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ABSTRACT

Autism screening aids in early detection and diagnosis. Several screeners are available for toddlers 16 months and older, but
there is little data on the accuracy of screening measures used in the first year of life. A community sample (N=1641) completed
three screeners—M-CHAT-R, ITC, VIRSA—online at 6, 9, 12, 18, and 24 months of age (including exploratory use of M-CHAT-R
prior to 16 months). At 36 months, outcomes of ASD or Non-ASD were determined by tele-evaluation and outcome surveys.
Psychometric properties were assessed for all screeners at all ages, both used individually and in combination. When used in
the first year of life (6-12months), psychometric properties were in the poor range, with area under the curve (AUC) <0.70 for
all three screeners, whether used in isolation or combination. At 18 and 24 months, the M-CHAT-R and ITC outperformed the
VIRSA, with psychometric properties in the fair range (AUC 0.70-0.79) used in isolation and the good range (AUC > 0.80) when
used in combination. Using the M-CHAT-R and ITC at more than one age in the second year also fell in the good range. This
study, using procedures to address limitations of prior screening studies and follow screen-negative cases, found that none of
the three screeners had adequate psychometric properties in the first year. At 18 and 24 months, findings supported the use of
multiple screeners, either in combination or longitudinally, for best prediction of autism diagnosis.

Autism is characterized by challenges in social communi-
cation and the presence of restricted and repetitive behav-
iors (APA 2022). Screening tools aid in early detection of
autism, which is crucial for access to early intervention services.
Children with positive autism screening receive autism diagno-
ses earlier than those who are not screened or screen negative
(Guthrie et al. 2019; Zhang et al. 2022).

Screening tools that could identify autism risk during infancy
offer the opportunity for intervention before the full set of symp-
toms is present, but few are designed for infants in the first year

of life, and their ability to identify autism at such young ages
is not yet well-established (Sobieski et al. 2022; Zwaigenbaum
et al. 2015). Previous studies of very early screening have primar-
ily been conducted with 12-month-olds. The First Year Inventory
(FYT; Baranek et al. 2003; Reznick et al. 2007), for example, was
developed to assess autism risk at the first birthday. Preliminary
psychometrics indicated that 44% of children with autism were
identified by the FYT at 12months (i.e., sensitivity), with a pos-
itive predictive value (PPV) of 0.14 (Turner-Brown et al. 2013).
A newer short form (First Year Inventory—Lite Version; FYI-L)
has shown impressive sensitivity of 0.67 at 12months, but low

Abbreviations: ASD, autism spectrum disorder; ITC, Infant-Toddler Checklist; M-CHAT-R, Modified Checklist for Autism in Toddlers, Revised; VIRSA, Video-

Referenced Infant Rating System for Autism.
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Summary

Autism screening helps to diagnose autism early in devel-
opment. We found that the three screeners tested did not
work well in the first year of life. At 18 and 24 months,
using multiple screeners and screening at multiple ages
worked best in predicting autism diagnosis.

PPV of 0.24, indicating a high false positive rate at this young
age (Porto et al. 2025). The Infant-Toddler Checklist (ITC)
provides normative data from 6 through 24 months (Wetherby
et al. 2008). Pierce et al. (2011) found that approximately 20% of
those who screened positive in a pediatric setting at 12months
were ultimately diagnosed with autism; more recent estimates
of the ITC's sensitivity and PPV at 12months were also low,
0.26 and 0.24 respectively (Porto et al. 2025). As with the FYI,
the ITC's psychometric properties before 12months have not
yet been studied. Few other screeners have been developed for
use earlier than 12months and there is limited data on their
psychometric properties (Petrocchi et al. 2020; Thabtah and
Peebles 2019). The Autism Parent Screen for Infants (APSI;
Sacrey et al. 2018) and the Parent Observation of Early Markers
Scale (POEMS; Feldman et al. 2012) were developed for use with
infants at elevated familial likelihood of autism, including ages
prior to 12months, but have not yet been studied in community
samples.

The American Academy of Pediatrics recommends universal
autism screening at 18 and 24 months, followed by referral for
diagnostic evaluation when increased likelihood of develop-
mental disorders is identified (Hyman et al. 2020). However, the
US Preventive Services Task Force released a recommendation
statement concluding that there is insufficient evidence to weigh
the benefits and harms of universal autism screening, partly due
to a lack of data on outcomes for children who screened negative
(Siu et al. 2016). Most screening studies cannot calculate psycho-
metric indices of sensitivity and specificity since they typically
assess only children who have screened positive. This strategy
is reasonable and more efficient in large samples where the ma-
jority of children will screen negative, but this does not allow
for identification of cases of autism missed by screeners (Levy
et al. 2020; McPheeters et al. 2016; Siu et al. 2016). Even when
universal autism screening is implemented, there is evidence
that many children with autism diagnoses in their medical re-
cords had screened negative (Guthrie et al. 2019), highlighting
that follow-up of children who screened negative is crucial to
obtaining accurate psychometric properties of screening in-
struments. A study that included diagnostic evaluations for
children who screened positive and negative found lower sen-
sitivity for the screener than reported in prior studies without
diagnostic testing for screen-negative cases (Sturner et al. 2022).
Recommendations for research on autism screening empha-
size that accurate calculation of sensitivity and specificity re-
quires following children who screen negative (Zwaigenbaum
et al. 2015). One goal of the current investigation was to address
this limitation of previous studies.

This study focuses on the psychometric properties of three au-
tism screeners: the Modified Checklist for Autism in Toddlers,

Revised (M-CHAT-R; Robins et al. 2014), the ITC (Wetherby
et al. 2008), and the Video-Referenced Infant Rating System for
Autism (VIRSA; Younget al. 2020). The M-CHAT-R was selected
because it is the most widely used screener in pediatric settings.
Though it was designed and validated for use between 16 and
30months of age, we also administered the M-CHAT-R in the
first year to explore the utility of using this screener earlier, as
several items measure behaviors that emerge before 16 months
(Inada et al. 2010). The ITC was selected as an instrument that is
widely and freely available, brief, and provides norm-based stan-
dard scores as early as 6 months of age (Wetherby et al. 2008).
The VIRSA was selected as an alternative to traditional paper-
and-pencil screeners, instead providing video examples from
which parents make selections. It was developed and validated
for children 6 to 24 months of age (Young et al. 2020).

Previous estimates of the psychometric properties of these
screeners are impacted by characteristics of the samples, in-
cluding sample size, familial likelihood of autism, concurrent v.
prospective case confirmation, and use of follow-up interviews.
The M-CHAT-R is the most widely used screener in both re-
search and primary care and has shown a range of sensitivity
(22%-100%) and specificity (27%-100%) across studies, with a
meta-analysis reporting a pooled sensitivity of 83% and a pooled
specificity of 95% (Wieckowski et al. 2023). When implemented
in a universal screening approach, sensitivity was lower (39%),
with estimates higher in older toddlers and with more than one
screening (Guthrie et al. 2019). The ITC is a caregiver-report
questionnaire containing questions about social communica-
tion, language, and symbolic development that can be used to
screen for autism. Wetherby et al. (2008) reported sensitivity of
93%, though children who screened negative were not system-
atically evaluated. The VIRSA is a screening tool that employs
video examples representing a range of social communication
ability rather than verbal descriptions. In a sample including
children with elevated familial likelihood of autism who com-
pleted the VIRSA between 6 and 18 months of age, sensitivity
ranged from 54%-78% and specificity ranged from 44%-77%
(Young et al. 2020). However, the VIRSA has not yet been eval-
uated in a large, community-based sample.

In this study, we addressed limitations of prior research by using
multiple simultaneous screening measures, conducting repeat
screenings, and evaluating a random sample of children who
screened negative. Our objectives were to evaluate the psycho-
metric properties of the three autism screeners when used inde-
pendently and in combination in a large community sample: (1)
initially examining their performance in the first year of life (6,
9, and 12months of age) and (2) then examining their psycho-
metric properties at ages of common pediatric screening in the
second year (18 and 24 months).

1 | Method

1.1 | Participants

In thislongitudinal study, conducted between 2018 and 2024, three
screeners for autism were administered online to caregivers of a

sample of 2005 children. The sample was community-based (not
enriched for autism) and participants were recruited via hospital
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records, state birth records, and social media. The vast majority of
participants resided in California (94%). Families were eligible to
participate if they had: (1) a child under the age of 10months, (2)
a valid email address, (3) access to a device with internet capac-
ity, and (4) the ability to complete questionnaires at a 5th grade
English reading level. Participants were not excluded based on any
prior genetic or medical conditions, family history, or prematurity.

1.2 | Procedures

All study procedures were approved by the university's
Institutional Review Board. Caregivers completed screening in-
struments when participants were 6, 9, 12, 18, and 24 months of
age. If a child screened positive on any screener administered
between 6 and 24months, they were invited for a diagnostic
tele-assessment at 24 and 36 months of age (screening criteria
for each measure are detailed below). Ten percent of children
who screened negative on all measures at all ages (after inviting
15%) participated in tele-assessment at 24 and 36 months of age.
Analyses used the 36-month tele-evaluation data, as this was
considered the child's final diagnostic outcome for the study.

Telehealth platforms were used to conduct diagnostic eval-
uations in this study for several reasons: (1) to permit data
collection during COVID-19 restrictions, (2) to allow partici-
pation for families residing far from the study site, and (3) to
accommodate the large number of assessments conducted.
Tele-assessments were completed by Masters- or PhD-level
examiners with specialized training in both autism evalua-
tions and tele-assessment methods, with direct supervision
by a licensed clinical psychologist. Examiners were unaware
of participants' screening status or results of prior evaluations.
Telehealth evaluations included caregiver report of developmen-
tal functioning using the Developmental Profile, 4th Edition
(DP-4; Alpern 2020), observation of behaviors associated with
autism using the TELE-ASD-PEDS (TAP; Corona et al. 2020),
and clinical interviewing about autism-related characteris-
tics and behaviors as necessary. Telehealth evaluation using
the DP-4 and TAP has strong caregiver satisfaction and high
rates of agreement (over 90%) with in-person evaluation (Gangi
et al. 2025; Ozonoff et al. 2025; Parikh et al. 2025). At the end
of the tele-evaluation, examiners classified children as meeting
DSM-5 criteria (APA 2022) for autism spectrum disorder (ASD)
or not based on all information collected (see below). In rare
cases when tele-assessment was inconclusive (n =7, 1%), fami-
lies completed in-person evaluation for diagnostic clarification.

At 36 months, three outcome surveys were completed by all
participating families, whether they had done tele-assessments
or not. These surveys measured autism characteristics and
conducted surveillance for autism diagnoses made outside
the study. At the conclusion of the study, when participants
were between 3 and 7years of age, depending on time of en-
rollment, all participating families were surveyed again about
outside diagnoses of ASD. Families were included in analy-
ses if they had at least one screener completed at any age and
study outcome determination based on either tele-assessment
or surveys (see below). Figure 1 depicts longitudinal study
flow for participants.

1.3 | Measures

1.3.1 | Online Screening Measures Administered at 6, 9,
12, 18, and 24 Months of Age

1.3.1.1 | Modified Checklist for Autism in Toddlers,
Revised (M-CHAT-R). The M-CHAT-R is a caregiver-report
checklist with 20 yes/no items. It was initially validated for use
with children 16 to 30months of age but is often used up to
48 months (Wieckowski et al. 2023). A child was considered
to screen positive on the M-CHAT-R if their initial score was
>3 at 18 or 24 months of age. For children who scored above
the cutoff, families were contacted to conduct the M-CHAT-R's
follow-up interview, which is recommended clinically to reduce
false-positive identifications. However, the follow-up score was
not used to determine screen-positive status or in analyses, by
design, since one objective of this study was to cast as wide a net
as possible to identify autism cases that might be missed through
traditional screening procedures. Thus, children whose initial
M-CHAT-R scores were >3 were considered screen-positive
for study purposes and invited for evaluation regardless of fol-
low-up score.

Inada et al. (2010) published passage rates of each M-CHAT-R
item in a general population sample aged 8-20 months. They
found that many M-CHAT-R items were passed by 75% or
more of community infants at ages lower than 16 months (the
current recommended age of use). Specifically, 14 of 20 M-
CHAT-R items were passed by at least 75% of infants below
16 months of age and 12 items were passed by at least 75% of
infants 12 months or younger. Given the potential developmen-
tal appropriateness of many items, we had parents complete
the M-CHAT-R at all screening points (6-24 months) in order
to explore its utility at younger ages. For exploratory purposes,
the M-CHAT-R from the first year (6, 9, and 12 months) was
scored using the same procedure as older ages—i.e., initial
scores > 3 were considered screen positives.

1.3.1.2 | Infant-Toddler Checklist (ITC). The ITC is a
caregiver-report questionnaire about social communication,
language, and symbolic development, normed for use between
6 and 24 months of age. It yields three composite scores (Social,
Speech, Symbolic) and a total score. A child was considered to
screen positive on the ITC if their composite and/or total scores
were below the 10th percentile at any age. The ITC was added
to the study protocol partway through data collection, so it is
missing for more participants than other screeners.

1.3.1.3 | Video-Referenced Infant Rating System
for Autism (VIRSA). The VIRSA is a video-based screen-
ing tool using videos of parents and infants playing together,
depicting a range of social communication ability (ranging from
1 =least social to 10 =most social). Pairs of videos are presented
to caregivers, and they select which video is most similar to how
their child behaves. We hypothesized that the VIRSA could
improve screening by using video examples for parents to rate,
rather than written descriptions of behavior. A child was consid-
ered to screen positive if their score was <3, the range of con-
cern identified in Young et al. (2020).
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Participants Enrolled

005

Screened Positive
n =859

Invited for 36-month
tele-evaluation

.| Did not complete study
n =316

Screened Negative
n =830

Invited for 36-month
tele-evaluation
(randomized)

/

1

v Y A v v
Did not attend Attended Attended Did not attend
36-month surveys . ) ) . —> 36-month surveys
evaluation evaluation evaluation evaluation
v v L] A
- 36-month Survey 36-month 36-month 36-month Survey -
* +
M’Ssmﬁ _O;tzcome Outcome E ion O E ion Outcome Outcome M’SS’",? _O;gcome
- n=72 n=765 n=83 n=721 -

FIGURE1 | Flowchart of longitudinal study flow for participants. Note: Screening status reflects overall study screening status (i.e., screen pos-
itive =positive screen on any screener at any age; screen negative =screened negative on all screeners completed). * <2 36-month measures (n=7);

>1 36-month measure elevated (n=12); indicated outside autism diagnosis, unverified (n =3). * <2 36-month measures (n = 20); indicated outside

autism diagnosis, unverified (n =6).

1.3.2 | 36-Month Survey Outcome Measures

Three questionnaires were administered to all families at
36months to identify any autism cases that might have been
missed by the 6- to 24-month screenings and to determine di-
agnostic outcome for participants who had not screened positive
on any measure and/or had not attended a diagnostic tele-
assessment. If 36-month questionnaires indicated any autism
concerns or a diagnosis made outside the study, the participant
was invited for tele-assessment to clarify outcome classification.

1.3.2.1 | Social Responsiveness Scale, Second Edition
(SRS-2). The SRS-2 is a caregiver-report questionnaire that
captures social skills and behavior associated with autism
(Constantino and Guber 2012). It is normed for children
2-18years of age. Total scores >60 indicated potential con-
cerns for autism.

1.3.2.2 | Modified Checklist for Autism in Toddlers,
Revised (M-CHAT-R). Thisinstrumentwas re-administered
at 36 months, not as a screener but as an additional measure
of autism symptoms at study outcome. The cutoff used was
again an initial score of >3 (Robins et al. 2014).

1.3.2.3 | Study Exit Survey. At both 36months
and at the conclusion of study funding (approximately 6years

after enrollment of initial participants), all families were con-
tacted and asked to complete a surveillance survey regarding
whether their child had received a diagnosis of autism outside
of the study, by whom, and at what age.

1.3.3 | Outcome Determination

Two methods were used to assign a binary diagnostic sta-
tus (ASD, Non-ASD) at study outcome, based on either tele-
assessment (“Evaluation Outcome”) or 36-month survey
outcome measures (“Survey Outcome”) (see Figure 1). For
participants seen for a diagnostic tele-assessment at 36 months
(n=2848; mean age =35.18, SD =2.07), the result of the evalua-
tion (ASD or Non-ASD) was used as their diagnostic outcome.
For children who did not complete a 36-month diagnostic tele-
evaluation, primarily screen-negative cases, outcomes were
determined using the survey outcome measures. Before assign-
ing a Non-ASD outcome classification based on surveys, how-
ever, we attempted to identify additional false-negative cases
that may have slipped through earlier screenings. For addi-
tional outcome certainty for the children who were not seen for
a tele-assessment, we required that no autism concerns were
raised on any of the survey outcome measures completed by
caregivers at 36 months: the M-CHAT-R (i.e., score <3), SRS
(i.e., score < 60), and Study Exit Survey (i.e., no outside autism
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TABLE1 | Participant characteristics by diagnostic outcome group.

TABLE1 | (Continued)

ASD Non-ASD ASD Non-ASD
n % n % n % n %
Child sex 33-36weeks 8 8% 109 7%
Male 74 75% 809 53% > 36weeks 89 90% 1419 92%
Female 25 25% 733 48% Genetic/medical conditions
Child ethnicity Caregiver-reported 2 2% 8 1%
Hispanic/Latino 30 30% 363 24% conditions
) ) ) Note: Percentages may not add to 100 due to rounding.
Non-Hispanic/Latino 67 68% 1163 75%
Not reported 2 2% 16 1% diagnosis reported). If children had at least 2 of these 3 mea-
Child race sures and all of them indicated no concern for autism, their
) ) study outcome was classified as Non-ASD. Of participants
American Indian/Alaska 0 0% 13 1% without a tele-assessment who completed the study, 793 were
Native . . R
given Non-ASD survey outcomes. Children missing outcomes
Asian 14 14% 131 9% either (1) did not complete the study (n=317), (2) had fewer
Black/African-American 7 7% 33 2% than two 36-month measures comp?eted (n=27), 3) had >1
36-month measure elevated for autism concern (n=12) and
Native Hawaiian/Other 0 0% 5 1% were invited but not seen for tele-assessment to clarify diag-
Pacific Islander nostic status, or (4) indicated an outside autism diagnosis that
White 36 36% 939 61% was not able to be verified by the study (n=29). This procedure
resulted in a final sample of 1641 participants with stud -
More than one race 41 41% 407 26% esulte .. sample o . 641 p ,t cipants with study out
come determinations (99 children with ASD outcomes made
Not reported 1 1% 14 1% by the study team and 1542 children with Non-ASD outcomes)
Maternal education who were included in the present analyses. Demographic infor-
mation for each outcome group is presented in Table 1.
High school or less 10 10% 59 4%
Some college 25 25% 223 14%
1.4 | Analytic Plan
Bachelor's degree 30 30% 602 39% | yt
Graduate degree 34 34% 657 43% We used ROC analysis to assess sensitivity, specificity, PPV,
Not reported 0 0% 1 1% and negative predictive value (NPV) of the screeners in pre-
) dicting autism outcome. Area under the curve (AUC) was
Annual household income computed as a measure of the ability to distinguish between
$25,000 or less 9 9% 24 2% groups and overall diagnostic performance. AUC values of
>0.90 fall in the excellent range of discrimination, 0.80-0.89
$25,001-50,000 18 18% 77 5% . . . .
in the good range, 0.70-0.79 in the fair range, 0.60-0.69 in the
$50,001-80,000 17 17% 240 16% poor range, and <0.60 in the failing range (with values around
$80,001-100,000 7 7% 173 11% 0.50 indicating chance level discrimination) (Corbacioglu and
Aksel 2023; Nahm 2022). This was conducted first for each
$100,001-125,000 8 8% 199 13% screener in isolation and in combination, across all ages, then
$125,001-150,000 7 7% 184 12% longitudinally in the second year of life (18 and 24 months).
We then conducted logistic regressions and correlations to ex-
$150,001-200,000 15 15% 219 14% . . .
amine the unique predictive value of each measure, above and
>$200,000 12 12% 321 21% beyond the others.
Not reported 6 6% 105 7%
Familial likelihood of autism 2 | Results
Elevated Likelihood (older 17 17% 47 3%

sibling with autism)

Typical Likelihood (no older 82 83% 1495 97%
sibling with autism)

Gestational age

<32weeks 2 2% 14 1%

(Continues)

2.1 | Psychometric Properties of Screeners Used in
Isolation

2.1.1 | First Year of Life
Psychometric properties for each screener were first assessed

in isolation (see Table 2). When used in the first year of life (6,
9, and 12 months), the range of AUC values across all screeners
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was 0.49 to 0.65 (poor or failing range). The VIRSA tended to
have low sensitivity (12%-24%), but high specificity (93%-95%).
The ITC also tended to have lower sensitivity (31%-53% across
ages) than specificity (71%-90%). The M-CHAT-R, using the
standard cutoff of 3, resulted in very high screen-positive rates
in the first year of life. This resulted in sensitivity rates that were
extremely high (89%-99% across ages), but specificity rates that
were very low (< 1%-33%).

2.1.2 | Second Year of Life

At the common ages of pediatric screening—18 and 24 months—
the AUC values for screeners used in isolation fell within the
poor range for the VIRSA (0.65 at both ages) and the fair range
for the ITC and M-CHAT-R (0.74-0.78 across instruments and
ages; see Table 2). As in the first year of life, the VIRSA con-
tinued to have low sensitivity (33%-38%), but high specificity
(92%-97%). The ITC and M-CHAT-R had improved sensitivity
(53%-63%) relative to the first year of life and high specificity
(90%-97%).

2.2 | Psychometric Properties of Screeners Used in
Combination

We next examined the psychometric properties of the three
screeners used together in various combinations at a single age
(see Table 3). We used two scoring rules to define screening
positive on a combination of instruments: the narrow defini-
tion required a positive screen on both of 2 screeners or all of
3 screeners within the combination, while the broader defini-
tion allowed a positive screen on either of 2 screeners or any of
3 screeners. ROC analysis was again used to assess sensitivity,
specificity, PPV, and NPV in predicting ASD outcome for each
combination at each age (see Table 3).

2.2.1 | First Year of Life

AUC remained in the poor to failing range (Corbacioglu and
Aksel 2023; Nahm 2022), 0.49-0.69 for every combination of
screeners used in the first year of life (6, 9, and 12months). It
is worth noting that due to the extremely high screen positive
rate of the M-CHAT-R in the first year, any combination that
included the M-CHAT-R resulted in high sensitivity (89%-99%)
but very low specificity (< 1%-31%).

2.2.2 | SecondYear of Life

Psychometric properties for combinations of screeners were
improved at the common ages of pediatric screening relative
to using any instrument alone. For example, at 18 months,
AUC improved to the fair range for several screener combi-
nations (see Table 3). At 24 months, AUC improved still more,
with many screener combinations in the good range (above
0.80). At both ages, narrower definitions requiring a positive
screen on both or all screeners performed poorly. The best
performance was achieved using broader decision rules al-
lowing a positive screen on either or any instrument in the

combination at 24 months, with all AUCs in the good range,
sensitivity ranging from 66% to 78%, and specificity ranging
from 92% to 94%.

2.3 | Psychometric Properties of Screeners
Incorporating Multiple Ages in the Second Year
of Life

We also examined whether longitudinal screening in the
second year of life improved autism prediction, first using
the same instrument longitudinally and then using multi-
ple instruments over time. Given the poor performance of
all screeners in the first year of life, these analyses were re-
stricted to the second year of life; similarly, the VIRSA was not
included in these analyses due to low performance at all ages.
As was the case for using combinations of screeners at a single
age, using the same screener at multiple ages resulted in bet-
ter psychometric properties for both the M-CHAT-R and the
ITC when using a broader (“or”) definition than a narrower
(“and”) definition of screen-positive status. That is, for both
instruments, requiring a positive screen at either age (18 or
24 months) performed better than requiring a positive screen
at both ages (see Table 4). AUC improved from the poor to fair
range when requiring a positive screen at both ages (0.71 and
0.69 for the M-CHAT-R and ITC, respectively) to the good
range when using a positive screen at either age (0.81 and 0.83
for the M-CHAT-R and ITC, respectively). Sensitivity also im-
proved, from 39%-43% (narrow definition requiring a positive
screen at both ages) to 73%-75% (broad definition allowing a
positive screen at either age).

When using the two screeners—M-CHAT-R and ITC—in
combination at both ages, we found a similar pattern. As can
be seen in Table 4, defining a positive screen on either mea-
sure at either age (18 or 24 months) resulted in better psycho-
metric properties (AUC = 0.85, sensitivity 88%) than requiring
a positive screen on either measure at both ages (AUC =0.74,
sensitivity 51%).

2.4 | Unique Predictive Value of Screeners

Finally, we conducted logistic regressions to examine the unique
predictive value of each measure, above and beyond the others.
Given the poor performance of all screeners in the first year of
life, these analyses were completed only for the second year
of life. Final model parameters are presented in Table 5. At
18 months, a model with only the M-CHAT-R predicting ASD
outcome was a significant improvement over an empty model,
x*(1)=38.15, p<0.001. Adding the ITC significantly improved
prediction, y?(1) =49.20, p <0.001, and further adding the VIRSA
again significantly improved prediction, y?(1) =46.50, p <0.001.
At 24 months, a model with only the M-CHAT-R predicting ASD
outcome was a significant improvement over an empty model,
x*(1)=62.44, p<0.001. Adding the ITC significantly improved
prediction, x*(1)=69.27, p<0.001, and further adding the
VIRSA again significantly improved prediction, y*(1)=54.63,
p<0.001. This indicates that at both 18 and 24 months, all three
screeners were uniquely predictive and, even with all three in
the model, each remained significant (see Table 5).
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TABLE 5 | Coefficients from logistic regressions predicting
36-month outcome (ASD or no ASD).

Estimate Standard error p
18 months
Intercept 0.45 0.27 0.096
M-CHAT-R -1.95 0.31 <0.001
ITC -1.30 0.31 <0.001
VIRSA -1.16 0.29 <0.001
24 months
Intercept 1.95 0.40 <0.001
M-CHAT-R -1.95 0.38 <0.001
ITC -2.17 0.36 <0.001
VIRSA -1.71 0.39 <0.001

Correlations between measures found that at both 18 and
24months, the VIRSA was weakly correlated with the M-
CHAT-R and ITC, rs=0.21-0.28, ps<0.001. The M-CHAT-R
and ITC were moderately correlated at 18 months, r=0.57,
p<0.001, and 24 months, r=0.62, p<0.001. These intercorrela-
tions further support that the measures do not fully overlap and
provide unique contributions.

3 | Discussion

This study evaluated the psychometric characteristics of three
autism screeners in the first year of life (6, 9, and 12 months) and
at common ages of pediatric screening in the second year of life
(18 and 24 months). Multiple screeners were completed at multi-
ple ages on a large sample, diagnostic follow-up was conducted
on a sub-sample of randomly selected screen-negative cases, and
additional surveillance was done at the end of the study to capture
outside diagnoses made after study participation was complete.
This permitted us to identify many children who would have been
screen-negatives if only one screener had been used, screening
had been done at only one age, or surveillance after age 3 had not
been conducted. Identifying many (although likely not all) false
negatives provides more accurate estimates of sensitivity and
specificity measurement than previous screening studies, which
typically do not evaluate screen-negatives to find missed cases.

3.1 | Screening in the First Year of Life

In the first year of life, all three screeners—VIRSA, ITC, and M-
CHAT-R—performed poorly at all ages. The AUC, a summary
metric reflecting a measure's ability to distinguish between out-
come groups (Corbacioglu and Aksel 2023; Nahm 2022), was in
the failing (i.e., below 0.60) to poor range (i.e., between 0.60 and
0.69) for all measures, whether used individually or in combi-
nation. The M-CHAT-R was ineffective in the first year of life.
The vast majority of children screened positive at these ages, re-
sulting in AUCs in the failing range. This is not surprising since
the M-CHAT-R's cutoff of 3 was validated for children 16 months
and older.

While the VIRSA's AUC values were also in the failing range,
this instrument did not suffer from elevated screen positive
rates like the M-CHAT-R, but instead tended toward under-
identification, with low sensitivity rates in the first year (12%-
24%). This is consistent with a prior study of the VIRSA, in
which AUCs in the first year of life also fell in the failing range
in a sample of children at elevated familial likelihood of autism
(Young et al. 2020).

The ITC, which was normed for infants in the first year of life,
performed only slightly better than the M-CHAT-R and VIRSA,
with AUCs in the poor (as compared to the failing) range.
Wetherby et al. (2008), the developers of the ITC, also found low
sensitivity under 12 months of age in detecting autism.

Taken together, these findings do not offer promise for screening
for autism in the first year of life using the currently investigated
measures and scoring cutoffs. As noted, this was not unexpected
for the M-CHAT-R, which is recommended for 16 months and
older. We administered it at younger ages in an exploratory fash-
ion, given the potential developmental relevance of many items
(Inada et al. 2010), but it did not fare well in the first year of life.
The other two screeners employed in this study were explicitly de-
veloped for use in the first year of life, yet neither performed sat-
isfactorily in this age range either. The ITC's norms go down to
6months and the VIRSA was developed using videos of infants
demonstrating autistic features at 6, 9, and 12months, but both had
poor psychometric properties when used in the first year of life as
well. The poor performance of all three screeners at 12months and
before may be due to the timing of symptom onset, with autistic
features emerging gradually over time (Landa et al. 2007; Ozonoff
et al. 2010; Szatmari et al. 2016). It is possible that in the first year
oflife, clearly atypical or delayed behavior is not yet readily observ-
able for caregivers to rate consistently.

Before a determination can be made about the validity of autism
screening prior to the first birthday, further studies are needed
to test other instruments that are developmentally appropriate
in this age range. For example, the recently updated First Year
Inventory, version 3.1 (Baranek et al. 2022) extends down to
6months, and both the APSI (Sacrey et al. 2018) and POEMS
(Feldman et al. 2012) have been used prior to the first birthday.
Another potentially fruitful avenue for future research is multi-
stage longitudinal screening that begins in the first year of life.
One study demonstrated that using the ITC or FYI at 12 months,
combined with the M-CHAT-R at ages after 16 months, led to
earlier autism diagnosis (Wieckowski et al. 2021); future re-
search could further investigate this approach using additional
screening instruments.

3.2 | Common Ages of Pediatric Screening in
the Second Year of Life

When considering the three screeners used in isolation, the ITC
and M-CHAT-R both clearly outperformed the VIRSA at 18 and
24 months. The AUC in the second year of life was in the poor
range (i.e., between 0.60 and 0.69) for the VIRSA, while it was in
the fair range (i.e., between 0.70 and 0.79) for both the ITC and
M-CHAT-R. Therefore, the results of this study do not support
further use or development of the video-based VIRSA, which
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did not enhance identification of autism above traditional writ-
ten behavioral descriptions of screeners.

We also evaluated psychometric properties when screeners were
used in combination. In general, requiring a positive screen on
multiple instruments (using a narrower definition; “and” rule)
resulted in low sensitivity at any age (24%-51%). Performance
was improved, however, when defining a positive screen as over
the cutoff on either of two instruments or any of three instru-
ments (broader definition; “or” rule). This provided a better
balance between sensitivity and specificity. AUC values for M-
CHAT-R+ITC combinations at 18 months fell in the fair range,
and at 24months fell in the good range, considered clinically
useful (i.e., between 0.80 and 0.90) (Corbacioglu and Aksel 2023;
Nahm 2022). Similarly, at both 18 and 24 months, logistic regres-
sion demonstrated that each screener provided non-redundant
information that identified true positive cases of autism that
would not have been detected by the other screeners (i.e., would
have been false negatives). Taken together, the clinical implica-
tion of these findings is that sensitivity to detect autism, while
maintaining acceptable specificity, is maximized by using two
screeners together at 18 and 24 months.

We found better performance of autism screeners at 24 months
than 18 months of age. This is consistent with previous work
using the M-CHAT-R/F finding that screenings at older ages
(e.g., 21-26 months of age) are more sensitive and have higher
PPV than those conducted at younger ages (e.g., 16-20 months
of age) (Guthrie et al. 2019; Sturner et al. 2017). Conducting
repeated screenings identifies additional children with autism
even when initial screening is negative (Dai et al. 2020; Parikh
and Ozonoff 2025; Wieckowski et al. 2023). There have also
been suggestions to use an early screener such as the ITC or
FYT at 12months, followed by the M-CHAT-R at 16 months and
above (Salgado-Cacho et al. 2021; Wieckowski et al. 2021). In
our sample, for both the M-CHAT-R and the ITC, considering
a positive screen at either 18 or 24 months yielded higher AUC
values than for either age independently. This fits with what is
known about the emergence of autism features in the first two
years of life, namely that it is gradual and its time course differs
across children, with some showing clear signs early and others
not until later (Landa et al. 2007; Ozonoff et al. 2010; Szatmari
et al. 2016). Even when children are followed closely by experts
conducting repeated developmental evaluations, many children
with autism outcomes at 36 months are not yet diagnosed (or di-
agnoseable) at 18 or 24 months (Ozonoff et al. 2015). As features
of autism emerge over time, with children meeting criteria for
a diagnosis at different times in development, repeated screen-
ings—even after an early negative screening—minimize the
likelihood of missing children who would benefit from further
evaluation.

3.3 | Study Strengths and Limitations

Our study design allowed for the calculation of all psychomet-
ric performance metrics (not only PPV and NPV, but also sen-
sitivity and specificity). Multiple screeners were administered
at multiple ages, and any child who screened positive on any
measure at any age was invited for evaluation. For example, a
child who screened positive on one screener at one age (e.g., a

positive screen on the VIRSA at 6 months) was invited for eval-
uation even if all other screeners at all other ages were negative.
This resulted in over half our sample being seen for diagnostic
evaluation, including many children who would have been con-
sidered screen-negatives on individual measures or single ages.
Conducting surveillance at the end of the study also allowed for
greater confidence in presumed Non-ASD outcomes. Rather
than relying on negative screens alone, children were only clas-
sified as Non-ASD if there were no concerns for autism on addi-
tional survey outcome measures.

The autism rate in our sample was 6%. Although this is higher
than national prevalence estimates of 3% among 4-year-old
children, it is consistent with the most recent estimates of the
autism rate in California among 4-year-olds, which is also 6%
(Shaw et al. 2025). The vast majority of our sample (94%) resides
in California, a state that has consistently had the highest preva-
lence among sites of the Autism and Developmental Disabilities
Monitoring Network (Shaw et al. 2025). Additionally, while we
did not enrich our community sample for autism risk, we also
did not exclude participants with genetic/medical diagnoses that
could affect neurodevelopment (e.g., hydrocephalus, Down syn-
drome) or who had older siblings with autism, since these would
be expected to occur in a general community sample. The rates
of each were low (genetic/medical conditions=1%, elevated fa-
milial likelihood =4%) but may also have elevated the rate of
autism in our sample.

A possible limitation of our study related to the M-CHAT-R is
the use of the initial, rather than the follow-up, score. This was
done by design, since one objective of this study was to identify
as many false negatives as possible. However, previous studies
show improved psychometric performance of the M-CHAT-R
with use of the follow-up interview (e.g., Kleinman et al. 2008;
Robins et al. 2014), and therefore it is possible that psychomet-
ric estimates in our sample might have been higher had we
used the follow-up interview to define screen positivity on the
M-CHAT-R. But while this might improve specificity (by de-
creasing false positives), it would not improve sensitivity (as the
follow-up interview does not identify new cases).

3.4 | Clinical Implications

Our findings have clear applications for clinical practice. First,
this study does not support autism screening in the first year of
life using the three measures tested (M-CHAT-R, ITC, VIRSA)
and currently available scoring criteria. It is not surprising to
find that screening for autism in the first year of life is difficult,
given that autism symptoms emerge over time and typically
begin to be evident during the second year of life. Even studies
with expert evaluations conducted systematically and prospec-
tively (Zwaigenbaum et al. 2016) have not led to broad identifi-
cation of children with autism during the first year of life, and
often a child's presentation is not clear enough for a diagnosis to
be made until 24 or 36 months (Ozonoff et al. 2015).

Second, our findings support the use of multiple screeners
at 18 and 24 months, particularly the two paper-and-pencil
caregiver-report instruments already used in primary care,
the M-CHAT-R and ITC. At both ages, these performed best
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when screening positive was considered screening positive on
either instrument or at either age. This approach outperformed
any of the screeners considered in isolation. It is possible that
additional steps between initial screening and diagnostic eval-
uations may aid in triaging children to receive full diagnostic
evaluations who may be most likely to benefit after an initial
positive screen. For example, employing a Level 2 screener
such as the Screening Tool for Autism in Toddlers and Young
Children (STAT; Stone and Ousley 2008) after the M-CHAT-R
can aid in reducing false positives and streamlining referrals
for further autism-specific evaluation (Khowaja et al. 2018) or
be used to determine presumptive eligibility for early interven-
tion services while waiting for formal assessment and diagnosis
(Rotholz et al. 2017).

While our suggested approach to screening maximizes the like-
lihood of identifying autism, there will also be false positives re-
ferred for evaluation. We acknowledge that this may contribute
to a burdened system with limited providers in which families
often wait long periods for a developmental evaluation, and it
may be more difficult for children to be evaluated quickly out-
side the context of our research study. However, at the stage of
initial autism screening, our findings clearly support the use of
multiple screeners, with repeated screenings conducted in the
second year of life, to maximize the likelihood of identifying
autism and minimize the likelihood of children getting missed
for evaluation during a crucial period for early intervention
services.
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