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Objective: This prospective study characterized parents’
concerns about infants at high risk for developing
autism spectrum disorder (ASD; each with an older
sibling with ASD) at multiple time points in the first 2
years, and assessed their relation to diagnostic outcome
at 3 years.

Method: Parents of low-risk controls (LR) and high-risk
infant siblings (HR) reported any concerns that they had
regarding their children’s development between 6 and 24
months of age regarding sleep, diet, sensory behavior,
gross/fine motor skills, repetitive movements, communi-
cation, communication regression, social skills, play,
and behavioral problems, using a parent concern form
designed for this study. At 3 years of age, an independent,
gold-standard diagnostic assessment for ASD was con-
ducted for all participants.

Results: As predicted, parents of HR children who
received an ASD diagnosis reported more concerns than
parents of LR and HR children who did not have ASD.
The total number of concerns predicted a subsequent
diagnosis of ASD as early as 12 months within the HR
group. Concerns regarding sensory behavior and motor
development predicted a subsequent diagnosis of ASD
as early as 6 months, whereas concerns about social
communication and repetitive behaviors did not predict
diagnosis of ASD until after 12 months.

Conclusion: Parent-reported concerns can
earlier recognition of ASD in HR children.
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utism spectrum disorder (ASD) is 1 of the most

prevalent developmental disorders, with a current

estimate of 1 in 68 children.! ASD is generally
diagnosed at age 4 years or later,”> but retrospective pa-
rental concerns and home videos suggest that symptoms
appear earlier, even prior to the child’s first birthday.>®
That said, retrospective parent reports have potential lim-
itations. Parents’ recollection of early symptoms may be
influenced by perceptions of what behaviors are linked to
ASD, such as language delay or reduced eye contact. Less
attention may be given to differences not typically recog-
nized as part of ASD, such as motor delays or sensory
sensitivities. This is unfortunate, as a growing literature
suggests that early sensory and motor differences form a
prodrome of ASD that manifests in the latter half of the
first year of life”'? before the appearance of social
communication and restrictive behavioral differences more
directly related to ASD diagnostic criteria (reviewed in
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Zwaigenbaum et al.'®). Although there are limitations

of retrospective inquiry, parents generally describe
having concerns before signs of ASD are detected by
other mechanisms (including community surveillance and
screening)“; thus, parental concerns can index clinically
significant behavioral differences.'?

Prospective studies of infants considered to be at high
risk (infant siblings of children diagnosed with ASD'®) or
children ascertained by screening for communication de-
lays'” have provided a window into the emergence of ASD
and a unique opportunity to track parents’ concerns in
relation to subsequent ASD diagnoses. Using this method,
parents of children with ASD report concerns as early as 12
to 14 months,'®'® the most frequent related to delayed
communication.'”"  Although promising, these studies’
findings are limited in scope. For example, Wetherby et al.'”
informed parents that the researchers were examining
communication, potentially limiting the range of concerns
reported. Hess and Landa'® lacked a control group of LR
children and did not collect parent reports before 14 months.
Ozonoff et al.'’ collected parent reports at 3 time points in
the first 18 months but focused on the total number of
concerns rather than specific areas as potential predictors of
later diagnosis.

The present study examined parent concerns between
6 and 24 months of age across multiple domains of
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development and their relation to ASD risk. We used a
structured interview that included questions regarding
concerns in 10 domains: sleep, diet, sensory interests, motor
development, repetitive movements, communication, com-
munication regression, social skills, play, and behavioral
problems. Parents of infants who were LR and HR were
interviewed at ages 6, 9, 12, 15, 18, and 24 months. Our
primary objective was to identify parent-reported concerns
in the first 24 months that distinguished HR infants who
were diagnosed with ASD at 36 months from other HR and
LR infants.

METHOD
Study Participants

Parent concerns were analyzed in respect to infants at HR and LR
who were participating in a longitudinal study of early behavioral
markers of ASD at 1 of 4 sites in Canada (Glenrose Rehabilitation
Hospital in Edmonton, Alberta; Holland Bloorview Kids Rehab in
Toronto, Ontario; Offord Centre for Child Studies in Hamilton,
Ontario; IWK Health Centre in Halifax, Nova Scotia).>® All infants
were enrolled between 6 and 12 months and underwent compre-
hensive assessment of their cognitive, communication, social, and
motor abilities, as well as ASD-related symptoms, at 6, 9, 12, 15, 18,
24, and 36 to 42 months (hereafter, 3 years).

Infants at LR and HR who were followed to at least 3 years were
included in the study if they underwent an ASD diagnostic assess-
ment and if parents had completed our parent concern form at a
minimum of 2 time points between 6 and 24 months. As a result, 10
of 79 infants at LR and 49 of 217 infants at HR (28 of 134 HR without
ASD and 21 of 83 HR with ASD at 3 years) were excluded. The
diagnosis of the older sibling (or proband) was based on evaluation
by a multidisciplinary team and expert clinical review using DSM-
IV-TR criteria, supported by a comprehensive developmental his-
tory and the Autism Diagnostic Observation Schedule (ADOS).*!
Infants at LR were recruited from the local community at each site
on the basis of having no first- or second-degree relatives with an
ASD diagnosis. All participants were born at 36 to 42 weeks’
gestation, had a birth weight greater than 2,500 g, and had no
known genetic or neurological disorders. The institutional review
boards at each of the 4 sites approved the research protocol, and
parents provided written informed consent after receiving a detailed
description of the study.

Measures

Several assessments were administered to track cognition, adaptive
behavior, and ASD-specific characteristics over time. The Mullen
Scales of Early Learning (MSEL?) is a direct measure of develop-
ment, consisting of 4 scales that, together, form the Early Learning
Composite (ELC). The ELC of the MSEL was calculated at 12, 24,
and 36 months. The Vineland Adaptive Behavior Scales (VABS)® is
a semistructured parent interview designed to assess adaptive
behavior, notably communication, daily living, socialization, and
motor skills. The Adaptive Behavior Composite (ABC) of the VABS
was calculated at 12, 18, 24, and 36 months of age. The first version
of the VABS was used as the longitudinal study was implemented
before the release of the second edition.”*

ASD symptoms were measured using the ADOS*' and the
Autism Diagnostic Interview—Revised (ADI-R).”®> The ADOS uses
standardized activities and presses to elicit communication, social
interaction, imaginative play, and repetitive behavior, allowing
the examiner to observe the occurrence or nonoccurrence of be-
haviors diagnostic of ASD. The ADOS was administered at 24 and

JOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
VOLUME 54 NUMBER 6 JUNE 2015

36 months, and ADOS severity scores were calculated.?® The ADI-
R is an investigator-directed interview used to elicit information
about social development, verbal/nonverbal communication, and
repetitive interests and behavior required to make an ICD-10 or
DSM-1V diagnosis of ASD. The ADI-R was administered at
3 years.

Assessment of Parent Concerns

We developed an interview to collect information about parent
concerns during the first 2 years in children at LR and HR of ASD.
The interview is semistructured, with the interviewer asking par-
ents questions in 10 developmental domains in a standardized or-
der (see Supplement, available online, for the interview). Parents
were asked if they had current concerns in each of 3 broad areas:
general concerns (sleep, diet, sensory, motor); behavioral concerns
(social, play, behavioral problems, repetitive behaviors/restricted
interests); and communication concerns (verbal/nonverbal, regres-
sion). Responses were digitally transcribed into a master file using
Microsoft Excel (Microsoft Excel for Mac 2011, Version 14.4.1).
Participants were identified using a unique number, and other
identifying information was removed. A coder blinded to group
membership (L.R.S.) coded the data file using a binary system of
“0” and “1,” with “0” representing the absence of a concern and “1”
the presence of a concern. If a domain was left blank or if parents
indicated “None” or “N/A,” this was coded as “0.” A second coder
(C.N.), also blinded to group status, coded 30% of all of the parent
concern forms. Analysis of interrater reliability was completed us-
ing Cohen’s k, with an overall reliability of 0.71. Reliability was
analyzed for each domain using the criteria of Fleiss* and ranged
from 0.60 (good) to 1.0 (excellent) at sleep: 0.91; diet: 0.94; sensory:
0.60; gross/fine motor: 0.69; repetitive motor: 0.69; communication:
0.60; communication regression: 1.0; social: 0.64; play: 0.76; and
behavioral problems: 0.64.

Diagnostic Outcome Assessment

At 3 years, each participant underwent an independent diagnostic
evaluation conducted by an expert clinician blinded to the results of
all previous assessments. ASD diagnoses were assigned using DSM-
IV-TR criteria, based on the best judgment of the clinician (devel-
opmental pediatrician, child psychiatrist, or clinical psychologist, all
with at least 10 years of diagnostic experience with ASD), taking into
account information from the concurrent ADI-R, ADOS, and as-
sessments of cognitive, language, and adaptive skills. Some children
with a clinical diagnosis of ASD had subthreshold algorithm scores
on the ADOS and/or ADI-R but met DSM-IV-TR criteria based on
expert review of all available 3-year data. Infants at HR were
stratified by 3-year status into those diagnosed with ASD (HR-ASD)
and those not diagnosed with ASD (HR-N).

Statistical Analyses

Children who were HR-ASD, HR-N, and LR were compared using
the Statistical Package for the Social Sciences (SPSS) version 19,
using group and age (6, 9, 12, 15, 18, and 24 months) as fixed
factors, with a (i.e., overall type I error) set at 0.05. Groups were
compared using mixed-model analyses. Group differences and
group-by-age interactions were explored using Benjamini and
Hochberg corrections.”® In this method, the p values are ordered
from smallest to largest. The o level for each test is then set at £2,
with k corresponding to the p value’s rank (e.g., lowest p value = 1)
and m corresponding to the number of comparisons, which in
this case was 18. The comparisons stop once 1 of the t tests is
rejected. Our main objective was to determine when differences
appeared among the 3 groups of children, and therefore planned
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comparisons were completed on all group-by-age interactions. Ef-
fect sizes were calculated using Cohen’s d, with 0.2 to 0.49 indi-
cating a small effect, 0.5 to 0.79 a medium effect, and >0.8 a large
effect.”

RESULTS

Participant Characteristics by Outcome Group

Participant characteristics are presented in Table 1. Three
groups based on 3-year diagnostic outcomes were
compared: 69 LR (31 boys); 106 HR-N (55 boys); and 62 HR-
ASD (48 boys). There was a group difference for sex, with
fewer girls in the HR-ASD group compared to HR-N and LR
groups (F; 215 = 5.3, p = .006). There was a group difference

for exact age at 6 months (F, 136 = 3.3, p =.04), with HR-N
(mean + SD = 6.27 & 0.35 months) being younger than LR
(mean + SD = 6.46 + 0.37 months), but HR-ASD (mean +
SD = 6.46 £+ 0.65 months) did not differ from the 2 other
groups. There were no other group differences in age at any
of the remaining 6 time points (all p > .05). Group com-
parisons on developmental and ASD symptom measures are
shown in Table 1.

Group Comparisons: Parental Concerns

Group and age differences for each domain were explored
using a series of mixed-methods analyses. The percentages
of concerns reported for children in the LR, HR-N, and

TABLE 1 Participant Characteristics
IR, n HR-N, n HR-ASD, n

Characteristic (Total = 69) (Total = 106) (Total = 62) F test P
Sex (M:F) 31:28 55:45 48:14% $2=10.26 <.01
Age, mo

6 52 64 22

9 60 76 34

12 69 102 57

15 56 95 55

18 67 106 58

24 69 106 62
Age, mo Mean (SD) Mean (SD) Mean (SD)
6 6.5 (0.3) 6.3 (0.4) 6.3 (0.3) 3.3 <.05
9 9.2 (0.4) 9.2 (0.4) 9.2 (0.3) 0.93 >.05
12 12.4 (0.5) 12.4 (0.4) 12.3 (0.2) 0.19 >.05
15 15.3 (0.3) 15.3 (0.4) 15.3 (0.4) 0.21 >.05
18 18.5 (0.4) 18.4 (0.4) 18.4 (0.3) 0.29 >.05
24 24.6 (0.6) 24.5 (0.5) 24.5 (0.6) 0.5 >.05
36 41.8 (7.4) 40.6 (3.9) 39.6 (3.2) 0.04 >.05
Mullen ELC, mo Mean (SD) Mean (SD) Mean (SD)
12 108.4 (12.1) 100.0 (15.9) 98.0 (16.9)°bc 8 <.001
24 117.9 (15.3) 105.1 (15.0)° 89.3 (]8.9)°b 42.84 <.001
36 118.8 (15.9) 106.7 (18.1)° 93.8 (20.7)%® 26.5 <.001
VABS ABC, mo Mean (SD) Mean (SD) Mean (SD)
18 97.3 (7.0) 92.2 (7.8)° 85.5 (9.0)Gb 30.85 <.001
24 94.9 (9.3) 91.0 (9.9)° 83.5 (10.1)% 20.47 <.001
36 99.0 (9.9) 94.4 (12.8) 80.6 (1 2.4)°b 35.68 <.001
ADOS Severity, mo Mean (SD) Mean (SD) Mean (SD)
24 1.5 (0.8) 2.7 (1.8)° 5.5 (2.2)‘:'b 79.46 <.001
36 1.7 (1.2) 2.7 (1.8)¢ 6.3 (].7)“b 139.47 <.001
ADI-R, mo Mean (SD) Mean (SD) Mean (SD)
36 3.9 (3.3) 7.2 (4.9)° 22.2 (10.6)%® 126.73 <.001
Note: ADIR = Autism Diagnostic Interview-Revised Total Score; ADOS = Autism Diagnostic Observation Schedule Severity Score; ASD = autism specirum disorder;

ELC = Early learning Composite Score; F = female; HR-ASD = high-risk infant sibling diagnosed with ASD; HR-N = high-risk infant sibling without ASD; LR = low-risk

infant without ASD; M = male; VABS ABC = Vineland Adaptive Behavior Scale Adaptive Behavior Composite Score.

“Different from LR; significant at p < .0167.

bDifferent from HR-N; significant at p < .0167.

“Difference between HR-N and HR-ASD is not clinically relevant.
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HR-ASD groups for each domain are presented in Table 2.
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FIGURE 1

General concerns. Note: Mean + standard error of the mean (SEM) for percentage of concerns is reported for each

group by each age for (A) sleep, (B) diet, (C) sensory, and (D) motor. ASD = autism spectrum disorder; HR-ASD = high-risk infant
siblings diagnosed with ASD; HR-N = high-risk infant siblings without ASD; LR = low-risk infants without ASD; °Different from LR.

bDifferent from HR-N.
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concerns than LR (d = 0.7) and HR-N (d = 0.3), who also
differed (d = 0.3; q < .05). Post hoc analyses, shown in
Figure 2C, indicated that group differences emerged at
12 months between the HR-ASD and LR groups, at
24 months between the HR groups, and at 18 months be-
tween HR-N and LR (all q < .017).

Significant group (Fp1195 = 394, p < .001) and age
(Fs,1105 = 2.2, p < .05) differences were found for the number
of reported repetitive motor/restrictive behavior (RRB)
concerns, but no group-by-age (F1g1195 = 1.4, p > .05) effect.
Overall, HR-ASD had more concerns than both LR (d = 0.8)
and HR-N (d = 0.3), and HR-N had more concerns than LR
(d =0.5; q < .05). Post hoc analyses, as shown in Figure 2D,
indicated that group differences emerged at 9 months be-
tween HR-ASD and LR, and at 18 months between HR-ASD
and HR-N. Differences between the HR-N and LR groups
emerged at 9 months (all q < .03).

Communication and Total Concerns. Significant group
(F2,1196 = 418, p < 001) and age (F5,1196 = 84, p < 001)
differences were found for the number of reported com-
munication concerns, but no group-by-age (Fip1196 = 1.5,
p > .05) effect. Overall, the HR-ASD group had more con-
cerns than both LR (d = 0.8) and HR-N (d = 0.4), and HR-N
had more concerns than LR (d = 0.5; q < .05). Post hoc
analyses, as shown in Figure 3A (also see Figure S3, avail-
able online), indicated that group differences emerged at 9
months between HR-ASD and LR and at 15 months between
the HR groups. Differences between the HR-N and LR
groups emerged at 12 months (all q < .028).

A significant group difference was found for the number
of reported communication regression concerns (Fy 1196 = 15.4,
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p < .001), but no age (Fs1196 = 0.2, p > .05) or group-by-age
(F10,1196 = 0.6, p > .05) effects. Overall, LR had fewer con-
cerns than HR groups (d = 0.3 [HR-N], 0.5 [HR-ASD]), and
HR-ASD had more concerns than HR-N (d = 0.2; q < .05).
Post hoc analyses, shown in Figure 3B, indicated that more
group differences emerged at 15 months between HR-ASD
and LR, at 24 months between HR-ASD and HR-N, and at
15 months between HR-N and LR (all q < .014).

Analyses of total number of concerns (sum of all do-
mains) resulted in an overall effect of group (F;,1196 = 129.1,
p < .001), age (Fs51196 = 5.9, p < .001), and a group-by-age
interaction (Fig1196 = 2.5, p < .01), with HR-ASD having
more concerns compared to the LR (d = 1.3) and HR-N
(d = 0.7) groups, which also differed (d = 0.7; q < .05).
Post hoc analyses, shown in Figure 3C, indicated that group
differences emerged at 6 months between HR-ASD and LR,
at 12 months between HR groups, and at 12 months between
HR-N and LR.

DISCUSSION

This study provides the most detailed description of pro-
spectively examined parental concerns to date, comparing
rates of concerns in multiple domains in infants at LR and
HR for ASD from 6 to 24 months. Overall, parents of chil-
dren with ASD recognize very early developmental differ-
ences in their later-born infants who develop ASD that
distinguish them from other infants. Notably, the relative
rates of types of concerns reported over time were remark-
ably similar across risk and outcome groups, in that parents
of children in all groups were more likely to report sleep and
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FIGURE 2 Behavioral concerns. Note: Mean = standard error of the mean (SEM) for percentage of concerns is reported for each
group by each age for (A) socidl, (B) play, (C) behavioral problems, and (D) repetitive behavior. ASD = autism spectrum disorder;
HR-ASD = high-risk infant siblings diagnosed with ASD; HR-N = high-risk infant siblings without ASD; LR = low-risk infants without
ASD; RRB = restricted interests and repetitive behaviors. “Different from LR. PDifferent from HR-N.
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motor concerns during the first year, and communication
and behavioral concerns in the second and third years, even
though parents of children with ASD reported more con-
cerns overall than their LR and HR-N counterparts.

The total number of concerns at 12 months predicted
which children at HR would likely receive an ASD diag-
nosis, consistent with the prospective findings of Ozonoff
et al.'® However, group differences were apparent even
earlier when looking at individual domains. Differences in
sensory and motor skills at 6 months and in sensory and
play skills at 9 months differentiated between children at HR
who did and did not receive a diagnosis of ASD at 3 years. In
contrast, differences in rates of concerns in other domains
differentiated between groups at later ages. For example,
group differences between the children at HR with and
without ASD did not appear until 12 months for social
concerns, 15 months for communication concerns, and 18
months for repetitive behaviors/restricted interests. The
finding that parents report restricted and repetitive behav-
iors in the 2 HR groups is consistent with findings by
Chawarska et al** and highlights the challenges of diag-
nosing infants with ASD by 18 months, as a subsample of
the children at HR exhibit such behaviors but do not go on to
be diagnosed with ASD by age 3 years. The sequencing of
concerns reflects a growing literature that suggests that
early sensory and motor differences form a prodrome of
ASD that manifests in the latter half of the first year of
life,>*? preceding social communication and restrictive
behavioral differences more directly related to ASD diag-
nostic criteria (reviewed by Zwaigenbaum et al.'?).
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Group differences between children at LR and children
diagnosed with ASD emerged earlier than differences be-
tween children at HR without ASD versus those with ASD.
This is most apparent for communication, regression, and
repetitive behaviors/restricted interests, those domains most
associated with ASD. Two potential factors may account for
the later emergence of group differences between the HR
groups. First, parents of children at HR have at least 1 child
with an ASD diagnosis, and may be sensitized to detecting
developmental differences in their younger child and thus
report a higher number of concerns than parents without a
child with ASD. Second, a subgroup of the HR-N group is at
a heightened risk for developmental and behavioral chal-
lenges related to ASD, that is, the broader autism pheno-
type, 3! potentially resulting in their parents reporting
more concerns. Despite these factors, parents’ total number
of concerns differentiated the HR-ASD and HR-N groups by
age 12 months.

These and other recent findings argue for a renewed
attention to the content and timing of parental concerns.
Historically, parents’ descriptions helped inform the
development of early detection and screening strategies
(e.g., Robins et al.sz), but have received less attention with
the shift to direct observation in prospective studies of
high-risk infants. In community-based surveillance con-
texts, parental concerns correlate highly with a broad range
of developmental delays and emotional-behavioral prob-
lems.'>32 Indeed, in the current study, the pattern and time
course of parental concerns related to subsequent ASD
diagnoses  mirror findings from laboratory-based
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FIGURE 3 Communication and fotal concerns. Note: Mean
+ standard error of the mean (SEM) for percentage of concerns
is reported for each group by each age for (A) communication,
(B) communication regression, and (C) total number of
concerns. ASD = autism spectrum disorder; HR-ASD = high-
risk infant siblings diagnosed with ASD; HR-N = high-risk
infant siblings without ASD; LR = low-risk infants without ASD.
“Different from LR. PDifferent from HR-N.
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observational studies of infants at high risk (reviewed by
Zwaigenbaum et al.'®). Moreover, although technology-
based indices of underlying brain structure,® function,>*
and visual orienting differences®?” predict ASD in pre-
symptomatic infants, differences on these measures gener-
ally emerge no earlier than 6 months. This corresponds to
the age at which parental concerns begin to differ between
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HR-ASD and LR groups, perhaps driven primarily by
concerns regarding sensory and motor behavior. This sug-
gests that parents recognize developmental differences
related to ASD very early. Indeed, parents’ ability to
recognize such differences could support intensified efforts
for surveillance of early signs of ASD in these children at
HR, as recommended by the American Academy of
Pediatrics.®®

Unique strengths of this study include the large sample
size, prospective design, and systematic analysis of parental
concerns across a broad range of domains, conducted blind
to outcome and risk status. However, the study also has a
number of limitations. First, parents of children at HR
already have at least 1 child with a diagnosis of ASD and
may be aware of the early problems associated with
ASD and more sensitive to developmental or behavioral
differences than other parents, limiting generalizability
beyond a high-risk context. Second, although the HR-N
group includes some children with developmental delays,
we have not specifically compared parental concerns in
ASD to those of parents of children with developmental
delays outside the ASD context. Supplemental analyses of
participants who met criteria for the broader autism
phenotype® noted that parental concerns for these children
also indicate earlier recognition of developmental abnor-
malities when compared to an LR sample. Third, findings
from this HR cohort may not generalize to nonfamilial
cases of ASD (i.e., multiplex versus simplex families) or to
clinically referred children with ASD of similar age. Fourth,
this study also does not take into account the differences
between clinically referred samples and our high-risk
family sample. There is the potential risk that families
who chose to participate in longitudinal research are not
representative of children with ASD from nonfamilial
samples. Fifth, although interrater reliability for sleep, diet,
communication regression, and play were quite strong,
other domains were fair to good, representing the difficulty
when teasing apart age-related concerns, and highlight the
importance of clinical experience when categorizing parent
concerns as clinical concerns.

In summary, our findings indicate that the presence of
parent concerns can predict later diagnostic outcomes in
children at high risk for ASD. ASD screening tools are
designed to elicit parents’ observations regarding early
ASD-related behaviors, with evidence of increased sensi-
tivity relative to open-ended questions about parental
concerns.*’ Uptake into clinical practice remains modest
despite current practice guidelines® but could be improved
if perceived barriers were addressed, including streamlined
referral systems to ensure that children with identified
concerns are assessed in a timely way, and training for
support staff to facilitate referrals and to track follow-
through and outcomes. Although these findings may not
generalize to families who do not already have a child with
ASD, retrospective research would suggest that these
families are aware of red flags from an early age.® Although
ambiguity about the clinical interpretation of behavioral
signs can cause uncertainty for both clinicians and families,
increased access to early interventions for children at risk
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due to early signs, regardless of familial risk, may help
encourage buy-in and ultimately improve outcomes. &

@ Clinical Guidance

e Parent reports provide important information
conceming the development of their child as early as the
first year of life.

o Parent reports reflecting motor, sensory, and play concerns
in the first year are predictive of an outcome of ASD.

e Reports of communication and social concerns in the
second year are predicfive of an outcome of ASD.
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