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Abstract

Differential diagnosis of young children with suspected autism spectrum disorder (ASD) is challenging, and clinician
uncertainty about a child’s diagnosis may contribute to misdiagnosis and subsequent delays in access to early treatment. The
current study was designed to replicate and expand a recent report in this Journal (McDonnell et al. in J Autism Dev Disord
49:1391-1401, https://doi.org/10.1080/15374416.2020.1823850, 2019), in which only 60% of diagnoses were made with
complete certainty by clinicians evaluating 478 toddlers and preschool children referred for possible ASD to specialized
clinics. In this study, secondary analyses were performed on diagnostic, demographic and clinical data for 496 16-30-month-
old children who were consecutive referrals to a 6-site clinical trial executed by specialized centers with experienced clini-
cians following best-practice procedures for the diagnosis of ASD. Overall, 70.2% of diagnoses were made with complete
certainty. The most important factor associated with clinician uncertainty was mid-level autism-related symptomatology.
Mid-level verbal age equivalents were also associated with clinician uncertainty, but measures of symptomatology were
stronger predictors. None of the socio-demographic variables, including sex of the child, was significantly associated with
clinician certainty. Close to one third of early diagnoses of ASD are made with a degree of uncertainty. The delineation of
specific ranges on the ADOS-2 most likely to result in clinician uncertainty identified in this study may provide an opportunity
to reduce random subjectivity in diagnostic decision-making via calibration of young-child diagnostic thresholds based on
later-age longitudinal diagnostic outcome data, and via standardization of decision-making in regard to clinical scenarios
frequently encountered by clinicians.
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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmen-
tal condition diagnosed behaviorally by the presence of
early-emerging and persistent differences in social inter-
action and communication skills, and by the presence of
restricted and repetitive patterns of behavior (American
Psychiatric Association (APA), 2013). Early identification
and treatment are two of the most important factors pro-
moting improved lifetime outcomes for children with ASD
(Zwaigenbaum et al., 2015a, 2015b; Zwaigenbaum et al.,
2015a, 2015b). Because up to 80% of parents recognize
developmental concerns in their children subsequently
diagnosed with ASD by age 2 years (Chawarska et al.,
2007), the American Academy of Pediatrics recommends
universal screening for ASD at 18 and 24 months (Hyman
et al., 2020; Johnson et al., 2007). And yet, the median
age of ASD diagnosis in the US has been late, between
4 and 5 years of age, and unchanging over various Cent-
ers for Disease Control and Prevention (CDC) bi-annual
surveillance cohorts (Baio et al., 2018; Christensen et al.,
2016; Maenner et al., 2020). This public health challenge
moves eligibility and access to intervention services from
within the period of maximal neuroplasticity (Johnson,
1999) and of the (US) federal mandate for early interven-
tion services (US Department of Education, 2020)—the
period from birth to 3 years—to a point several years
hence, when many years of development have already
played a large role in shaping the course of a child’s con-
dition (Klin et al., 2020). Age of diagnosis is later still in
minority, low-income and rural communities (Constantino
et al., 2020; Daniels & Mandell, 2014; Daniels et al., 2014;
Maenner et al., 2020).

Several factors account for late ages of diagnosis of
ASD, including primary care clinicians’ time restrictions
(Honigfeld et al., 2012), lack of accurate and cost-effec-
tive screening and diagnostic tools (Randall et al., 2018),
limited number of expert clinicians (US Government
Accountability Office (GAO), 2013), and a general “wait
and see approach” that results in ASD diagnosis being
made only when symptomatic presentation is obvious,
typically when the child is older (Daniels et al., 2014).
This study focuses on one potential such factor —levels of
clinician certainty during diagnostic assessment, which
has been understudied in the literature. This is particularly
acute in the case of young children, where diagnostic cer-
tainty can be challenging because overt ASD symptoma-
tology is still emerging and because other developmental
delays or environmental stressors can confound clinical
presentation (Zwaigenbaum et al., 2015a, 2015b), even
when best-practices are deployed by expert clinicians
(Kim & Lord, 2012). The dynamic nature of unfolding
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early symptomatology in ASD, particularly, represents a
major challenge in early differential diagnosis, with high
rates of false negatives having been reported in the litera-
ture when children are followed-up from 24 months of age
to later years (Ozonoff et al., 2015).

We could identify only one systematic study of clinicians’
diagnostic certainty in young children with ASD (McDon-
nell et al., 2019). It was conducted in three university-based
tertiary-care clinics specializing in comprehensive ASD
evaluations, in which clinicians were licensed and experi-
enced, all trained to research reliability levels on the Autism
Diagnostic Observation Schedule, Second Edition (ADOS-2)
(Lord et al., 2012). The study included 478 young children
with an average age of 42 months (SD 14.7; range 18 to
73 months), 79.1% male, 21.8% non-White, with average
IQ of 72.6 (SD 21.3) (global scores on developmental or
cognitive assessment tools, depending on child’s chrono-
logical age). Of the 478 children, 339 (70.9%) were given
an expert clinician diagnosis of ASD, and 139 (29.1%) of
non-ASD. Most children with non-ASD received another
diagnosis (mostly global developmental delay, language
disorder or ADHD), with only 7 children (1.5%) receiv-
ing no diagnosis. Clinicians rated their certainty in their
diagnosis on a 4-point scale as completely uncertain (1.8%
of cases), somewhat uncertain (8.2% of cases), somewhat
certain (30.7% of cases), and completely certain (59.2% of
cases). For purposes of data analysis, “uncertain” included
the first 3 categories and “certain” included the last category.
Overall, therefore, only approximately 60% of diagnoses
were made with certainty. ADOS-2 results were strongly
associated with certainty: “uncertain” rating was associated
with moderate levels of ASD symptoms as measured by the
ADOS-2 (vs high or low).

These are surprisingly low levels of clinician certainty
given that the three participating centers are highly spe-
cialized for the differential diagnosis of ASD. And yet, it
is not possible to estimate what should be considered an
optimal level of clinician certainty as there are no other
studies available for comparison. In the general commu-
nity, where practitioners have less ASD-specific training
and experience, and best-practice diagnostic assessments
are typically not viable, levels of clinician certainty are
likely to be even lower. These results have potentially
important impact on management of the diagnostic pro-
cess, public health priorities, and ASD research. For
clinical management, clinician uncertainty may protract
the diagnostic process, thus contributing to significant
stress, time-loss and financial cost for families (Crane
et al., 2016; Rutherford et al., 2016). For public health,
clinician uncertainty may be an important obstacle to
early and efficient diagnosis of ASD and, consequently,
to eligibility for services (Rutherford et al., 2018). And in
research, clinician uncertainty may contribute to higher
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heterogeneity of samples—reducing signal/noise ratio for
meaningful analyses—if the “ground truth” for ASD ver-
sus Non-ASD diagnostic assignment is certain in some,
but not in all, cases (Lijmer et al., 1999).

To address this important gap in the literature, and to
attempt a replication of the McConnell and colleagues’
results (McDonnell et al., 2019), the present study ana-
lyzed data obtained via a multi-site clinical trial in six US
specialized centers to probe clinician certainty in the dif-
ferential diagnosis of ASD in 16-30-month-old children,
a critically important age if we are to advance increased
access to early (Birth to Three) intervention services. Spe-
cifically, our goals were to measure: (a) overall levels of
clinician certainty in Expert Clinician Diagnosis (ECD),
as well as certainty of ASD vs Non-ASD ECDs; (b) differ-
ences in ECD levels of certainty across the six participat-
ing sites; and (c) impact of child demographic and clinical
characterization data on clinician certainty. Additionally,
we explored clinicians’ stated reasons for their uncertainty
when making the ECD of ASD and Non-ASD. This plan
was intended to probe the intriguing findings of the only
study available on this important question (McDonnell
et al., 2019), and if so, to set the stage for future research,
designed and executed from the outset to shed light on
clinician decision-making in differential diagnosis of tod-
dlers with ASD, with the ultimate goal of improving clini-
cal practice.

Method
Context of the Study

This study is a secondary data analysis of a ClinicalTri-
als.gov-registered (NCT03469986) multi-site, prospective,
double-blind trial of an eye-tracking-based investigational
device for the diagnosis of ASD relative to the reference-
standard and current best-practice Expert Clinician Diag-
nosis (ECD) of ASD in 16-30-month-old children. Six
sites in the US contributed to the sample, all of which
were university-based, specialized centers for the diag-
nosis of ASD in young children (alphabetically, Cincin-
nati Children’s Hospital Medical Center, Marcus Autism
Center at Emory University and Children’s Healthcare of
Atlanta, Rush University Medical Center, Seattle Chil-
dren’s Hospital and University of Washington, Southwest
Autism Research & Resource Center, and University of
California San Francisco Center for Autism Spectrum and
Neurodevelopmental Disorders). All participating fami-
lies provided informed consent approved by the Institu-
tional Review Boards of the respective academic health
institutions.

Participants

Children were recruited and enrolled consecutively based
on parental or provider’s concern for ASD or in response to
advertised recruitment for this study. The relevance of this
sample for the subject of study is that the sampling strat-
egy minimized spectrum bias (by recruiting in 6 sites) and
selection bias (participants were enrolled consecutively
with no ASD-specific screening) (Lijmer et al., 1999), thus
representing typical referral patterns to specialized ASD
clinics. Nevertheless, given the nature of the pivotal trial,
inclusion criteria included normal or corrected-to-normal
vision and hearing, and parent or guardian’s ability to
communicate with investigators and to provide informed
consent in English. Exclusion criteria included known
genetic disorders (e.g., neurofibromatosis), vision and/
or hearing impairments (e.g., congenital nystagmus), or
active and/or acute illness (e.g., fever, uncontrolled seizure
disorder). A total of 496 (or 98.2% of the full enrollment
of 505) 16-30-month-olds completed the study and had
no missing data for Expert Clinician Diagnosis (ECD),
Clinician Certainty Rating, and scores on standardized
diagnostic and developmental instruments. Of the N=9
participants not included in the study, N =3 met exclusion
criteria of the trial, N =3 withdrew from the study, and
N =3 did not complete the clinical protocol in full, and
were, therefore, excluded from further analyses.

Procedures

The experimental and clinical diagnostic procedures were
conducted independently on the same day. Clinical proce-
dures included the execution of standardized diagnostic and
developmental assessments, parental questionnaires, inven-
tories of developmental history and current presentation, all
of which contributed to an expert clinician diagnosis (ECD)
following best-estimate diagnostic procedures (Leckman
et al., 1982) using the totality of information available to
the expert clinician (Kim & Lord, 2012), including prior
medical records when these were available. This procedure
applied to both the diagnoses of ASD and of Non-ASD con-
ditions, including the ECD of (Non-ASD) Developmental
Delay (DD), which, although assigned by clinician judgment
also typically reflected the rule of > 1.5 standard deviations
(SDs) below the mean in two subscales of the Mullen Scales
of Early Learning (Mullen) (Mullen, 1995), or of >2.0 SDs
below the mean in one Mullen subscale. Standards for attain-
ment and maintenance of fidelity and reliability on stand-
ardized procedures are provided in detail in Supplementary
Materials). All procedures were approved by the Institutional
Review Board at each site (one site used a central IRB), and
all parents/guardians provided informed consent.
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Clinician Certainty in Diagnosis

Clinicians performing the expert clinician diagnosis (ECDs)
were required to rate the certainty of their diagnoses for
every participant in the study upon completion of the evalu-
ation. They were asked to complete a 5-point scale on their
diagnostic certainty levels as follows: “Extremely Uncer-
tain” (0-20%); “Somewhat Uncertain” (21-40%); “On
the fence” (41-60%); “Somewhat Certain” (61-80%); and
“Certain” (81-100%). They were asked to rate their level of
certainty of their ECD regardless of the diagnosis assigned
to the child (i.e., ASD or Non-ASD). This procedure was
intended to mirror the one adopted in the study targeted for
replication (McDonnell et al., 2019). There is currently no
available tool for measuring clinician certainty in ASD diag-
nosis that has been psychometrically validated. Our intent
was that a replication of the findings might generate the
impetus for future development and study of such a scale.
Also, similarly to the targeted study, diagnostic certainty
ratings were collapsed for subsequent analyses, with the
top level considered “Certain” ECDs, and the other levels
considered “Uncertain” ECDs, thus ensuring comparability
of findings across the two studies. Finally, clinicians were
requested to provide rationale(s) for uncertainty ratings
(open-ended narrative).

Fifteen clinicians (2 or 3 per site) conducted all clinical
assessments, 14 psychologists and 1 child and adolescent
psychiatrist. They all had a minimum of 3 years of relevant
clinical experience subsequent to completing post-doctoral
fellowships specializing on diagnosis and assessment of
toddlers with ASD and related neurodevelopmental condi-
tions. All clinicians had certification to research level on the
ADOS-2; also, reliability was demonstrated at the beginning
of the study and monitored throughout (see Supplementary
Materials for additional details).

Measures
Parent Questionnaires

Parents were asked to complete a set of questionnaires that
included information on demographic information, develop-
mental history, medical history, and medication and inter-
vention history. These procedures were standardized across
all sites.

Autism Diagnostic Observation Schedule, Second Edition
(ADOS-2) (Lord et al., 2012)

The ADOS-2 is a standardized assessment of ASD symp-
toms using a semi-structured play session consisting of a set
of presses for social and communication interaction intended
to elicit behaviors relevant to the diagnosis of ASD. These
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observations are then coded according to detailed scoring cri-
teria. The ADOS-2 has been extensively validated for use in
diagnostic assessment of ASD (Randall et al., 2018). ADOS-2
data were analyzed using total algorithm scores for Social
Affect (SA) and Restricted & Repetitive Behaviors (RRB)—as
well as Total algorithm scores (SA +RRB scores). Informa-
tion on ADOS-2 modules and scoring algorithms, their fre-
quency of use in the sample, and rationale for adopting these
scores rather than standardized Calibrated Severity Scores are
provided in Supplementary Materials. Data collection for this
trial ended in 2019, therefore, before COVID-19 necessitated
changes and adaptations in ADOS-2 administration.

Mullen Scales of Early Learning (Mullen) (Mullen, 1995)

The Mullen is a standardized developmental assessment
for children 0-68 months of age and is well-validated for
measurement of cognitive, language and motor skills,
measurements that are considered a required element in
best-practice evaluations of children with ASD (Zwaigen-
baum et al., 2015a, 2015b). It yields results (T scores and
age equivalents) across 5 scales: Receptive and Expressive
Language, Visual Reception (nonverbal learning), Fine and
Gross Motor skills. In this study, we analyzed age equivalent
scores yielding measures of verbal and nonverbal ability. To
assign a single Verbal Ability Age Equivalent Score to each
child, we averaged the Mullen’s Receptive and Expressive
Language age equivalents; Nonverbal Ability Age Equiva-
lent Scores corresponded to the Mullen’s Visual Reception
age equivalent.

Analytic Strategy

All analyses were performed in SAS v.9.4 (Cary, NC) and
CRAN R v.4.2 (Vienna, Austria), and statistical significance
was evaluated at the 0.05 threshold throughout. Continuous
variables are summarized using means with standard devia-
tions and/or medians with ranges, and categorical variables
are presented as frequencies with percentages. Any hypoth-
esis testing between two groups (e.g., ECD of ASD versus
ECD of Non-ASD) was performed using two-sample 7-tests
for continuous variables and chi-square tests of independ-
ence for categorical variables; for hypothesis tests with > 2
groups, two-sample tests were replaced with unequal vari-
ances ANOVA, and in circumstances when expected frequen-
cies were low, chi-square tests were replaced by Fisher’s
exact tests.

Overall Levels of Clinician Certainty in Their Expert Clinician
Diagnosis (ECD), and by ECDs of ASD vs Non-ASD

Levels of Clinician Certainty were dichotomized as “Cer-
tain” (81-100%) versus “Uncertain” (0-80%), as in the
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McDonnell and colleagues’ study (McDonnell et al., 2019),
and tabulated categorically with frequencies and percent-
ages. Hypothesis testing between clinician certainty and
ECD (ASD vs Non-ASD) was performed with a chi-square
test of independence.

Differences in ECD Levels of Uncertainty Across the Six
Participating Sites

Associations between levels of Clinician Certainty and ECD,
moderated by site, were assessed using Cochran—Man-
tel-Haenszel (CMH) statistics, including odds ratios with
95% confidence intervals and p-values and a Breslow-Day
test for homogeneity of odds ratios between sites.

Impact of Child Demographic and Clinical Characterization
Data on Levels of Clinician Certainty

Demographic and clinical data were summarized by levels
of clinician certainty (“Certain” versus “Uncertain”), and
the odds of a certain diagnosis, irrespective of ASD or Non-
ASD, were calculated using mixed effects binary logistic
regression models. In these models, the demographic and
clinical variables were the fixed effects, and the random
effects were site-specific intercepts, accounting for random
variation in ECD certainty between sites (see Supplemen-
tary Materials for additional details). Due to bimodal and/
or non-normal distributions of ADOS-2 and Mullen verbal
and nonverbal age equivalents, as well as observed non-
linearity in the relationships between ADOS-2 and Mul-
len sub-scores and the probability of diagnostic certainty,
ADOS-2 and Mullen sub-scores were first assessed as abso-
lute differences from their respective means. As a secondary
analysis, continuous ADOS-2 and Mullen sub-scores were
analyzed as natural cubic splines within the mixed effects
logistic regression models, employing a truncated power
function basis for the spline expansion and knots estab-
lished at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles,
as recommended by Harrell (Harrell, 2015). Probabilities
of certainty results from these natural cubic splines models
helped inform thresholds for clinically “Mild”, “Moderate”,
and “Severe” score ranges. These score ranges were then
utilized as linear piecewise covariates within the mixed
effects binary logistic regression models. Results from all
logistic models are presented either as odds ratios with 95%
confidence intervals and p-values or estimated probabilities.
Predictors in the logistic regression models are considered
both individually (univariable) and together with all other
covariates (multivariable), i.e., we performed no variable
reduction. Model fits and validation were evaluated using
AICC and Chi-square/DF statistics. During the model-build-
ing and data visualization processes, Mullen scores were
found to be weaker predictors of diagnostic certainty than

ADOS-2; thus, only ADOS-2 was considered in secondary,
linear piecewise regression analyses.

Associations were calculated in the full sample using
mixed effects binary logistic regression, modeling the out-
come dichotomously as certain (81-100%) versus not certain
(0-80%), and accounting for random variation in diagnostic
certainty between sites.

Clinicians’ Stated Reasons for Their Uncertainty When
Making the ECD of ASD and of Non-ASD

We explored clinicians’ uncertainty and decision-making
by reviewing narratives offered as rationale for diagnostic
uncertainty. Initially, one expert clinician extracted discrete
reasons for uncertainty contained in the narratives, and then
two expert clinicians rated each case using these reasons
(whether a given case contained a given reason or not), while
documenting the number of cases that lacked any rationale
for the uncertainty rating. Our goal was to summarize the
most frequent reasons for diagnostic uncertainty mentioned
by clinicians, separately for ECDs of ASD and Non-ASD.
This descriptive summary was important because it cov-
ers domains of the evaluation that were not quantitative in
nature, but which were likely to influence clinician decision-
making, particularly developmental and family histories.

Results
Sample Characterization

Site contribution to the finalized sample was uneven,
with specific contributions being N=32 (6.4%), N =148
(29.8%), N=68 (13.7%), N=121 (24.4%), N=68 (13.7%),
and N=59 (11.9%), respectively, for Sites 1, 2, 3,4, 5 and
6, to a total of N =496 valid cases with outcome data. Of
the N=496 cases, N=16 had some missing data (race,
ethnicity or maternal education), but all N=496 cases
were kept in the analysis. Overall, the sample was 60.7%
Male, had a mean age of 24.2 months (SD 4.4; Median
25.0; Range 16-30 months), 7.7% Black (and 17.0%
with race other than White), 14.6% Hispanic/Latino,
and maternal education was higher than high school in
89.1% of participating families that provided these data.
There were broad distributions of verbal and nonverbal
age equivalents (AE) and ADOS-2 scores. Demographic
and Clinical data for the full sample, by Expert Clinician
Diagnosis (ECD) (ASD and Non-ASD), are provided in
Table 1. The total sample included 234 (47.2%) children
with ASD and 262 (52.8%) children with Non-ASD ECDs.
Of the N =262 children with Non-ASD, N=216 (82.4%)
had one or more Non-ASD developmental delay(s) (DD)
or condition(s) (most commonly speech-language and
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Table 1 Demographic and clinical characterization of the sample (N=496)

Full sample Expert clinician diagnosis (ECD) p values®
ASD—Non-
ASD Non-ASD ASD compari-
son
N 496 234 262
% Of full sample 47.2% 52.8%
Demographics
Sex: Male n/N (%) 301/496 (60.7%) 172/234 (73.5%) 129/262 (49.2%) <0.0001*
Child age (months)
Mean (SD) 242 (4.4) 25.0 (4.2) 234 (4.5) <0.0001*
Median 25.0 26.0 24.0
Range (Min-Max)® (16.0-30.0) (16.0-30.0) (16.0-30.0)
Race—n/N (%)
White 372/494 (75.3%) 160/233 (68.7%) 212/261 (81.2%) 0.0052*
Other categories 122/494 (24.7%) 73/233 (31.3%) 49/261 (18.8%)
Black 38/494 (7.7%) 22/233 (9.4%) 16/261 (6.1%)
Other 84/494 (17.0%) 51/233 (21.9%) 33/261 (12.6%)
Ethnicity: Hispanic/Latino—n/N (%) 72/493 (14.6%) 47/234 (20.1%) 25/259 (9.7%) 0.0011*
Maternal Education > high school—n/N (%) 434/487 (89.1%) 190/228 (83.3%) 244/259 (94.2%) <0.0001*
Clinical characteristics
Mullen Verbal Age Equivalent® Mean (SD) 18.9 (9.7) 12.7 (7.1) 24.6 (8.2) <0.0001*
Mullen Non-Verbal Age Equivalent® Mean (SD) 22.8 (8.5) 18.6 (5.9) 26.5 (8.7) <0.0001*
ADOS-2 Total Score Mean (SD) 11.3 (8.9) 19.4 (5.2) 4.1(3.5) <0.0001*
ADOS-2 SA Score Mean (SD) 8.4 (6.9) 14.5 (4.3) 2.9 (3.0 <0.0001*
ADOS-2 RRB Score Mean (SD) 2.9 (2.5) 4.9 (2.0) 1.2 (1.3) <0.0001*
ADOS-2 Form Performed
Toddler Module—n/N (%) 437/496 (88.1%) 227/234 (97.0%) 210/262 (80.2%) <0.0001*
Module 2—n/N (%) 59/496 (11.9%) 7/234 (3.0%) 52/262 (19.8%)
Presence of one or more (Non-ASD) DDs®- n/N (%) 345/496 (69.6%) 129/234 (55.1%) 216/262 (82.4%) <0.0001*
No ASD or DD diagnosis—n/N (%) 46/496 (9.2%) 0/234 46/262 (17.6%)

2p values correspond to y° or 7 tests. Significance established at p <0.05 or lower, denoted by *. Non-significant comparison denoted by “ns”

®Inclusion criteria for enrollment in trial included age range of 16 to 30 months

‘In months. Mullen Verbal Age Equivalents were calculated as the Average of Mullen Expressive Language Age Equivalent and the Mullen

Receptive Language Age Equivalent for each child

4In months. Mullen Nonverbal Age Equivalents corresponds to Mullen Visual Reception Age Equivalents

°Expert Clinician Diagnosis of one or more (Non-ASD) Developmental Delays (DDs) or conditions

global developmental delays), with N=46 (17.6%) hav-
ing no diagnosis (i.e., being unaffected). Of the N =234
children with ASD, N=129 (55.1%) also had one or more
DDs (most commonly speech-language and cognitive). In
ASD vs Non-ASD comparisons, the samples differed sig-
nificantly on every demographic variable: Sex Ratio (ASD
more males), Age (ASD slightly older), Race (ASD more
Non-White), Ethnicity (ASD more Hispanic/Latino), and
Maternal Education (ASD fewer families with maternal
education greater than high school). The samples also dif-
fered significantly on every clinical variable: as expected,
the samples differed on verbal and nonverbal abilities
(ASD more delayed) and on social disability scores (ASD
more elevated), and fewer children with ASD received the
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ADOS-2 Module 2 (rather than the ADOS-2 Toddler Mod-
ule) than Non-ASD children.

Overall Levels of Clinician Certainty in Their Expert
Clinician Diagnosis (ECD), and by ECDs of ASD
and Non-ASD

For the whole sample, clinicians made an ECD with cer-
tainty in 348 of 496 cases (70.2%), with a trend for higher
levels of certainty for ECD diagnosis of Non-ASD relative
to ASD, although this trend did not reach statistical signifi-
cance (“Certain” ECD for ASD of 67.1% and for Non-ASD
of 72.9%, )(2 (df)=1.991 (1), p=0.158; see below for a
more detailed analysis of this trend). In terms of the five
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levels of Uncertainty, most “Uncertain” cases fell in the
61-80% category (20.2% of all cases, and 67.6% of total
Uncertain cases), followed by the 41-60% category (6.7%
of all cases, and 22.3% of total Uncertain cases), with cat-
egories of <40% capturing only a minority of cases (3.0%
of all cases, and 10.1% of total Uncertain cases). This dis-
tribution applied similarly to both ECD diagnoses of ASD
and Non-ASD (i (df) =7.422 (4), p=0.115).

Differences in Certainty Between ECD Levels (ASD
and Non-ASD) Across the Six Participating Sites

Rates of “Certain” diagnoses for all cases by site ranged
from 56.3 to 88.2% (Mean 69.1%, SD 13.3%). The cross-
site variability of rates of Certain diagnoses applied to
both diagnoses of ASD (Mean 61.8%, SD 19.6%) and
Non-ASD (Mean 72.3%, SD 13.0%). For all but one site,
there was more certainty in the ECD of Non-ASD than
ASD. Table 2 provides the odds ratio, by site, of a Certain
diagnosis for ASD relative to Non-ASD. As can be seen,
odds ratios varied markedly by site, ranging from a low of
0.22 (i.e., the odds of a Certain diagnosis for ASD were
78% lower than the odds of a Certain diagnosis for Non-
ASD) to 1.83 (i.e., the odds of a Certain diagnosis for ASD
were 83% higher than the odds of a Certain diagnosis for
Non-ASD). While there was marked variability in levels
of ECD clinician certainty across the six sites, these differ-
ences did not reach statistical significance (Breslow-Day
test for homogeneity of odds ratios p=0.069). Across all
sites, the pooled Mantel-Haenszel odds ratio for certainty
in an ASD diagnosis relative to certainty in a Non-ASD
diagnosis was 0.86 (0.57, 1.28), indicating a trend of over-
all higher certainty in Non-ASD diagnoses. Nevertheless,
this trend is not statistically significant, and, for practical
clinical inference, it does not indicate impactful difference
in levels of clinician certainty between the ECDs of ASD
vs. Non-ASD.

While statistical testing of ECD clinician certainty
between sites did not reach statistical significance, our
analytic plan still robustly accounted for site-specific ran-
dom variation in ECD certainty (due to both unmeasured
and measured sources of variation), via incorporation
of site-specific random effects in all regression models
(Feaster et al., 2011). Possible sources of cross-site vari-
ability arising from measured and unmeasured site-specific
characteristics in this sample are discussed further in the
Supplementary Materials (See Supplementary Table S1
for demographic and clinical characterization of the sam-
ple by participating site). By incorporating random effects,
fixed effects regression associations are calculated using
as much information as possible.

Table2 Clinician certainty (categorical: certain or uncertain) in
expert clinician diagnosis (ECD) of ASD and non-ASD by site (X6)

N (row %) Not certain Certain ECD—cer- p values
tainty
OR (95% CI)*
Site 1 (N=32)
ECD—ASD 5(71.4%) 2 (28.6%) 0.23 (0.04, 0.215
1.41)
ECD—Non- 9 (36%) 16 (64%)  Reference
ASD
Site 2
(N=148)
ECD—ASD 13 (18.6%) 57 (81.4%) 1.83(0.85, 0.176
3.98)
ECD—Non- 23 (29.5%) 55(70.5%) Reference
ASD
Site 3 (N=68)
ECD—ASD 5(23.8%) 16 (76.2%) 0.22 (0.05, 0.098
1.02)
ECD—Non- 3(64%) 44 (93.6%) Reference
ASD
Site 4
N=121)
ECD—ASD 29 (41.4%) 41 (58.6%) 0.99 (0.48, 1.000
2.06)
ECD—Non- 21 (41.2%) 30 (58.8%) Reference
ASD
Site 5 (N=68)
ECD—ASD 8(26.7%) 22(73.3%) 0.62(0.20, 0.603
1.97)
ECD—Non- 7 (18.4%) 31 (81.6%) Reference
ASD
Site 6 (N=159)
ECD—ASD 17 (47.2%) 19 (52.8%) 0.60 (0.20, 0.501
1.75)
ECD—Non- 8 (34.8%) 15 (65.2%) Reference
ASD

“Breslow-Day test for homogeneity of odds ratios p=0.069, indicat-
ing a statistically insignificant difference in odds ratios between strata
(i.e., sites); Pooled Mantel-Haenszel OR (95% CI)=0.86 (0.57, 1.28)

The Impact of Demographic and Clinical
Characterization Data on Levels of Clinician
Certainty

Univariable and multivariable binary logistic regression
associations between demographic and clinical variables
with dichotomous ECD certainty [i.e., certain (81-100%)
versus not certain (0-80%)], irrespective of an ASD or Non-
ASD diagnosis, are presented in Table 3. Due to bimodal
and/or non-normal distributions of ADOS-2 and Mullen
sub-scores (see Fig. 1), as well as observed non-linearity
in the relationships between ADOS-2 and Mullen sub-
scores and the probability of diagnostic certainty, Social
Affect (SA) and Restricted and Repetitive Behavior (RRB),
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Fig.1 Density Plots for ADOS-2 subscores—Social Affect (SA)
and Restricted & Repetitive Behavior (RRB) and Mullen Verbal and
Nonverbal Age Equivalents—by Expert Clinician Diagnosis (ECD)

and Mullen Verbal Age Equivalents (VAE) and Nonverbal
Age Equivalents (NVAE), were first modeled as absolute
differences from their respective mean values. As univari-
able effects, participants classified as diagnostically Certain
had higher odds for a presence of Non-ASD developmental
delays (DDs) (OR 1.69, 95% CI 1.08, 2.63, p=0.021), had
absolute ADOS-2 sub-scores further from their respective
means (SA OR 1.42, 95% CI 1.31, 1.54, p<0.001; RRB
OR 1.58, 95% CI 1.33, 1.89, p<0.001), and Mullen sub-
scores further from their respective means (VAE OR 1.08,
95% CI11.03,1.12, p=0.001; NVAE OR 1.05,95% CI 1.01,
1.10, p=0.014). In other words, for every absolute one-unit
increase away from the mean value for SA and RRB, the
odds of ECD certainty increased by 42% and 58%, respec-
tively. Implications for the ADOS-2 sub-score results point
to higher diagnostic certainty when a child’s scores are par-
ticularly high (more likely ASD) or particularly low (less
likely ASD). While Mullen scores were significant in univar-
iable analyses, their association with clinician certainty was
much weaker: for every absolute one-month increase away
from the mean value for VAE and NVAE, the odds of ECD
certainty increased by 8% and 5% only, respectively. These
trends were further clarified on multivariable analyses.
In a model excluding the ADOS-2, only the Mullen VAE

002«

0.00=
' ' ' ' '
10 20 30 40 0

Mullen Nonverbal Age Equivalent

Certain vs Uncertain Cases” (Density of 1.0=100% of the sample).
Curves represent the number of Certain and of Uncertain Cases (in
percentage) with given ADOS-2 and Mullen scores

remained statistically significant predictors of outcome, with
absolute values further from the mean indicating higher odds
of diagnostic certainty; in contrast, a model excluding the
Mullen, both the ADOS-2 SA and RRB remained statisti-
cally significant predictors of diagnostic certainty. Finally,
when both ADOS-2 and Mullen were entered into the model,
only ADOS-2 SA and RRB remained statistically significant,
with the stronger effect of the ADOS-2 seemingly nullifying
Mullen sub-scores associations with ECD certainty (when
treated as absolute differences from their respective means).
In summary, the Mullen VAE played a minor role in predict-
ing clinician certainty in comparison to much stronger role
of both the ADOS-2 SA and RRB scores.

Secondary analysis employed natural cubic splines to
model the non-linear relationships between ADOS-2 and
Mullen sub-scores and the probability of diagnostic certainty
(see Fig. 2). For increasing values of ADOS-2 SA, estimated
probabilities of certainty follow a roughly parabolic pattern,
with highest certainty of diagnosis (> 81%) occurring when
SA scores are between 0-2 and 16-21. Estimated probabili-
ties of diagnostic certainty fall (<70%) when SA scores are
between 4 and 13. For increasing values of RRB, estimated
probabilities of diagnostic certainty are highest when RRB
is either O or between 7 and 8; and similarly, estimated
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Fig. 2 Natural cubic splines model estimates for the probabilities of diagnostic certainty over increasing values of ADOS-2—Social Affect (SA)
and Restricted & Repetitive Behavior (RRB)— and Mullen sub-scores—Verbal (VAE) and Nonverbal (NVAE) Age Equivalents

probabilities of diagnostic certainty fall (< 70%) when RRB
scores are between 2 and 5. For the Mullen, only the VAE
sub-score had a statistically significant spline (p =0.003),
whereas the NVAE sub-score was not statistically significant
(p=0.100). For increasing values of Mullen VAE, estimated
probability of certainty follow a roughly parabolic pattern,
with highest certainty of diagnosis (> 81%) occurring when
VAE are <5 months or > 35 months; estimated probabilities
of diagnostic certainty fall (< 70%) when VAE scores are
between 12 and 30 months. This broad range corresponds to
approximately 2.2 SDs of the Mullen VAE scores obtained
in this sample, or about 72% of children whose chronologi-
cal age range was 16-30 months. Therefore, consistent with
previous analyses, the ADOS-2 sub-scores were more clini-
cally meaningful as predictors of diagnostic certainty than

@ Springer

the Mullen VAE, whereas the Mullen NVAE was much less
helpful.

Informed by these natural cubic splines models, as well
as by clinically meaningful interpretations of the ADOS-2
sub-scores characteristic of this sample, clinically “Mild”,
“Moderate”, and “Severe” ranges of SA and RRB sub-scores
were specified and resulting univariable and multivariable
linear piecewise regression associations are presented in
Supplementary Table S2. Univariable associations for SA
found that for every one-unit increase in the Clinically Mild
range (scores 0-7), the odds of certainty decrease by 14%
(OR 0.86, 95% CI1 0.80, 0.93, p <0.001); Clinically Moder-
ate scores (8—13) did not associate with significant change
in the odds of diagnostic certainty, but the Clinically Severe
score range (14-21) showed the odds of diagnostic certainty
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increase by 79% (OR 1.79, 95% CI 1.39, 2.30, p <0.001)
for every one-unit increase in SA. Similar significance was
found for RRB, with odds ratios in the Clinically Mild (0-1)
and Severe ranges (5-8) demonstrating increasing odds of
diagnostic certainty, respectively. These linear piecewise
regression results mirror those from the absolute mean dif-
ference analysis and the natural cubic splines models, show-
ing highest diagnostic certainties in the tails of the ADOS-2
sub-score distributions and lowest diagnostic certainties in
the mid-range values. On multivariable analysis, SA retained
significance for Clinically Mild and Severe scores; whereas
the effect of RRB was attenuated, only showing marginal
statistical significance for scores in the Clinically Severe
range (OR 1.79, 95% C1 0.92, 3.51, p=0.087).

Clinicians’ Stated Reasons for Their Uncertainty
When Making the ECD of ASD and of Non-ASD

Of children receiving a diagnosis of ASD, one or more
rationales for diagnostic uncertainty were provided for
78.7% of cases. Of these, the following were reasons cited
in more than 10% of cases, ordered by frequency: “Mild
symptom presentation and inconsistent use of skills (40.0%);
“Parent had no ASD concerns”, “Medical complexity (e.g.,
prematurity, in utero drug exposure, feeding/sleeping chal-
lenges)”, and “Cognitive/global developmental delay” (each
cited in 13.3% of cases). Additionally, only “Presence of
language delay” and “Too young to be certain of diagno-
sis” were closer to the threshold of 10% (each, 9.3% of
cases). Of children receiving a diagnosis of Non-ASD, one
or more rationales for diagnostic uncertainty were provided
for 82.2% of cases. Of these, the following were reasons
cited in more than 10% of cases, ordered by frequency:
“Restrictive and Repetitive Behaviors (RRBs) present but
alongside strengths in social and communicative behavior”
(37.3%); “Mild autism-related symptoms that do not quite
meet threshold for ASD diagnosis” (32.9%); “Language
delay” (28.8%); and “Family history of ASD, or presentation
consistent with broader autism phenotype (BAP)” (23.3%).
Additionally, only “Medical complexity (e.g., prematurity,
in utero drug exposure, feeding/sleeping challenges)” was
close to the threshold of 10% (9.6% of cases).

These results are consistent with previous analyses.
Across ECDs of ASD and Non-ASD, the most commonly
cited reason for diagnostic uncertainty is “mild symptoma-
tology”, i.e., the presence of ASD symptoms that cluster
around the perceived threshold for a diagnosis of ASD vs
Non-ASD (when Non-ASD cases have other diagnoses).
Specific to the diagnosis of Non-ASD, the most commonly
cited reason for diagnostic uncertainty is the presence of
RRB symptomatology alongside strengths in social-commu-
nicative behavior. Other common complicating factors in the
diagnosis of Non-ASD were the presence of language delay

and BAP presentation. Interestingly, the young age of the
child (16-30 months) was uncommonly cited by clinicians
for their diagnostic uncertainty in ECDs of ASD, and not at
all in in ECDs of Non-ASD. A comprehensive description of
reasons for clinician uncertainty for ECDs of ASD and Non-
ASD, separately, and the percentage of clinicians endorsing
them are provided in Table 4.

Discussion

In secondary analyses of a large, multi-site clinical trial
involving best-practices diagnostic and developmental
assessments of 16-30-month-old children referred to spe-
cialized ASD centers, 29.8% of cases received an ASD or
Non-ASD diagnosis with variable levels of clinician uncer-
tainty. This result replicates the finding of the only other
ASD study of clinician certainty (McDonnell et al., 2019),
also a multi-site study conducted in specialized ASD cent-
ers. Because both studies included only experienced clini-
cians, who were monitored for standardized and reliable
execution of reference standard diagnostic and develop-
mental instruments, it is very likely that clinician certainty
is lower still in community-based, less-specialized centers
with less expertise in ASD diagnosis. Given the importance
of early ASD diagnosis to access appropriate early treatment
services, and given the absence of a psychometrically and
clinically validated tool to document and measure clinician
decision-making in this context, there is an urgent need for
much more detailed, standardized and quantitative protocols
than those used in these two studies to elicit more compre-
hensive data on clinician certainty. Such a tool should likely
deploy a rating system reflecting explicit clinical criteria and
scenarios that mirror the everyday experiences of clinicians
conducting diagnostic evaluations of young children sus-
pected to have ASD. In turn, these criteria will likely evolve
from qualitative research eliciting challenges in the diagnos-
tic process and in diagnostic decision-making, for which the
findings of the current study provide a starting point. The
need for such a tool was made all the more obvious by this
study’s finding that there was marked variability in levels of
clinician certainty across the six participating sites, despite
steps taken to reduce uncertainty, which included a planning
phase to achieve uniformity of clinical procedures and reli-
ability on administration and scoring of standardized tools
across all sites, as well as periodic monitoring to prevent
procedural or reliability drift.

Unsurprisingly, the most potent predictor of clinician
uncertainty was mid-level autism-related symptomatology as
measured by the ADOS-2, falling around the thresholds for
the differential diagnosis of ASD vs Non-ASD. This effect
was measured precisely: for every absolute one-unit increase
away from the sample mean value of the ADOS-2 Social
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Table 4 Clinicians’ stated reasons for their uncertainty when making the expert clinician diagnosis (ECD) of ASD and Non-ASD

Rank order Clinicians’ stated reasons for diagnostic uncertainty Percentage
of cases (%)

ECD of ASD
1 Mild symptom presentation/inconsistent use of skills 40.0
2 Parent had no ASD concerns 133
2 Medical complexity (e.g., prematurity, drug exposure in utero, feeding/sleeping challenges) 13.3
2 Cognitive/global developmental delay 13.3
5 Language delay 9.3
5 Too young to be certain of diagnosis 9.3
7 Family history of ASD or other mental health concerns 6.7
8 Lack of language delay 4.0
9 Bilingual 2.7
10 Slow to warm up/anxious 1.3

Clinician did not indicate reason for uncertainty 21.3

ECD of Non-ASD

1 Restricted and Repetitive Behaviors (RRBs) present but child shows social and communicative 37.3
strengths
2 Mild autism-related symptoms that do not quite reach threshold for ASD diagnosis 32.9
3 Language delay 28.8
4 Family history of ASD, or presentation consistent with broader autism phenotype (BAP) 23.3
5 Medical complexity (e.g., prematurity, drug exposure in utero, feeding/sleeping challenges) 9.6
6 Cognitive/global developmental delay 8.2
7 Slow to warm up/anxious 6.8
8 Emotional dysregulation (e.g., tantrums, unwillingness to participate, high activity level) 55
9 Parent had ASD concerns 2.7
10 Too young to be certain of diagnosis 0.0
Clinician did not indicate reason for uncertainty 17.8

Affect (SA) and Restricted and Repetitive Behavior (RRB)
scores, the odds of a certain diagnosis of ASD or Non-ASD
increased by 42% and 58%, respectively. Mid-level verbal
age equivalents measured by the Mullen were also predic-
tors of clinician uncertainty, albeit much less strongly than
the ADOS-2 scores. These quantitative results were consist-
ent with clinicians’ stated reasons for uncertainty: for the
diagnosis of ASD, “mild” ASD symptomatology was the
most common reason cited (40% of uncertain ASD cases),
followed by much less common reasons (~13%) such as
global developmental delay, medical complexities or lack
of parental concern; for the diagnosis of Non-ASD devel-
opmental conditions, “Mild” ASD symptomatology (~33%
of uncertain Non-ASD cases), and specifically, the presence
of restricted and repetitive behaviors (RRBs) in the pres-
ence of social-communicative strengths (~37%) were the
most common reasons for clinician uncertainty, followed
by language delays (~29%) and ASD-related family history
(or presentation consistent with broader autism phenotype)
(~23%). Collectively, this emerging clinical profile of chil-
dren at risk of encountering clinician uncertainty should be
highlighted in clinical practice for special attention as these

@ Springer

children are at higher risk of misdiagnosis or the “wait and
see” approach, possibly delaying both eligibility and access
to early intervention services (Smith-Young et al., 2020). In
research, diagnostic uncertainty is likely to be associated
with higher heterogeneity and diagnostic “noise” (Thomas
et al., 2021). Of importance, none of the sociodemographic
variables, including age, sex, race, ethnicity or maternal edu-
cation were found to be significant predictors of clinician
uncertainty, in either the quantitative analyses or in clini-
cians’ stated reasons for their diagnostic uncertainty. Impor-
tantly, however, there was a (a non-significant) trend for the
sex variable to be associated with clinician uncertainty,
although it went in the opposite direction than suggested by
the literature (McDonnell et al., 2021), with a higher per-
centage of boys rather than girls falling among the cases
deemed by clinicians as uncertain. Given the importance of
sociodemographic variables for actionable steps that could
be taken to improve equitable access to early diagnosis, and
given that we were not able to replicate some of the sociode-
mographic findings in the McDonnell and colleagues’ study
(McDonnell et al., 2019), additional research is warranted.
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Specific to the association between Mid-level ADOS-2
scores and clinician uncertainty, our results provide an
opportunity to constrain and calibrate diagnostic decision-
making based on greater understanding of the eventual diag-
nostic outcomes of children with this profile. Diagnostic
thresholds of the ADOS-2 modules for young children were
developed by maximizing sensitivity and specificity rela-
tive to concurrent expert clinician diagnosis (ECD), a “gold
standard” which, however, includes diagnostic uncertainty
for a sizable portion of these children. These thresholds
might require adjustments that could come from follow-
up data on uncertain cases to probe rate of conversion of
false positives to true positives and false negatives to true
negatives, as well as cost-benefit, to the family and to soci-
ety, of a child being a false positive or false negative (for
example, a false negative diagnosis is likely to correspond
to the costliest scenario to both family and society, since
the child would be denied needed services with potential
lifetime consequences) (see below). The need for longitudi-
nal data goes beyond data on diagnostic stability; it should
also include documentation of families’ “diagnostic odys-
sey” or protracted diagnostic pathways, including attainment
of eligibility for and access to adequate services, as this is
ultimately the most important goal of the diagnostic process.
Such a research line might provide the data necessary for
re-calibration of thresholds for early ASD diagnosis and for
the establishment of a standard, rule-governed framework of
directives for clinician decision-making using standardized
diagnostic instruments such as the ADOS-2.

To contextualize this discussion, it is important to high-
light the fact that, from a population perspective, there is
a large and unacceptable number of ASD false negatives,
as indicated by lower prevalence rates of ASD in younger
rather than older children, and a late median age of diagnosis
in the US, still hovering over 4 years of age (Maenner et al.,
2021; Shaw et al., 2021). Adding to the population high
rates of false negatives is the low sensitivity exhibited by
widespread population ASD screeners (Guthrie et al., 2019),
which typically act as gatekeepers for further assessment.
All of these challenges are further exacerbated for minor-
ity and traditionally under-served populations (Constantino
et al., 2020). Therefore, given the importance of early treat-
ment to optimize outcomes, the cost to family and society of
false negatives is high. False positives also carry costs in the
form of alarm and investments associated with an ASD mis-
diagnosis. Nevertheless, false positive cases within the age
range included in this study would likely be children with
one or more actionable developmental delays, who would
also benefit from the kinds of early treatment intended for
young children with ASD, which, typically, focus on social-
communication skill acquisition via cost-efficient caregiver-
mediated interventions (Klin et al., 2020). Therefore, the
cost of false positives may be mitigated by the fact that such

children are likely to benefit from identification, particularly
in the current system of early intervention services which
typically requires a diagnosis to access adequate levels of
treatment. Collectively, these considerations suggest the
need to consider and research the cost—benefit implications,
to child and family, of diagnostic decision-making in situ-
ations of clinician uncertainty. More empirical knowledge
to inform this process might be an important element in any
attempt to optimize the diagnostic process for young chil-
dren with ASD.

Limitations

This study has several limitations. First, there was less
diversity in race, ethnicity, and SES in our sample than in
McConnell and colleagues’ study, a factor that may have
impeded our ability to replicate their sociodemographic find-
ings pointing to factors such as race/ethnicity and SES as
predictors of clinician uncertainty. Second, as noted, there is
a need for a much more detailed, standardized, quantitative
and qualitative protocol to elicit data on clinician certainty,
with a rating system that reflects explicit clinical criteria and
scenarios that mirror the everyday experiences of clinicians
conducting ASD-related diagnostic evaluations of young
children. Third, there is a need for systematic data collection
on clinician variables such as level of training, professional
discipline, experience (e.g., number of clinical assessments
completed) and attitudes relevant to decision-making (e.g.,
hesitation to make an ASD diagnosis in less obvious cases or
in very young children). And finally, as noted, this research
line needs to be informed by longitudinal data on the evolv-
ing diagnostic status of children at later ages as well as by
data on their families’ “diagnostic odyssey”, documenting
and measuring eligibility for and attainment of early inter-
vention services.

Conclusions

Differential diagnosis of ASD in young children is challeng-
ing, and uncertainty regarding a child’s diagnosis may result
in under-identification or prolonged diagnostic pathways. In
the current multi-site study, and in the only other study prob-
ing clinician certainty in the diagnosis of ASD (McDonnell
et al., 2019), both involving large cohorts of young children
adequately representing referrals to specialized ASD centers,
suboptimal diagnostic certainty was documented for 30-40%
of cases. These results warrant future research addressing
areas of limitation in both studies, including the deployment
of especially designed and validated tools and procedures
for the study of clinician certainty. Unsurprisingly, clinician
uncertainty was more likely to involve cases with mid-range
levels of ASD symptoms (for both ASD and Non-ASD diag-
noses), and with language delays and ASD-related family
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history (in the case of Non-ASD developmental diagnoses).
Also, given the implications of these results for clinical prac-
tice, public health and research, future studies should include
less-specialized community settings, and should map, codify
and quantify clinician decision-making with a view to ulti-
mately optimize the diagnostic process of young children
and meet the needs of their families.

In essence, the diagnostic process in very young children
has primarily two goals: to operationalize a child’s needs at
present for access to immediate early treatment; and to pre-
dict a child’s future diagnostic and developmental outcomes.
Both goals depend on the differential diagnosis of ASD. For
a sizable proportion of cases seen in clinics, this process
can be fraught with uncertainty, which seems to be primar-
ily due to “noise” (intuitive judgments that may be applied
inconsistently), a factor that is difficult to avoid in subjec-
tive decision-making in all areas of clinical medicine, but
particularly in developmental and behavioral health. Several
decades of social and clinical science research of clinical
decision-making have shown that in such situations, rules,
including standardized, algorithmic decision-making, con-
sistently outperform subjective decision-making (Kahneman
et al., 2021). With the advent of longitudinal follow-up data,
of both stability of diagnosis and of families’ “diagnostic
odyssey”, diagnostic thresholds in standardized diagnostic
instruments can be re-calibrated and algorithmic directives
mapping on specific clinical scenarios can be created to opti-
mize the diagnostic process for young children and their
families.
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