parent report
instrument developed as a broadband screener for communication delays that has the advantage
of screening cutoff scores and standardized norms for infants as young as 6 months. It was
initially developed to screen for communication delays and demonstrated good psychometric
properties for this purpose (SE = 88.9%, SP = 88.9%; Wetherby et al., 2004). A later validation
study examined how well the ITC distinguished children with ASD from a general population

sample (Wetherby, Brosnan-Maddox, Peace, & Newton, 2008). In a sample of 5,385 children
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aged 6-24 months, 56 out of 60 children who were eventually diagnosed with ASD had screened
positive on their first and/or subsequent ITC, resulting in a 93.3% SE pooled across ages, ranging
from 20% at 6-8 months to 94.7% at 21-24 months. Estimates of SP and PPV were not reported.

Despite being one of the only ASD screening instruments with norms available for the
first year of life, there are few studies of the ITC’s usage in infancy. Pierce et al. (2011) screened
low-risk infants in a pediatric office at 12 months and found a 75% PPV for detecting a range of
developmental delays, including ASD, language delays, and other developmental concerns.
Table 1 provides a list of the studies that have utilized the ITC and published on its psychometric
properties. Other than the Wetherby et al. (2004) validation sample, no studies have implemented
the ITC in the first year of life and conducted longitudinal follow up of the screen-negatives,
permitting calculation of complete psychometric indices.

Insert Table 1 here

The objective of the current study was to address several evidence gaps in the literature:
a) employing the ITC in the first year of life; b) following all cases to 36 months of age when
diagnostic outcomes could be determined for the full sample, permitting calculation of SE, SP,
PPV, and negative predictive value (NPV); and ¢) examining the ITC’s utility in a high-risk
cohort. In this study, we examined not only how well the ITC discriminated children with ASD
from those who were typically developing, but also how it distinguished any delays (ASD plus
other developmental problems) from typical development, since the ITC was originally
developed as a broadband screener for communication delays (Wetherby et al., 2008).

Methods

Participants and Procedures
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Using a prospective infant sibling design, n = 324 infants were enrolled in the study but
41 were excluded from the present analyses because they did not have outcome classification at
36 months. The final sample included n = 283 infants with n = 97 typically developing siblings
(low-risk) and n = 186 infants with a family history of ASD (high-risk). High-risk infants had at
least one older sibling with ASD (proband), confirmed using the Autism Diagnostic Observation
Schedule, Second Edition (ADOS-2; Lord et al., 2012) and the Social Communication
Questionnaire (SCQ); Rutter, Bailey, & Lord, 2003), a widely used parent report instrument with
validated cutoffs for ASD and satisfactory psychometric properties (e.g., 60-92% sensitivity and
52-92% specificity for distinguishing ASD vs. non-ASD across studies; Norris & Lecavalier,
2010). Low-risk status was confirmed by an intake screener and proband SCQ scores below the
ASD range. Exclusion criteria included birth before 32 weeks of gestation and a known genetic
disorder in the proband. Parents provided informed consent and the study was approved by the
university’s Institutional Review Board.

All participants were enrolled by 6 months (n = 210) or 9 months (n = 73) of age. Data
was collected at up to seven visits (6, 9, 12, 15, 18, 24, and 36 months). Three outcome groups
were classified at the 36-month visit: an ASD group (n = 46; 45 from the high-risk group and 1
from the low-risk group) who met Diagnostic and Statistical Manual of Mental Disorders 5" ed.
(DSM-5; APA, 2013) criteria for ASD and obtained ADOS-2 comparison scores of 4 or higher; a
Non-Typically Developing group (Non-TD; n = 38) that demonstrated Mullen scores over 1.5
standard deviations below the normative mean and/or ADOS-2 comparison scores > 3, but did
not meet criteria for ASD; and a Typically Developing group (TD; n = 199) whose scores on the
Mullen were in the average range or above and ADOS-2 comparison scores were below 3.

Measures
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Infant-Toddler Checklist (Wetherby et al., 2008). The ITC is a parent report questionnaire about
social-communication, language, and symbolic development. It yields three composite scores
(social, speech, and symbolic) as well as a total score. It is normed for use with children 6 to 24
months of age. A positive screen for communication delays, including ASD, is defined as a score
in the bottom 10™ percentile on the social, symbolic, or total composites.

Outcome Measures: Autism Diagnostic Observation Schedule-2 (Lord et al., 2012), Mullen
Scales of Early Learning (Mullen, 1995). The ADOS-2 is a semi-structured play-based
interaction and observation that provides a cutoff validated to distinguish ASD from non-ASD
cases; it has been widely used in prospective studies of high-risk samples (Zwaigenbaum et al.,
2009). It provides a comparison score that ranges from 1 to 10 and can be used to classify
participants into non-spectrum (below 4) and ASD (4 and above) groups (Gotham, Pickles, &
Lord, 2009). The ADOS-2 was used for the determination of outcome at 36 months of age. Five
modules are available for children of different ages and verbal levels; at 36 months, modules 1
and 2 were employed. These modules have excellent psychometric properties, with reported
sensitivities of 77-84% and specificities of 77-82% for distinguishing ASD from non-spectrum
(Lord et al., 2012). The Mullen Scales of Early Learning (MSEL) is a standardized
developmental test for children birth to 68 months that measures motor, cognitive, and language
skills. The MSEL manual reports good internal, test-retest, and interrater reliability and
convergent validity (Mullen, 1995). Both outcome measures were administered by examiners
who had completed rigorous research training and achieved 80% or higher reliability with a
trainer prior to administration and checked periodically throughout the study. All examiners were
kept unaware of child risk group, as well as scores and diagnoses from previous Visits.

Statistical Analysis
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Following Wetherby et al. (2008), a positive screen was defined as a score in the bottom
10™ percentile on the social, symbolic, or total scales. We examined statistical measures of the
performance of this binary classification, including sensitivity (SE), specificity (SP), positive
predictive value (PPV), and negative predictive value (NPV), at each visit. Following the
approach of Wetherby et al. (2008), two sets of analyses were conducted. First, the ASD and
Non-TD groups were collapsed into an “any delays” group and compared to the TD group.
Second, we compared the ASD group alone to TD.

Since sample size varied by visit, we used multiple imputations for incomplete
longitudinal binary data, so that estimates would be based on the same sample across ages. We
generated 100 data sets using multilevel multiple imputations with fully conditional specification
with the logistic regression (Yamaguchi, Misumi, & Maruo, 2018) and combined the results
according to Rubin’s rules (Rubin, 1987). All analyses were implemented in SAS 9.4 (SAS
Institute, Cary, North Carolina).

Results

Table 2 summarizes the performance of the ITC screener cutoff for distinguishing
participants with any delays (e.g., ASD plus Non-TD) from TD from 6 to 24 months. The
psychometric properties were below generally accepted levels of 80% or higher sensitivity and
specificity (Clark & Harrington, 1999), with indices improving over time and the highest values
obtained at the 24-month visit.

Insert Table 2 here

Next, following Wetherby et al. (2008), we examined the ITC’s psychometric properties

as an ASD-specific screener by comparing the ASD and TD groups alone, excluding the Non-

TD children. The psychometric values were moderate, with strongest indices at 24 months: SE =
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77% (95% CI: 64— 90%), SP = 85% (95% CI: 80— 91%), PPV =55% (95% CI: 42— 68%), and
NPV = 94% (95% CI: 90— 98%). Sensitivity indices were higher at all ages for specifically
detecting ASD than for more broadly detecting any delays, but PPV was substantially reduced.
Values for all ages are provided in Table 3.
Insert Table 3 here
Discussion

The current study examined the psychometric properties of the ITC in a sample of infants
at high- and low-risk for ASD. This is the first study to provide longitudinal ITC data from a
high-risk sample, with all children tested before the age of 12 months and followed through to
outcome at 36 months, allowing for a more detailed look at psychometric properties of the ITC
in the first year of life.

One finding of this study is that the ITC did not perform as well in a sample of infants at
elevated (familial) risk for ASD as it did in community validation studies (Wetherby et al., 2004,
2008), whether it was used to identify ASD alone or any delays (ASD + Non-TD). Specifically,
when comparing children with any delays (i.e. ASD + Non-TD) to TD children, PPV ranged
from a low of 31% at 6 months to a high of 62% at 24 months in our study. Longitudinally, SE
ranged from 51% to 62% and SP from 42% to 85% in our study. SE was improved, but PPV
worsened, in analyses focusing on the detection of ASD alone from TD. The psychometric
indices we obtained are all below recommended values for screening instruments (Clark &
Harrington, 1999) and below the indices reported by Wetherby et al. (2004, 2008). Thus, we
suggest caution when using the ITC in the context of a high-risk sample.

The lower PPV found in the current sample, relative to Wetherby et al. (2008), is

somewhat surprising, given the higher prevalence of ASD in high-risk groups. The PPV of any
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screening instrument depends on the base rate of the condition in the population within which it
is being tested. Clark and Harrington (1999) showed that even when screening tools have
acceptable SE and SP (i.e., 80% and above), they demonstrate low PPV indices when used to
detect low prevalence disorders such as ASD. This was demonstrated in the meta-analysis of the
M-CHAT as well (Yuen et al., 2018). In the current sample, 46 of 283 participants (16.3%) had
ASD, which is a much higher base rate than in the general population, suggesting we might have
expected more optimal (rather than worse) performance of the ITC relative to the Wetherby et al.
(2008) validation study.

In both the current investigation and previous studies (Wetherby et al., 2008), screening
accuracy is weakest in the first year of life and improves over time, with the strongest results
obtained at the latest ages. This is not surprising, given the heterogeneity of symptom onset,
which may begin in the first year of life in some children but unfolds along different timelines
and at different rates across affected children. This may raise the question of whether it is worth
screening for ASD in the first year of life. Since early treatment, which is known to optimize
outcomes, depends upon early detection, we believe that striving for the goal of first year
screening is not only worthwhile, but critical. It is possible that combining measures or
conducting two-stage screenings (e.g., following a positive ITC with the M-CHAT) would
bolster the performance of screening tools in the first year of life, which may be a fruitful
approach for future investigation.

One of the strengths of this study is that it followed all participants, including screen-
negative cases, to outcome at 36 months, permitting calculation of false negative rates, SE, and
SP, which not all prior studies have been able to do. Another strength is the extensive

longitudinal data, with all participants tested in the first year of life, providing psychometric
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properties at earlier ages for the ITC. Some of the limitations of the study include reduced
generalizability of the results to a general community sample and small sample sizes relative to
most screening studies.

ASD screening practices have shown exciting advances in recent years. However, the
field still needs a systematic approach for identifying ASD risk that addresses the challenges of
phenotypic variability and differing patterns of ASD symptom onset early in life. The abundance
of research demonstrating that signs of ASD emerge in the latter half of the first year of life
(Landa, Gross, Stuart, & Faherty, 2013; Ozonoff et al., 2010) calls for a closer look at the use of
screening tools under the age of 18 months. Early recognition of ASD-related behaviors affords
the opportunity for more timely provision of interventions that can have positive cascading

effects on adaptive, cognitive, and social development.

Ethical approval: All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national research committee
(XXX, ID: XXXXXXX-X) and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. This article does not contain any studies with animals performed
by any of the authors

Informed consent: Informed consent was obtained from all individual participants included in the

study.
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Table 1. Studies using the Infant-Toddler Checklist as a screener in young children

Autism spectrum disorder + communication delays vs. typical development

Study Age Sample  Recruitment Groups Outcome Groups Sensitivity %  Specificity % PPV% NPV %
(months)  Size (95% CI) (95% CI)  (95% Cl) (95% CI)
Pierce et al. (2011) 12 10479 General ASD, LD, DD, other - - 75 -
Wetherby et al. (2004) <24 3026 General ASD, DD, TD 89 89 94 80
Wetherby et al. (2008) 18 5385 General ASD, LD, TD - - 77 90
24 79 88

Autism spectrum disorder only vs. typical development

Wetherby et al. (2004) <24 3026 General ASD, TD 94 89 90 94
Wetherby et al. (2008) 18-24 5385 General ASD, TD 93 - - -

Oosterling et al. (2009) 8-44 238 High-risk? ASD, Non-ASD 71 59 78 50
Dudova et al. (2014) 24 155 <1500g birth weight ASD, TD 85 85 38 98

Note. ASD = Autism spectrum disorder. TD = typical development. DD = developmental delay. LD = language delay. *High-risk if

scored positive on the Early Screening of Autistic Traits (ESAT) or due to clinical concern.
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Table 2. Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value of the Infant-Toddler Checklist for

distinguishing any delays (ASD + Non-TD) from TD in a high-risk sample.

ASD + Non-TD

outcome at 36 months

TD outcome at 36 months

NON-TD NON-TD o -
TD (False TD (True  Sensitivity!  Specificity? PPV? NPV?
(True ) (False _
- Negatives) o Negatives)  (95% CI) (95% CI) (95% CI) (95% CI)
Positives) Positives)
62% 42% 31% 72%
6 months 38 21 73 56
(50% - 74%)  (33% - 50%) (23%-39%) (63% - 82%)
52% 60% 35% 75%
9 months 37 34 70 106
(41% - 63%) (53%-67%) (27% - 44%)  (68% - 82%)
62% 61% 40% 79%
12 months 47 29 70 109
(51% - 73%)  (54% - 68%) (31% - 49%)  (73% - 86%)
51% 77% 49% 79%
18 months 35 37 36 141
(40% - 62%) (71% - 84%) (38% - 60%)  (73% - 85%)
57% 85% 62% 83%
24 months 38 32 23 150

(46% - 68%)

(80% - 91%)

(51% - 74%)

(77% - 88%)

1Since sample size varied by visit, multiple imputations for incomplete longitudinal binary data were conducted. Estimates and Cl

were calculated after generating 100 data sets using multiple imputations and pooling the results.
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Table 3. Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value of the Infant-Toddler Checklist for

distinguishing ASD from TD in a high-risk sample.

ASD outcome at 36 Non-ASD outcome at 36
months months
NON-ASD NON-ASD o o
ASD (True ASD (False Sensitivity!  Specificity? PPV NPV!
- (False o (True
Positives) ) Positives) ) (95% CI) (95% CI) (95% CI) (95% CI)
Negatives) Negatives)
64% 42% 20% 83%
6 months 22 11 73 56
(48% - 79%) (33% - 50%) (13% -27%) (75% - 91%)
55% 60% 24% 85%
9 months 22 17 70 106
(40% - 70%) (53% - 67%) (16% - 32%) (79% - 91%)
74% 61% 30% 91%
12 months 31 11 70 109
(60% - 87%) (54% - 68%) (22% - 39%) (86% - 96%)
68% 77% 41% 91%
18 months 26 13 36 141
(54% - 82%) (71% - 84%) (30% - 52%) (87% - 96%)
77% 85% 55% 94%
24 months 28 9 23 150

(64% - 90%)

(80% - 91%)

(42% - 68%)

(90% - 98%)

1Since sample size varied by visit, multiple imputations for incomplete longitudinal binary data were conducted. Estimates and Cl

were calculated after generating 100 data sets using multiple imputations and pooling the results.
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