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Early Observation of Red Flags
in 12-Month-Old Infant Siblings
Later Diagnosed With Autism
Spectrum Disorder
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Purpose: Valid and reliable screening tools are needed to
improve early detection and optimize developmental outcomes
for toddlers at risk for autism spectrum disorder (ASD). The
current study aimed to evaluate the utility of the Systematic
Observation of Red Flags (SORF) for ASD at 12 months of age
in a sample of high-risk infant siblings of children with ASD.
Method: As part of a prospective, longitudinal study, we
examined the sensitivity and specificity of the SORF at
12 months for predicting a diagnosis of ASD at 24 months in a
sample of 122 infants, 31 of whom were diagnosed with ASD.
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Results: The optimal SORF Composite cutoff score of 18
correctly identified 24 of the 31 twelve-month-olds who were
diagnosed with ASD, yielding a sensitivity of .77 and a
specificity of .76. The optimal SORF Red Flags cutoff score
of 7 correctly identified 20 of the 31 infants, yielding a
sensitivity of .65 and a specificity of .75.

Conclusion: This preliminary study demonstrates the
potential of the SORF as an effective observational screening
measure for 12-month-olds at risk for ASD with good
discrimination, sensitivity, and specificity.

‘ x ’ ith a prevalence of one in 54 (Maenner et al.,
2020) and estimated heritability between 50%

and 87% (Bai et al., 2019; Sandin et al., 2017),

autism spectrum disorder (ASD) is one of the most preva-

lent and heritable developmental disabilities affecting early
childhood. Compared to the general population, younger

siblings of children with ASD have a 12-fold increased risk
for developing ASD and increased risk rates for related

developmental delays, particularly within the domains of
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social communication and language (Constantino et al.,
2006; Ingersoll & Wainer, 2014; Micheletti et al., 2019;
Ozonoff et al., 2011).

Prospective studies of younger siblings of children with
ASD and children ascertained through general population
screening continue to demonstrate that core ASD symptoms
(i.e., social interaction deficits, restricted and repetitive be-
haviors) may be detected as early as 12—-14 months old
(Bryson et al., 2008; Miller et al., 2017; Pierce et al., 2019;
Watson et al., 2013). Delays in verbal and nonverbal com-
munication development may be evident as early as 12—
24 months old (Chawarska et al., 2014; Rowberry et al.,
2015; Yoder et al., 2009; Zwaigenbaum et al., 2005). Atyp-
ical sensory and motor features as well as restricted and
repetitive behaviors, such as visual inspection of and re-
petitive behavior with objects, have been documented
in infants between 6 and 12 months old (Zwaigenbaum
et al., 2013). These findings suggest that, for at least a sub-
set of high-risk (HR) infants, core features of ASD may
be detected by the first birthday; thus, an opportunity exists
to screen for the early signs of ASD in infants as young
as 12 months old.

Disclosure: Amy M. Wetherby is a coauthor of the Communication and Symbolic
Behavior Scales and receives royalties for this assessment. All other authors have
declared that no competing interests existed at the time of publication.
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Observational measures administered by trained cli-
nicians may provide certain advantages over parent report
tools for identifying overt and subtle risk factors for ASD
at younger ages, including joint attention, gaze shifts, and
repetitive vocalizations (Bryson et al., 2008; Stone et al.,
2008). At present, however, there are limited interactive ob-
servational screening tools for children at HR for ASD with
adequate psychometric properties (Bryson & Zwaigenbaum,
2014; Zwaigenbaum et al., 2015). Furthermore, very few
exist for differentiating ASD from typical development in
infants prior to the second birthday (Barton et al., 2012).
To fill a gap in existing early detection measures, Wetherby
et al. (2004, 2016) developed the Systematic Observation of
Red Flags (SORF) for ASD, an observational tool designed
to detect and quantify ASD symptoms in young children
with the goal of identifying children who should be referred
for a comprehensive diagnostic evaluation. Although the
SORF was developed for use with young children at risk
for ASD and other developmental delays, it has not yet been
studied in an infant sample.

The current study aimed to evaluate the utility of the
SORF at 12 months in a population of HR infant siblings
of children with ASD and a low-risk (LR) comparison group.
As part of a larger prospective, longitudinal study of infant
siblings of children with ASD, we examined the sensitivity
and specificity of the SORF at 12 months for predicting a
diagnosis of ASD at 24 months and evaluated the associa-
tion between 12-month SORF scores and 24-month pheno-
typic outcomes with regard to developmental level, social
communication, and autism symptoms. By screening for early
signs of ASD in HR infants, we may “push the needle” to-
ward earlier identification, lowering the age of detection and
onset of treatment in this group.

Method
Participants

Participants in this study were enrolled in a longitudinal,
prospective study examining developmental trajectories of
infant siblings (National Institute of Mental Health Autism
Centers of Excellence study, Principal Investigator: A. Klin).
Study procedures were approved by the Emory University
Institutional Review Board, and parents gave written, in-
formed consent prior to their participation. Participants
were either HR or LR for ASD. HR infants had an older
full-biological sibling with ASD, confirmed through clinical
review of a diagnostic evaluation report signed by a licensed
clinical or school psychologist or medical provider; had
scores within the ASD range on the Social Responsiveness
Scale-Second Edition (Constantino, 2013); and met the cut-
off on the Social Communication Questionnaire (Rutter
et al., 2003). LR participants had no familial history of
ASD in first- or second-degree relatives. Exclusion criteria
for both HR and LR infants included gestational age below
35 weeks, significant hearing and/or visual impairment, a
nonfebrile seizure disorder, a known genetic syndrome, and
significant pre- or perinatal complications.
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All participants who were enrolled in the larger lon-
gitudinal study and had completed a communication and
developmental assessment at 12 months and a comprehen-
sive diagnostic evaluation at 24 months (N = 156) were
further evaluated for diagnostic inclusion criteria. Only par-
ticipants who were diagnosed with ASD (n = 31) or deter-
mined to be typically developing (TD; n = 91) were included
in this study. Participants were excluded if they exhibited
subclinical features of ASD (n = 18), non-ASD developmen-
tal delay (n = 14), or significant clinical features consistent
with anxiety (n = 2; see Table 1).

Measures

Communication and Symbolic Behavior Scales—
Developmental Profile

The Communication and Symbolic Behavior Scales
(CSBS)-Developmental Profile Behavior Sample (Wetherby
& Prizant, 2002) was administered by licensed speech-language
pathologists (SLPs) with expertise in infant development
and ASD at 12 and 24 months. The CSBS is a standardized,
norm-referenced instrument designed to measure early com-
munication development. The CSBS takes approximately
20-30 min to administer and consists of object temptation
activities and a symbolic play probe. The measure is de-
signed to create interactive opportunities for toddlers to di-
rect communication to the examiner and caregiver, thereby
yielding a sample of child communicative behavior within
a semistructured setting. Interrater reliability of the SLPs’
coding was established with the completion of 25 CSBS train-
ing videos. Generalizability (g) coefficients or intraclass
correlations measure the source and magnitude of variance
accounted for by the subjects and the raters and were used
to calculate interrater reliability, as used in similar research
(McCathren et al., 2000; McWilliam & Ware, 1994; Morgan
et al., 2020; Wetherby & Prizant, 2002). Compared to expert
raters, SLPs’ independent rating of the 25 training videos
demonstrated g coefficients above 0.90 on the Social, Speech,
and Symbolic composites and the total score, which are in
the excellent range. The CSBS is often utilized for infants and
toddlers with suspected language or social communication de-
lays in clinic settings, allowing for the SORF (described be-
low) to be coded without requiring an additional evaluation.

SORF

The SORF (Wetherby et al., 2016) is a 22-item ob-
servational measure designed to detect 22 specific early in-
dicators for ASD in toddlers based on current diagnostic
criteria (Diagnostic and Statistical Manual of Mental
Disorders [5th ed.; DSM-5; American Psychiatric Associ-
ation, 2013]). Eleven items from each diagnostic domain
—Impairment in Social Communication and Social Inter-
action (SC) and Restricted and Repetitive Behaviors (RRB)
—are included. Items are organized by symptom subdomains,
for example, with deficits in social-emotional reciprocity
encompassing SORF items associated with sharing smiles,
facial expressions, sharing interests, and response to name
(see Appendix for a list of the SORF 22 red flag items).
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Table 1. Participant demographics.

Variable ASD (n = 31)>P TD (n = 91)>° Statistic Effect size®
Sex x°(1) = 3.3 0.33
Male 4 (77%) 54 (59%)
Female 7 (23%) 37 (41%)
Race/ethnicity® x3(1) = 5.7 0.44
White 22 (71%) 81 (89%)
Black/African American 7 (23%) 4 (4%)
Asian 0 (0%) 1(1%)
More than one race 2 (7%) 5 (5%)
Maternal education’ ¥2@2) = 17.2%* 0.81
Less than college 6 (20%) (2%)
College graduate 16 (53%) 34 (37%)
Postcollege 8 (27%) 55 (60%)
Mullen Scales of Early Learning
Expressive Language 38.29 (12.78) 57.84 (11.26) t(120) = -8.06** 1.69
Receptive Language 36.55 (15.32) 58.21 (6.35) t(120) = —=11.05*** 2.32
Fine Motor 46.68 (10.07) 55.32 (9.05) t(120) = —4.46™** 0.94
Visual Reception 49.03 (13.04) 61.20 (10.43) t(120) = -5.25"* 1.10
ADOS calibrated severity score
Social Affect 4.27 (0.91) 1.92 (1.09) Z =721 2.27
Restricted/Repetitive Behavior 7.52 (1.72) 3.95 (2.33) Z =6.92"* 1.65
Total 6.70 (2.38) 1.65 (1.03) Z =8.25"* 3.47

Note. ASD = autism spectrum disorder; TD = typically developing; ADOS = Autism Diagnostic Observation Schedule.

3Diagnosis determined using clinical best estimate diagnosis at 24 months. Includes n = 28 high-risk (HR) infants and n = 3 low-risk (LR) infants.
CIncludes n = 17 HR infants and n = 74 LR infants. “Cohen’s d. *Minority groups (Black/African American, Asian, and more than one race)
combined for between-group comparisons. ‘One participant in the ASD group did not report matermnal education.

*0 < .05. **p < .001.

While watching the CSBS via video review, the SORF can
be scored by rating each SORF item based upon social com-
munication and behavior observed in each of six CSBS activ-
ities. For example, the SLP collects data on a worksheet to
code the frequency and variety of facial expressions, noting
and/or tallying behaviors such as shared smiles used during
the CSBS or occurrence of hand/finger posturing. For each
item, a 4-point (0-3) rating system is applied, in which a
zero indicates either the presence of typical behavior (e.g.,
frequent shared smiles) or the absence of atypical behavior
(e.g., no clear repetitive behaviors). Some items capture an
absence or limited frequency of typical behavior (e.g., vocaliza-
tions with consonants), whereas others measure the presence
of an unusual or atypical behavior (e.g., repetitive move-
ments with objects). For example, for Item 1, Limited sharing
warm, joyful expressions, a rating of 0 indicates joyful smiles
with directed gaze were shared during at least four activities,
whereas a rating of 1 indicates joyful smiles occurred during
three activities, 2 indicates joyful smiles occurred in one or
two activities, and 3 indicates no clear and joyful smiles shared.
The SORF allows for calculation of SC and RRB Domain
scores, which are the sums of item scores in each diagnostic
domain, and a Total Composite score. Higher domain and
Total Composite scores indicate more early indicators and a
greater level of ASD concern. Additionally, SORF codes
that indicate clear symptom presence, based on an item-level
code of 2 or 3, are collapsed to yield a count of the total
number of red flags, which is informative for describing and
quantifying clinically significant behaviors observed. Dow

et al. (2017) validated the SORF in a large community-based

sample of toddlers (N = 247) aged 16-24 months who re-
ceived early communication assessments. Results suggested
that the SORF has good discrimination, sensitivity, and
specificity for early identification of ASD as young as
16 months of age. They found 17 of the 22 SORF items
to have medium-to-large effect sizes and area under the
curve (AUC) values of at least .60 when differentiating ASD
from non-ASD. Subsequently, an algorithm was developed
to include only those items to compute the Total Composite
and SC and RRB Domain scores, while all 22 items were
utilized to derive the number of red flags. Building on these
results, the current study followed the same scoring algorithm.
In the current study, at the conclusion of the assessment,
the SLP who administered the CSBS immediately scored and
coded both the CSBS and the SORF via video recording of
the CSBS to rate the presence of red flag items across the SC
and RRB Domains. All SLPs were trained by an author of
the CSBS and SORF (A. M. Wetherby) and trained, reliable
coders at the Florida State University (FSU) FIRST WORDS
Project. Training in administration and scoring was done via
weekly videoconference meetings and within the first year of
the study and via ongoing consultation with trained coders
at the FSU FIRST WORDS Project as needed. Additionally,
SLPs were previously trained on the CSBS and Autism
Diagnostic Observation Schedule (ADOS), as well as the
core diagnostic features of ASD and early detection, includ-
ing through the Autism Navigator About Autism in Toddlers
and ASD Video Glossary, which are web-based tools on the
early signs of ASD with video illustrations of toddlers with
ASD. SLPs first rated 22 CSBS training videos on children
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16-24 months of age to establish interrater agreement at
85% or higher on 10 consecutive videos. This study was the
first to code the SORF on children 12 months of age; there-
fore, for this study, consensus coding of 12-month-old
videos was used after independent rating of the SORF by
the evaluating SLP and an independent, research-reliable
SLP at the FSU FIRST WORDS Project to allow discussion
of ratings at this young age. Independent SLPs at FSU were
blind to risk status of all participants during this subsequent
CSBS video observation and SORF scoring process, allow-
ing for blind rating of 12-month SORFs.

Mullen Scales of Early Learning

The Mullen Scales of Early Learning (or Mullen;
Mullen, 1995) was administered at 12 and 24 months. The
Mullen is considered a gold standard measure of early non-
verbal cognitive, motor, and language development and is
normed from birth through 68 months old. It provides
T scores and age equivalencies for five domains based on
child performance relative to the norming sample: Gross
Motor, Visual Receptive, Fine Motor, Receptive Language,
and Expressive Language. T scores have a mean of 50
and an SD of 10. Corrected age was used to calculate 7" scores
for infants born younger than 37 weeks of gestation.

ADOS-Second Edition

The ADOS-Second Edition is a semistructured, stan-
dardized assessment of communication, social interaction,
and restricted and repetitive behaviors designed for identifi-
cation of behaviors consistent with ASD. The ADOS-Toddler
Module was designed specifically for children 12-30 months
old with limited language and was administered at the
24-month diagnostic evaluation. The calibrated severity
score was calculated in an effort to reduce the effect of
verbal language abilities when capturing a metric of ASD
symptom severity at this young age (Esler et al., 2015).

Vineland IT

The Vineland Adaptive Behavior Scales—Survey Inter-
view Form (Sparrow et al., 2005) was administered to par-
ents at the 12- and 24-month evaluations. The Socialization,
Communication, Daily Living Skills, and Motor domains,
as well as the overall Adaptive Behavior composite score,
are included in analyses.

Clinical Best Estimate Diagnosis

At the 24-month visit, a clinical best estimate (CBE)
diagnosis was determined by the diagnostic team (clinical
psychologist and SLP) based on the results of the gold stan-
dard ASD diagnostic evaluation described above and ac-
cording to DSM-5 criteria. Based on the 24-month CBE,
children classified as having ASD and as TD were included
in this sample. A judgment of being TD was made if the
child did not show early signs for ASD during evaluation
and if all scores from the Mullen were in the average range.
Clinical psychologists who administered the 24-month diag-
nostic battery and made the CBE were blind to participant
risk status at the outcome assessment; however, SLPs who

4 American Journal of Speech-Language Pathology  1-10

administered the CSBS and rated the SORF could not be
blinded as they needed to facilitate clinical care across lon-
gitudinal visits.

Statistical Analyses

Descriptive statistics were calculated for all variables
of interest and included means and standard deviations or
counts and percentages, as appropriate. Chi-square tests
of independence for categorical variables and independent
two-sample ¢ tests for continuous variables were utilized
to determine if there were significant differences between
participants with ASD and TD participants on demographic
and outcome variables. Multivariable regression models
were used to determine if SORF scores at 12 months dif-
fered between participants with ASD and TD participants
while adjusting for maternal education. Results are pre-
sented as model-based means with associated 95% confidence
intervals adjusted for the covariates in the model. Associa-
tions between 12-month SORF scores and 12- and 24-month
developmental scores were evaluated using Pearson correla-
tions for normally distributed variables or Spearman correla-
tions for nonnormally distributed variables. To determine
the diagnostic utility of the 12-month SORF scores, sensitiv-
ity (true-positive rate), specificity (true-negative rate), and
the AUC were estimated for all SORF domain and total
scores as well as domain and total red flags, and 95% con-
fidence intervals are provided for each metric. AUC is a
common metric of classification to determine how well a
model distinguishes between classes, for example, ASD ver-
sus TD. An AUC of about .5 indicates no discrimination
capacity, and 1 indicates perfect discriminability. Optimal
cutoff scores were selected by prioritizing sensitivity while
maintaining an adequate level of specificity. False discovery
rate-adjusted p values were used to account for multiple
comparisons, when applicable. Effect sizes were calculated
to aid in clinical interpretation and are presented as stan-
dardized differences using Cohen’s d as the common effect
size. Significance was assessed at the .05 level, unless other-
wise noted, and all tests were two-sided. Analyses were con-
ducted using SAS 9.4.

Results

Descriptive statistics for participants are presented in
Table 1. Significant differences with regard to race/ethnicity
and maternal education were found between ASD and
TD; therefore, maternal education was included as a covari-
ate in subsequent general linear models. On average, infants
who were later diagnosed with ASD scored significantly
lower than the TD group on measures of verbal and non-
verbal skills and significantly higher on a measure of autism
symptomology.

Model-based estimates of SORF total scores from
the 12-month evaluation, controlling for maternal educa-
tion, are displayed in Table 2. Infants with ASD scored
significantly higher than TD infants on all six SORF scores.
The SC Domain score and SC Red Flags showed the largest

Downloaded from: https://pubs.asha.org Moira Pileggi on 05/17/2021, Terms of Use: https://pubs.asha.org/pubs/rights and_permissions



Table 2. Twelve-month Systematic Observation of Red Flags model-based means.

ASD (n =31) TD (n =91) Test statistic

Effect

Domain Mean [95% CI] Mean [95% CI] F(1, 120) size®
Composite score 21.46 [18.87, 24.05] 11.43 [9.25, 13.62] 41.70* 1.19
SC Domain score 17.62 [15.64, 19.60] 9.36 [7.69, 11.04] 48.16™* 1.28
RRB Domain score 3.84 [2.84, 4.84] 2.07 [1.22, 2.91] 8.77* 0.55
Total Red Flags 8.09 [7.07, 9.11] 4.01 [3.14, 4.87] 44.45%++ 1.24
SC Red Flags 6.53 [5.77, 7.29] 3.13 [2.49, 3.78] 55.23** 1.37
RRB Red Flags 1.57 [1.07, 2.06] 0.87 [0.45, 1.19] 5.50* 0.43

Note. ASD = autism spectrum disorder; TD = typically developing; ClI
RRB = Restricted and Repetitive Behaviors.

2Cohen’s d.
*p < .05. *p < .01. **p < .001.

= confidence interval; SC = Social Communication and Social Interaction;

effects, F(3, 120) = 48.16, p < .0001, and F(3, 117) = 55.23,
p < .0001, respectively. With regard to associations among
12-month SORF scores and concurrent developmental mea-
sures (see Table 3), significant, large correlations (r > .60)
were observed between the SORF (SC Domain, Composite,
SC Red Flags, Total Red Flags) and the CSBS Total Score
and CSBS Social composite. Significant, medium correla-
tions (all rs > .40) were observed between the SORF (SC
Domain, Composite, SC Red Flags, Total Red Flags) and
Mullen Expressive Language and CSBS Speech. Small but
significant correlations were found among the SORF RRB
Domain score (r > .20-.33) and Mullen Receptive Lan-
guage, all CSBS scores, and Vineland Communication.
Significant associations were not observed between the
SORF and the Mullen Visual Reception, Vineland Socializa-
tion, or Vineland Motor Skills scores.

Optimal cutoff scores for the SORF at 12 months were
determined based on the psychometric features relative to

the ASD diagnosis at 24 months and are displayed in Table 4.
The highest AUC, sensitivity, and specificity was observed for
the SORF Composite cutoff of 18, which correctly identified
24 of the 31 infants who were later diagnosed with ASD and
yielded a sensitivity of .77 and a specificity of .76. The optimal
cutoff of SORF Red Flags was 7, with 20 of the 31 infants
having seven or more red flags at 12 months, yielding a sen-
sitivity of .65 and a specificity of .75. The cutoff for the SC
Domain score was 15, with a sensitivity of .74 and a speci-
ficity of .73, and that for SC Red Flags was 6, with a sensi-
tivity of .68 and a specificity of .82. Finally, the optimal
cutoff was 3 for the RRB Domain score (sensitivity of .68,
specificity of .55) and 2 for RRB Red Flags (sensitivity of
.45, specificity of .67).

Associations between 12-month SORF scores and
24-month developmental and autism severity outcome are
presented in Table 5. SORF Total and SC Domain scores
were significantly associated with most outcome measures.

Table 3. Correlations among 12-month Systematic Observation of Red Flags and 12-month developmental measures.

Scores Red Flags
Measure SC Domain RRB Domain Composite SC Domain RRB Domain Composite
Mullen Scales of Early Learning
Expressive Language -51" -.15 —.45" —.54** -.10 —-.46™*
Receptive Language -.33"* -.22" -.34* =37 -12 —.34*
Visual Reception -.16 -.10 -.16 -.15 -.02 -12
Fine Motor —.24* -.03 -.20* -.23" .08 -.15
Communication and Symbolic Behavior Scales
Social -.75"* —.32% -.70" -73™ -.22¢ —-.65*
Speech —.58* —.24* —.53 —.57 -13 -.50"*
Symbolic =27 -.20* -.28"* -.28" -.18 -.29**
Total =74 -.33 —.69** -T2 -.22¢ —.65
Vineland Adaptive Behavior Scales
Socialization -.18 -.01 -14 -.18 -.02 -.15
Communication —.40"* -.20" -.38"* —.40"* -.14 =37
Daily Living Skills -.18 -.09 -17 -.20" -17 -.23"
Motor -.06 .03 -.04 -.10 -.05 -.09
Composite -.30" -.11 =27 —.32% -14 =31
Note. SC = Social Communication and Social Interaction; RRB = Restricted and Repetitive Behaviors.

*p < .05, using false discovery rate—adjusted p values. **p < .01. **p < .001.
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Table 4. Sensitivity, specificity, and area under the curve (AUC) for the 12-month Systematic Observation of Red Flags.

Domain Cutoff score? AUC [95% CI] Sensitivity [95% CI] Specificity [95% CI]
Composite score 18 .77 .68, .85] .77 [.59, .90] .76 [.66, .84]
SC Domain score 15 .73 [.64, .82] .74 [.55, .88] .73 [.62, .81]
RRB Domain score 3 .61 [.52, .71] .68 [.49, .83] .55 [.44, .65]
Total Red Flags 7 .70 [.60, .79] .65 [.45, .81] .75 [.65, .83]
SC Red Flags 6 .75 [.66, .84] .68 [.48, .83] .82 [.73, .90]
RRB Red Flags 2 .56 [.46, .66] .45 [.27, .64] .67 [.56, .77]

Note. CI = confidence interval; SC = Social Communication and Social Interaction; RRB = Restricted and Repetitive Behaviors.
2Cutoff score is inclusive (e.g., a cutoff score of 6 includes participants who have six or more red flags).

Specifically, medium and large, significant correlations were Ozonoff et al., 2010; Rowberry et al., 2015; Zwaigenbaum
observed between the ADOS-Second Edition total calibrated et al., 2005). Our findings also suggest that early signs of
severity score and the SORF SC Domain (r = .52), SORF ASD in the social interaction domain were more powerful
Composite (r = .46), SORF SC Red Flags (r = .51), and in predicting ASD in 12-month-olds compared to the RRB
SORF Total Red Flags (r = .42). SORF SC Domain scores Domain. We speculate that RRBs are just beginning to emerge
and SC Red Flags were significantly associated with all in this young sample and, while it is telling that the SORF
four subscales of the Mullen (all |rs| > .20). Statistically identified RRBs in these infants, these behaviors were not as
significant associations were not found among the SORF robust or predictive as diminished social interactive behaviors.
RRB Domain score and RRB Red Flags and any of the A serious consideration in attempting to identify early
24-month measures. signs for ASD in very young children is adequate sensitivity

and specificity. This concern is echoed in the report of the
U.S. Preventive Services Task Force (Siu, 2016), which

Discussion suggested that evidence is not yet sufficiently compelling
Using the SORF observational measure rated from a to adequately evaluate the harms and benefits of screening
video-recorded CSBS Behavior Sample, a standardized com- young children with ASD in the absence of caregiver con-
munication assessment, we found that the core features of cern. Yet, compelling neuroscience research and promising
ASD were detected as early as 12 months in a sample of studies of very early intervention continue to indicate the
HR infant siblings who were diagnosed with ASD at importance of optimizing development within the first 2
24 months, suggesting that, for some children, symptoms years of life (Bradshaw et al., 2015; Wolff et al., 2018). Re-
of ASD may unfold by the end of the first year of life. Our sults of this study suggested a screening cutoff score that
findings reaffirm research with other HR sibling samples resulted in acceptable sensitivity and specificity for detecting
showing that delays in the development of robust social com- ASD, despite the young age of this sample (Dumont-Mathieu
munication skills, including eye contact, response to name, & Fein, 2005).
and sharing of positive affect and interests, may be present Our results also show significant predictive value of
from a very early age (Landa & Garrett-Mayer, 2006; the tool regarding clinical phenotypes at 24 months of age

Table 5. Correlations among 12-month Systematic Observation of Red Flags and 24-month developmental outcomes.

Scores Red Flags
Measure SC Domain RRB Domain Composite SC Domain RRB Domain Composite
Mullen Scales of Early Learning
Expressive Language -.29™ -12 =27 -.31™ -.06 =27
Receptive Language -.35"* -14 -.32" -.35"* -.02 —-.28™
Visual Reception =31 -.14 -.29" —-.29" -.03 -.24*
Fine Motor -.22" -.01 -17 -.23* .01 -17
ADOS-2 calibrated severity score®
Social Affect 49 a2 427 48 a2 .39
Restricted/Repetitive Behavior 28" .08 24> 27 .05 21
Total 52r 15 A46™ B a2 427

Note. SC = Social Communication and Social Interaction; RRB = Restricted and Repetitive Behaviors; ADOS-2 = Autism Diagnostic Observation
Schedule—Second Edition.

2Spearman correlations.
*p < .05, using false discovery rate—adjusted p values. **p < .01. **p < .001.
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across developmental domains and ASD severity. In con-
sidering community-viable screening tools and the impera-
tive to provide intensified surveillance to at-risk infants,
we found that the SORF was correlated with standard
assessments of social communication and language de-
velopment typically conducted by SLPs and psycholo-
gists within the context of diagnostic evaluations. The
SORF was not associated with measures of cognitive,
motor, or adaptive socialization skills, suggesting the
utility of the SORF as a screener and not the sole mea-
sure of overall functioning. A comprehensive evaluation
following the SORF would enhance the overall diagnos-
tic conceptualization of the child and drive treatment
recommendations. By employing the SORF during the
administration of an early communication assessment
measure, opportunity exists to implement ASD screen-
ing by incorporating SLPs. A majority of parents of chil-
dren later diagnosed with ASD first begin to express
concerns about their child’s development because of early
delays in the development of speech (Herlihy et al., 2015;
Karp et al., 2017). Moreover, multidisciplinary approaches
to diagnostic evaluations with an SLP on the team to help
administer the diagnostic battery may be a cost-effective
and efficient strategy for timely diagnosis (Williams-Arya
et al., 2019). Thus, early social communication delays pres-
ent in children with ASD suggest that SLPs are a critical
professional group in supporting the screening and as-
sessment of young children for ASD (American Speech-
Language-Hearing Association, 2006). The SORF may
therefore capitalize on the SLPs’ involvement with at-
risk toddlers and increase the likelihood of earlier and fo-
cused screening efforts for ASD. Finally, as expected, the
12-month SORF was strongly associated with 24-month
autism severity and developmental skills.

Findings by Dow et al. (2017) support the utility of
the SORF within a community sample, and results of the
current study reflect the tool’s utility in a sample of youn-
ger infants that includes HR siblings. Our results suggest
a cutoff score slightly lower than the previous work (Dow
et al., 2017), providing additional evidence that at-risk co-
horts may require further screening efforts to capture more
subtle vulnerabilities in early social development (Micheletti
et al., 2019). Our cohort of HR siblings demonstrated higher
nonverbal ability than Dow et al.’s (2017) community sample,
which could reflect the unique developmental trajectory ob-
served in HR sibling samples (Chawarska et al., 2014;
Ozonoff et al., 2015). It is noteworthy that, in this study, the
SORF accurately identified toddlers who both were very
young and had high scores on measures of developmen-
tal ability. The lower cutoff score for this younger age
underscores the importance of screening for subtle social
communication delays if early cognitive development is in
the expected range. By attempting to study an observational
measure based on DSM-5 diagnostic criteria for ASD in a
very young HR sample, our results demonstrate utility of
the SORF to detect core features to a significant degree
in the first year. Given the sensitive nature of raising con-
cerns about ASD among providers and parents as early

as 12 months prior to full symptom expression (Pierce et al.,
2011), these results provide further support for a reliable ob-
servational screening measure, particularly for younger
siblings requiring further surveillance. By utilizing a tool
that may “catch” these signs earlier, speeding up the referral
process for evaluation and early intervention can potentially
address the cascading developmental effects as ASD unfolds
in early childhood (Wetherby et al., 2014).

Limitations and Future Directions

Results from this study suggest good sensitivity and
specificity of the SORF at 12 months in a group of HR in-
fants with ASD but are limited by a relatively small sample
size and a lack of a comparison group of infants with non-
ASD developmental delays. In our current sample, the number
of toddlers with non-ASD developmental and/or lan-
guage delays was small, limiting our ability to include them
in the current analysis. This is a critically important issue
in the development and evaluation of an early detection
measure. Future research is needed to replicate these results
in larger HR and LR samples, inclusive of developmental
delay, language delays, broader autism phenotype features,
and diagnostic confirmation in the early childhood years.
Given that our sample was not a community-based sample
of participants but rather an infant sibling group, this tool
should also be further tested across a wider range of infants
and toddlers recruited with different ascertainment methods.
Our study shows promising results for detecting and mea-
suring early ASD indicator behaviors in a cohort of HR
infants when the SORF is utilized alongside an early com-
munication measure. Furthermore, this observational mea-
sure presents opportunity to integrate additional naturalistic
samples of behavior and communication, including the
home setting as used by Dow et al. (2020). Future studies
should examine whether SLPs without specialized experi-
ence evaluating very young children at risk for ASD, as well
as multidisciplinary clinicians, can successfully rate social
communication and behavior using this observational tool.
Future studies are also needed to explore the use of the
SORF within community practice as an option to maximize
screening and speed up referral to diagnostic evaluation
when ASD concerns are present.
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Appendix
Systematic Observation of Red Flags of Autism Spectrum Disorder (SORF; Wetherby et al., 2016)

Impairment in Social Communication and Social Interaction

1. Limited sharing warm, joyful expressions

2. Flat affect or reduced facial expressions

3. Limited sharing interests

4. Lack of response to name or social bids

5. Poor eye gaze directed to faces

6. Limited use of conventional gestures—showing and pointing
7. Uses person’s hand/body as a tool without gaze

8. Limited use of consonant sounds in vocal communication
9. Limited coordination of nonverbal communication

10. Less interest in people than objects

11. Limited sharing of reciprocal social play

Restricted and Repetitive Patterns of Behavior, Interests, or Activities

12. Repetitive movements with objects

13. Repetitive movements or posturing of body

14. Repetitive speech or intonation

15. Ritualized patterns of behavior

16. Marked distress over change

17. Excessive interest in particular objects, actions, or activities

18. Clutches particular objects

19. Sticky attention to objects

20. Fixated interests on parts of objects

21. Lack of or adverse response to specific sounds, textures, or other sensory stimuli
22. Unusual sensory exploration/excessive interest in sensory aspects of environment
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