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Abstract

Pre-diagnostic intervention for autism spectrum disorder (ASD) allows symptoms to be addressed as they emerge, often
between six to 18 months, rather than after the full onset of the disorder. A systematic literature review, spanning the previ-
ous six years was conducted in order to provide an updated review looking at the earliest behavior symptoms of ASD. All
included studies used a prospective experimental design, reported on symptoms that emerged before 18-months of age,
exclusively in children who would later receive a diagnosis, and were assessed for quality. This review is the first to address
this research question through the use of a systematic research design and extends the literature by following up on recom-

mendations for future research from previous findings.
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Various ASD signs and symptoms begin to emerge in
the first year of life and can be detected between 6 and
18 months of age, however the average age of diagnosis is
4 years of age or older across North America (Centre for
Disease Control 2019). Improving the identification of very
early Autism Spectrum Disorder (ASD) symptoms is a pri-
ority amongst autism researchers, as earlier identification
allows for earlier intervention, which is in turn key for maxi-
mizing a child’s potential and achieving optimal outcomes.
More in detail, optimal outcomes in children with ASD
are linked to the age at which intervention begins, with the
most significant gains being observed in children who begin
behavioral intervention prior to 2 years of age (Ben-Itzchak
& Zachor 2007; Landa 2018; MacDonald et al. 2014).
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Research examining the early signs of ASD can be cat-
egorized into three domains: (a) retrospective studies, often
taken from parents’ recall of their child’s behaviors during
infancy; (b) videotape reviews, consisting in home video
reviews of infant and toddler behaviors from children who
later on were diagnosed with ASD; and (c) prospective
studies, often following a high-risk cohort from birth and
documenting the emergence of symptoms as they unfold.
Retrospective research, often in the form of surveys and
questionnaires which probe questions such as “when did you
first have concerns of your child’s development and what
were they”, can be useful in identifying what stands out to
parents after time passes or what symptoms may have been
most salient and memorable. However retrospective research
are prone to many memory errors and biases. Videotape
review was an invaluable step in establishing early signs
research. A landmark study by Osterling and Dawson (1994)
coded home videotapes of first year birthday parties of both
typically developing children and children who would later
be diagnosed with autism and found that 91% of the children
who later received a diagnosis engaged in significantly fewer
social communicative behaviors, such as responding to their
name, using gestures and looking at others. Using videotape
review to collect data and observe how symptoms presented
at an earlier point in time eliminates the memory errors and
biases attributed to retrospective research. However, vide-
otape reviews are prone to selection bias, in that, parents are
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more likely to record special moments and adaptive behavior
and may be more likely to stop recording when challenging
behavior emerges (Osterling & Dawson, 1994). Prospective
research often follows a cohort of a specific population and
records data during frequent intervals in real time, allowing
for a more accurate understanding of the timing and topog-
raphies of the earliest ASD symptoms. Prospective research
often relies on the use of a high risk (HR) sample, referring
to a heightened genetic risk often confirmed by an older
sibling with a confirmed diagnosis of ASD. A HR sample
ensures a higher percentage of future confirmed cases of
ASD, approximately 20% (Ozonoff et al. 2011), compared
to less than 2% found in a general population or low risk
(LR) sample. Group membership is further classified based
on diagnostic outcomes to include HR-no ASD, HR-ASD,
LR-no ASD and LR-ASD (confirmed ASD diagnosis with
no known genetic risk). HR-no ASD membership may be
further divided into HR-ATP (atypical development but
no ASD) and HR-TD (typical development despite genetic
risk). Studies may use any combination of these groups
depending on the diagnostic outcome of individual partici-
pants at follow-up and the dependent variables measured.
Studies have reliably demonstrated that infant to toddler
developmental trajectories of HR-no ASD are often differ-
entiated from LR-no ASD with regards to characteristics
such as anticipatory responses (Landa et al. 2016; Northup
et al. 2017), object exploration and fine motor skills (Ekberg
et al. 2016; Kaur et al. 2015; Koterba et al. 2014; Leonard
et al. 2015; Libertus et al. 2014), sharing objects (Srinvasan
& Bhat 2016), eye contact and gaze (Bedford et al. 2012;
Dundas et al. 2012; Gliga et al. 2015) and social engage-
ment (Chawarska et al. 2016; Jones et al. 2015). Following
the same logic, early signs in a HR-ASD population should
not be assumed to generalize to a LR-ASD population and
prospective research should continue to include diverse LR
samples (Zwaigenbaum et al. 2015).

Early intervention is essential for children to maximize
their developmental trajectory and reach full potential
(Landa et al. 2018; Reinchow et al. 2012) however one of
the biggest barriers to early intervention is early detection.
In order to improve early detection, research must focus on
the earliest manifestations of the disorder in infancy. A com-
prehensive literature review was conducted by Zwaigenbaum
et al. (2015) summarizing key findings of early signs from
research up until the end of 2013. A few notable limita-
tions to this study is that it did not use a systematic review
methodology, nor did it focus solely at early signs that dif-
ferentiate the high-risk atypical or typical development from
high-risk-ASD development. Although this literature review
was not systematic, 419 articles were reviewed by an expert
panel of 22 researchers who are highly specialized in the
area of early autism symptoms, thus allowing for a wider
scope of articles to be included with some discretion in
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order to include the most relevant articles (Zwaigenbaum
et al. 2015). Six years has passed since its publication and
the area of early behavior symptoms has continued to spark
interest, leading to dozens more publications on the topic.
As the previous literature was extremely comprehensive and
included 24 articles, the current literature review focuses
on the most recent findings rather than including redundant
findings which have already been covered extensively by its
predecessor.

It is well documented across high-risk research that the
younger siblings of children with autism that do not go on to
receive a diagnosis of ASD often still show developmental
differences compared to low-risk no ASD children. More
specifically, children who are HR-no ASD will often pre-
sent with a range of less severe symptoms than HR-ASD
but present with more symptoms than LR-no ASD. An
important contribution of the current systematic literature
review focuses on where and when children with HR-ASD
differ from all other comparison groups, thereby providing
a summary of early signs that are exclusive to a group that
will eventually be diagnosed with ASD. This distinction
was intentionally examined in order to more clearly show
symptoms associated with a future ASD diagnosis rather
than symptoms that are solely associated with HR group
membership.

The current study aims to extend the aforementioned
review by examining the subsequent 6 years and adding to
our understanding of early identification of ASD by using a
systematic approach and limiting studies exclusively to pro-
spective designs that examined symptoms which were signif-
icantly differentiated before 18 months of age in a HR-ASD
sample. To date, no review has examined the early symp-
toms of ASD which differentiate HR infant siblings who do
go on to receive a confirmed diagnosis to HR infants who
do not go on to receive a diagnosis (i.e. HR-ASD symptoms
versus HR-ATP or HR-TD. Although a substantial amount of
literature has examined early symptoms often observed in a
HR sample, this review will extend the literature by examin-
ing which symptoms are exclusive to the HR-ASD group.

Method
Systematic Search Procedures

Systematic searches were conducted in four electronic data-
bases: Medline, PubMed, ERIC and PsycINFO. Searches
were limited to peer-reviewed journal articles, written in
English and published in the previous 5 years (January 2014-
Dec 2018). Identical search terms were used across all four
databases which included: “early signs” or “early detec-
tion” or “early symptoms” and “prospective” and “autism”
or “Autism Spectrum Disorder” or “ASD”.
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The search results generated 146 titles with abstracts,
from which 85 were removed due to lack of relevance to the
research question or duplicates across databases, leaving 61
relevant articles for subsequent full-text screening. Inclusion
and exclusion criteria were used for screening full-texts after
which 18 articles were deemed eligible for inclusion in this
review (Fig. 1; Moher et al. 2010). Hand searches of the ref-
erences of the 18 eligible studies were conducted resulting in
the identification of an additional article deemed relevant by
two independent coders and bringing the total number of eli-
gible studies to 19. To ensure the final manuscript included
the most recent literature, the search was updated by using
the same methodological procedure to include articles pub-
lished up until May 31, 2020. This addition resulted in 111
additional references for screening, yielding 7 additional
titles included in the present review. Tables and texts refer-
ences were updated to reflect the total amount of references
at each stage of the screening process.

.S Records identified
E through databases
= search
= n=257
=2 Duplicates removed
n=55
Records remaining
after removal of
duplicates
L n=202
oo Records excluded
'g > after screening title
o and abstract
3 \ n=100
Records remaining
after screening title
and abstract
n=102
( Additional records
< identified through
references
scanning
n=4
- Records excluded
= with reason upon
= full-text screening
o n=80
( Records included in
Intercoder
agreement checks
- n=26
i Records included
3 in review
e n=26

Fig. 1 Flow-chart illustrating inclusion process

Inclusion and Exclusion Criteria

To be included in this review, studies should meet the fol-
lowing criteria: (1) participants were 18 months or younger
at baseline; (2) a post-screening diagnostic tool, coding
system or clinical best estimate was administered to deter-
mine the presence or absence of an ASD diagnosis; (3) the
symptoms were behavioral in nature and measurable during
direct observation (including video recording, i.e. could be
observed by a parent or during routine clinical practise);
(4) symptom(s) emerged before 18 months of age in the
ASD group and were differentiated from comparison groups
before 18 months; (5) studies were prospective in nature; and
(6) no co-occurrence of additional diagnoses was reported.

Studies were excluded if: (1) additional diagnoses were
present; (2) the study did not confirm an outcome status of
autism or ASD (e.g. only reported an at-risk status); (3) the
symptoms required additional technology to measure, such
as but not limited to eye-tracking devices, neuro-imaging,
visual or audio analysis software; (4) symptoms were not
significantly differentiated from comparison groups (i.e.
HR-No ASD and LR) by 18 months of age.

Data Coding and Inter-Coding Agreement

The first author conducted the initial search, removal of
duplicates and removal of articles by scanning abstract
and title. After these first three steps were conducted, 102
articles remained to undergo full-text screening. The first
author screened 100% of the articles for inclusion and three
independent coders screened 50% (51 articles) for inclusion.
Of the 102 articles which underwent full-text screening, 26
articles met full inclusion criteria, with 100% agreement
between the first author and independent coders. All 19
articles were coded by the first author (Table 1) and three
independent coders. Articles were coded as follows: (1)
participants age at baseline; (2) post-screening diagnostic
tool, coding system or clinical best estimate administered
to determine the presence or absence of an ASD diagnosis;
(3) behavioral and measurable symptoms; (4) symptom(s)
that emerged before 18 months of age in the ASD group and
how these differentiated from comparison groups; and (5)
quality of each study assessed using a modified version of
the Observational Cohort and Cross-Sectional Studies (NIH
National Heart, Lung and Blood Institute, 2017) with a qual-
ity score reported. The full-text of all 26 articles selected
for inclusion was screened against inclusion and exclusion
criteria and scored for quality by the primary researcher and
three independent coders.

Inter-coding agreement for both inclusion and qual-
ity assessment were calculated by having each criterion
assigned a plus if all coders agreed or a minus if they disa-
greed and then by dividing the number of agreements by the
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total number of agreed and disagreed criteria and multiply-
ing by 100.

There was 100% agreement between coders for questions
1 to 5, which were single-item questions. For the quality
assessment, all 26 articles were scored across 12 items,
therefore resulting in a possible 312 items for agreement
between coders. There was a 92% agreement between coders
on all items and any disagreements were discussed among
coders and a consensus was reached.

Quality Assessment

As the nature of this research is cross-sectional and not
experimental, a quality assessment tool developed by the
National Heart, Lung and Blood Institute (NHLBI) and
Research Triangle Institute for Observational Cohort and
Cross-Sectional Studies based on other tools developed by
researchers in the Agency for Healthcare Research and Qual-
ity (AHRQ) Evidence-Based Practise Centers, the Cochrane
Collaboration, the United States Preventive Service Task
Force, the Scottish Intercollegiate Guidelines Network, and
the National Health Service Centre for Reviews and Dis-
semination (NHLBI 2017) was used with minor adaptations.
The original 14-item quality assessment tool (NHLBI 2017)
was modified by removing 2 questions that did not apply to
the current research, therefore articles were given a score out
of 12 based on the number of quality indicators which were
present in the individual studies. The questions deemed non-
applicable were question 8 and 9 of the original assessment
tool. An article with a score of 10 to 12 would be assigned
a “high quality” rating, a score of 7-9 would classify the
study of “moderate quality”” and a score of 6 or below would
indicate a study of “low quality”.

Breadth of Publications and Authors

The 26 selected studies for inclusion were published in 14
different peer-reviewed journals, with the most common
journal being the Journal of Autism and Developmental Dis-
orders in which 9 of the 26 articles had been published. Four
journals; Infant Behavior and Development, The Journal of
Child and Adolescent Psychiatry, Journal of Neurodevelop-
ment Disorders and Autism, contributed with two publica-
tions each. The remaining ten journals hosted one article
each: Molecular Autism, Journal of American Academy of
Psychiatry, Journal of Abnormal Child Psychology, Autism
Research, Psychology, Journal of Pediatrics, International
Journal of Language and Communication Disorders, Jour-
nal of American Academy of Neurology and the Journal of
Child Psychology and Psychiatry. Of the 26 articles, two
articles had repeat first authors, Gangi et al. (2014) & Gangi,
Schwichtenberg et al. (2018) and Sacrey (2015,2020).

Results

The frequency and severity of autism symptoms in the
HR-No ASD group often falls in the middle between the
LR group and the HR-ASD group. The purpose of the
current study is to highlight what ranges of symptoms dif-
ferentiate the HR-ASD group from all other comparison
groups, mainly the HR-No ASD and LR groups. Therefore,
results will focus predominantly on the significant findings
that were indicative of the HR-ASD group and will only
briefly report symptoms found across the entire HR group.

The 26 included studies have been categorized into
three domains on the basis of the symptoms identified
in each study: social communication (12 studies), motor
behaviors (7 studies), and parental reports (8 studies) with
Ozonoff et al. (2018) appearing in both the social commu-
nication and parental report domains, as there were two
unique components to this study. Within each domain,
symptoms are presented by chronological age at which
they appeared.

Social Communication

Persistent deficits in social communication is the first
stated diagnostic criterion for ASD (DSM-5; American
Psychiatric Association 2013). Social communication
encompasses, among other, shared affect and emotions,
initiating and responding to joint attention, eye gaze, and
facial expressions directed to others, with these skills
emerging before vocal verbal behavior. At 7 months of
age, infants pertaining in the HR-ASD group performed
below comparison groups (HR-No ASD and LR) on two
specific presses from the Autism Observation Scale for
Infants (AOSI): an eye tracking task where the child has
to track an object along a horizontal plane to the side and
across midline and social referencing during the semi-
structured assessment (Gammer et al., 2015). A similar
outcome was found by Gangi, Ibafiez and Messinger
(2014) who reported that the HR-ASD infants between
8—12 months showed greater deficits in initiating joint
attention without smiling and anticipatory smiling, reaf-
firming the difficulty that HR-ASD infants present in coor-
dinating affect and gaze towards the end of the first year
of life. Gangi et al. (2018) further explored gaze towards
face across various contexts and reported that HR-no
ASD and LR groups demonstrated increased social gaze
with parent compared to an unfamiliar examiner; how-
ever, HR-ASD showed similar and lower levels of gaze
across people (i.e., an unfamiliar examiner and parent)
at 12 months of age, suggesting a difficulty responding
to social context by not differentiating the frequency
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of social attention given to a familiar versus unfamiliar
person. Additionally, infants who struggled to orient to
their name being called at nine months of age were more
likely to receive an autism diagnosis by 24 months and
show greater impairment by 36 months of age compared
to HR-no ASD groups (Miller et al. 2017). Furthermore,
Filliter et al. (2015) provided additional support that HR-
ASD infants at 12 months showed lower rates of smiling
and positive affect compared to the HR-no ASD and LR
groups and by 14 months of age HR-ASD showed margin-
ally less engagement of attention and orientation to name
than HR-no ASD during specific AOSI presses (Gammer
et al. 2015). However, when examining HR-ASD behavior
markers, more specifically total AOSI score, disengage-
ment of attention and gaze following at 12 months, Bed-
ford et al. (2016) reported these markers to reliably predict
autism at 36 months in boys only but not in girls.

Between 13 and 15 months, HR-ASD infants showed
greater delays in using gestures with 50% of the group fail-
ing to use any gestures and overall using less social interac-
tion gestures and almost no joint attention gestures compared
with LR and HR-no ASD group, showing a negative cor-
relation between the frequency and type of gestures used
at 15 months to severity of autism diagnosis at 24 months
(Gordon & Watson 2015). Parladé & Iverson (2015) also
found that between 12 and 14 months of age HR-ASD show
significantly slower growth in coordinated communication
such as combining eye gaze, facial expression, gesture and
vocalization into a single communicative signal compared
to HR-no ASD and LR-no ASD groups. Other research has
also found similar difficulties with HR-ASD infants coordi-
nating joint attention and vocalisations at 14 and 18 months
of age which seem to be unique to HR-ASD compared with
HR-no ASD or HR-LD (Heymann et al. 2018). Heymann
et al. (2018) also noted that HR-ASD infants produced less
frequent vocalizations and less complex vocalizations (pri-
marily vowel-only vocalisations) at 14 months compared
to their peers. At 15 months, lower rates of eye contact and
lower positive affect continue to differentiate the HR-ASD
group from HR-no ASD group (Nichols et al. 2014). Exam-
ining receptive and expressive communication at 12 months
of age, Lazenby et al. (2016) reported that the HR-ASD
group obtained significantly lower expressive and receptive
scores on the Mullen Scales of Early Learning compared to
the HR-no ASD and LR groups; however, there were sev-
eral words that were more often understood or produced by
the HR-ASD group compared to the other groups, although
overall the HR-ASD group understood a significantly lower
count of words.

In 2018, Ozonoff et al. prospectively examined onset
patterns of ASD, more specifically regression patterns of
social communication skills, and found that a loss of social
communication skills such as shared affect and social

@ Springer

engagement after 12 months of age was observed by clini-
cians in 88% of the HR-ASD sample whereas the HR-no
ASD and LR groups did not show any regression in social-
communication skills.

Motor Behavior

When examining fine and gross motor behavior at 6 months
of age, both HR-ASD and HR-no ASD showed motor delays
in stationary tasks such as “pull to sit” and object manipula-
tion tasks such as grasping compared to LR control group;
however, the HR-ASD group also differed from both the
HR-No ASD and LR groups in visual-motor integration
tasks such as goal directed reaching (Lebarton & Landa
2019) Estes et al. (2015). also found deficits in gross motor
skills to be the earliest indicative symptoms of autism dif-
ferentiating the HR-ASD group from the LR-no ASD group
by 6 months and differentiating from the HR-no ASD group
by 12 months of age.

Accelerated head circumference during the first year of
life has been previously identified as a biomarker of future
diagnosis of developmental delays or ASD but has not been
effective at differentiating the two (Courchesne et al. 2003;
Elder et al. 2008).

Interestingly, when examined with head tilt reflex, a
clearer differentiation between developmental delays and
ASD emerged (Samango-Sprouse et al. 2015). Beginning
around 9 months of age, when titled sideways, an infant
begins to attempt to orient their head to stay upright, known
as the head tilt reflex. It was estimated that 60% of the ASD
sample compared to only 6% of the developmental delays
sample failed the head tilt reflex test at 9 months (Samango-
Sprouse et al. 2015). Using the Mullen Scales of Early
Learning fine motor domain, a slower growth and reduced
acquisition trajectory of fine motor skills was observed
beginning at 14 months of age until 24 months in the HR-
ASD group compared with other groups (Choi et al. 2018).
Interestingly, Lebarton and Landa (2019), Samango-Sprouse
et al. (2015) and Choi et al. (2018) all reported that increased
fine and gross motor skills at 6 and 9 months were predictive
of stronger expressive and receptive language at 24 months,
suggesting that very early motor skills have a cascading
effect for developing future language skills.

Restricted and Repetitive (stereotyped) Behaviors

Often called stereotypic behaviors, repetitive behaviors and
restricted interests constitute the second autism diagnostic
criterion listed after social-communication (American Psy-
chiatric Association 2013). In a study conducted by Elison
et al. (2015), at 12 months of age both HR-ASD and HR-no
ASD groups were found to engage in more frequent ste-
reotypic object manipulation behaviors compared to the LR
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group; however, the HR-ASD engaged in significantly more
motor stereotypy than both of the comparison groups, indi-
cating that motor stereotypy had greater predictive potential
of an ASD diagnosis than object stereotypy. These results
were further supported by Wolff et al. (2014) who reported
that repetitive behaviors and restricted interests observed at
12 months of age in the HR-ASD group significantly dif-
fered from the HR-no ASD and LR groups in terms of fre-
quency and topography, with the HR-ASD group presenting
more stereotypical, self-injurious, ritualistic and restricted
topographies.

Imitation

Imitation has been considered a core deficit in children with
autism (Rogers et al. 2005) with the imitation of meaning-
less movements emitted by others (e.g. clapping or waving)
being more difficult than imitation of movements involv-
ing objects (e.g. a wooden bird that produces a chirping
sound when shaking up and down) (Rogers & Williams
2006). Similar findings have been observed in a HR-ASD
group compared to a LR group, with the HR-ASD group
at 13 months being more likely to imitate object play than
the behavior of others, showing less overall imitation and
following a delayed trajectory rather than an atypical trajec-
tory. The types of imitation observed were consistent across
both groups (HR-ASD & LR) showing that imitation which
involved object manipulation was produced far more fre-
quently than imitation involving meaningless movement at
13 months of age. (Sanefuji & Yamamoto 2014).

Parental Concerns

Beginning from 6 months of age, parents of HR-ASD infants
report higher rates of developmental concerns than HR-no
ASD and LR groups (Sacrey et al. 2015). All three groups
of parents reported similar types of concerns around similar
ages, with sleep and motor concerns being reported in the
first year of life and communication and challenging behav-
ior concerns being more commonly reported in the second
year of life. However, it was the number of concerns which
separated HR-ASD from other groups. Parents of the HR-
ASD group reported a significantly greater number of sen-
sory and motor concerns at 6 months, sensory and play con-
cerns at 9 months, sleep, sensory, social and play concerns
at 12 months, sensory, communication and social concerns
at 15 months, and sensory, motor, repetitive behaviors, com-
munication, social, play and challenging behavior concerns
by 18 months (Sacrey et al 2015). Notably, sensory con-
cerns were the only domain that consistently differentiated
the HR-ASD group from the others across all reported time
periods. In addition to identifying social communication
deficits as parental concerns at 12 months of age, Rowberry

et al. (2015) reported that the biggest differentiation between
HR-ASD and HR-ATP, HR-TD and LR-TD were deficits in
overall imitation, including vocal, motor, facial and object
imitation.

At nine months of age, the Autism Parent Screen for
Infants (APSI, Bryson et al. 2006) and The Parent Concerns
Forms (Sacrey et al. 2015) were able to predict ASD out-
comes at 36 months of age with 70% accuracy (Sacrey et al.
2020). Four out of 26 questions on the APSI were found
to distinguish HR-ASD infants from HR- no ASD and LR
risk groups by 9 months of age, these questions examined
responding to name, imitation, back and forth vocalisations
and eye contact (Sacrey et al. 2020).

Del Rosario et al. (2014) and Paterson et al. (2019) exam-
ined temperamental trajectories of infants using prospec-
tive parental reports. Del Rosario et al. (2014) found an
unusual and surprising temperament pattern distinguishing
HR-ASD from HR-no ASD in that between 6—12 months
the HR-ASD group was reported to be less active, more
adaptable and more likely to approach socially unfamiliar
targets than the HR-no ASD group. However, the HR-ASD
group demonstrated a decreasing trajectory with regards
to adaptability and approachability while the HR-no ASD
group showed an increasing trajectory with regards to these
temperamental behaviors (Del Rosario et al. 2014). Paterson
et al. (2019) reported that beginning at six months and up
until 24 months, HR-ASD infants exhibited lower surgency
(approaching, vocal reactivity, smiling, laughter and high
intensity pleasure) with the peak differences between HR-no
ASD group at 12 months of age. Between 6 and 24 months,
HR-ASD infants also demonstrated greater negative affect,
including sadness, fear, and emotional reactivity (Paterson
et al. 2019). Lastly, Paterson et al. (2019) found that HR-
ASD infants at 6 months of age show reduced levels of regu-
latory capacity which includes but not limited to orienting
to adult, soothibility and cuddliness (Table 2).

In addition to studying regression, Ozonoff et al. (2018)
examined the reliability of parental reports in general,
concluding that these are more accurate when collected
prospectively on current performance, using dimensional
ratings (e.g. rating scale from 1 to 5 to reflect frequency;
“when I call my child’s name, they look at me right away”)
and less accurate when collected retrospectively and using a
categorical rating system (e.g. since your last visit, has your
child shown significant decreases in XX). When first year
social communication skills such as social engagement were
tracked prospectively using dimensional ratings, regressive
onset comprised almost 90% of the HR-ASD sample; how-
ever, when asked retroactively and categorically if skills had
been lost or regression occurred, only 30% of parents accu-
rately identified that this had happened. Rather than solely
incorporating developmental milestones at clinical checkups
or retroactive questionnaires, assessing the same first year
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Table 2 Coding of included

; Study
studies
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Bedford et al 2016
Bresnahan et al. 2015

Choi et al. 2018

Del Rosario et al. 2014
Elison et al. 2014

Estes et al. 2015

Filliter et al. 2015

Gammer et al. 2015

Gangi, Ibaiiez et al. 2014
Gangi, Schwichte et al. 2018
Gordon & Watson 2015
Heymann, et al. 2018
Lazenby et al. 2016
LeBarton & Landa 2019
MacDonald et al. 2020
Miller et al. 2017

Nichols et al. 2014

Ozonoff et al. 2018

Parladé & Iverson 2015
Paterson et al. 2019
Rowberry et al. 2015
Sacrey et al. 2015

Sacrey et al. 2020
Samango-Sprouse et al. 2015
Sanefuji & Yamamoto 2014
Wolff et al. 2014
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skills across multiple visits using dimensional ratings may
provide significant insight into a loss of skills, signally a
high probability of an ASD diagnosis. More specifically,
when parents were asked prospectively to use a dimensional
scale to report on their child’s behaviors, 69% of the HR-
ASD parents’ responses were consistent with regression,
however, only 46% of the same sample reported prospec-
tively to categorical measures that their child lost skills.
Most notably, when parents were asked retrospectively if
their child had regressed in skills, only 29% reported regres-
sion (Table 3).

Gastrointestinal symptoms are reported more frequently
in children with ASD compared to children with devel-
opmental delays other than autism or typically develop-
ing (Bresnahan et al. 2015; Ibrahim, Voigt et al. 2009;
Wang et al. 2011). In a prospective maternal report, chil-
dren between 6—18 months who would later be diagnosed
with ASD were significantly more likely to experience
at least one gastrointestinal symptom compared to chil-
dren with developmental delays or typically developing
(Bresnahan et al. 2015). Although gastrointestinal symp-
toms may often be categorized as a biomarker rather than
a behavioral marker, some of these symptoms in children

@ Springer

with ASD, such as constipation and disordered feeding
patterns, are believed to, in part, have a behavioral etiol-
ogy, i.e. gastrointestinal symptoms are stemming from or
exacerbated by food selectivity, reduced fiber intake and
atypical toileting practises rather than physiological dif-
ferences in the gut (Buie et al. 2010; McElhanon et al.
2014; Wasilewska & Klukowski 2015). McDonald et al.
(2020) further divided high risk membership to include
single-incident families (only one older sibling with a
confirmed diagnosis) and multiplex families (two or more
siblings with a confirmed diagnosis). In the single-instance
HR-ASD group, cognitive abilities as measured by MSEL
scores and adaptive abilities as measured by VABS-II
differed from single incident HR-no ASD by 12 months
of age. The most significant findings of McDonald et al.
(2020) were regarding prevalence of diagnosis, HR infants
with two or more siblings were more than twice as likely
to receive a positive diagnosis compared to single inci-
dent high risk infants. More specifically, only 33% of HR
infants from multiplex families were considered typically
developing by 36 months of age, highlighting the need for
increased monitoring of infants with more than one sibling
with ASD (McDonald et al. 2020).
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Table 3 Quality assessment
scoring

Quality Assessment

A modified version of the Quality Assessment Tool (NIH
National Heart, Lung and Blood Institute 2017) indicated
that 15 out of 26 studies were categorized as moderate qual-
ity, while the remaining 11 scored within the high quality

(%)
~
W
(=)}
2
o)

9

—
(=)
—
—_
—
\S)

Quality Assessment Items 1 2 Total

Bedford et al. 2016
Bresnahan et al. 2015

Choi et al. 2018

Del Rosario et al. 2014
Elison et al. 2014

Estes et al. 2015

Filliter et al. 2015

Gammer et al. 2015
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Gangi, Schwichte et al. 2018
Gordon & Watson 2015
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MacDonald et al. 2020
Miller et al. 2017

Nichols et al. 2014
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Rowberry et al. 2015
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Samngo-Sprouse et al. 2015
Sanefuji & Yamamoto 2014
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Note. Questions were: (1) Was the research question or objective in this paper clearly stated? (2) Was the
study population clearly specified and defined? (3) Was the participation rate of eligible persons at least
50%? (4) Were all the subjects selected or recruited from the same or similar populations? Were inclu-
sion and exclusion criteria for being in the study prespecified and applied uniformly to all participants? (5)
Was a sample size justification, power description, or variance and effect estimates provided? (As obser-
vational cohort studies often are exploratory in nature, they often tend not to report about power or sample
sizes, however this would still result in a “no” for this item) (6) For the analyses in this paper, were the
symptoms(s) of interest measured prior to the outcome(s) being measured? (The symptoms were tracked
prospectively and the outcome of ASD was measured at 36 months) (7) Was the timeframe sufficient so
that one could reasonably expect to see an association between symptom and outcome if it existed? (i.e.
observations spanned over months rather than days) (8) Was the symptom(s) assessed more than once over
time before 18 months of age? (9) Were the outcome measures (dependent variables) clearly defined, valid,
reliable, and implemented consistently across all study participants? Included an acceptable rate of inter-
coder reliability? (10) Were the outcome assessors blinded to the exposure status of participants? (Were
the assessors blind to “High Risk” group membership?) (11) Was loss to follow-up after baseline 20% or
less? (12) Were key potential confounding variables measured and adjusted statistically for their impact on
the relationship between exposure(s) and outcome(s)? Omitted questions were: (1) For exposures that can
vary in amount or level, did the study examine different levels of the exposure as related to the outcome?
(e.g. categories of exposure, or exposure measured as continuous variable) (2) Were the exposure measures
(independent variables) clearly defined, valid, reliable and implemented consistently across all study par-
ticipants? (NHLBI 2017)

range. Questions five, eight and ten saw the most frequent
deductions in points across the body of literature. As expla-
nation for the latter, the majority of the included studies
were comprised of a HR sample, which consequently may
lead to the researchers having previous interactions with the
older sibling and/or family, thereby making it difficult to
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have researchers blind to the risk status of each participant.
Some studies reduced the potential for this bias by having
various items double-scored when blind assessment was not
possible.

Discussion

The results of the present systematic review of the literature
provide a comprehensive review of early autism symptoms,
as these are observed prospectively in HR-ASD infants. The
majority of early symptoms research continues to use HR
samples due to the comparative ease of recruitment and
higher prevalence of an ASD diagnosis among these infants
in comparison to the general population. The present study
reports on 26 studies published between January, 2014 and
May 2020 and 88% (23 out of 26) used a HR sample to study
the earliest symptoms of ASD. Prospective HR studies have
laid foundational groundwork for developing early detec-
tion screeners, albeit more research is still needed with LR
samples to determine to what extent HR-ASD early markers
are generalizable to LR-ASD populations. As much of the
early signs research guides the development of early detec-
tion assessments and screening tools, we might be failing to
identify ASD in populations that do not have an increased
genetic risk, as this population would not necessarily be
included in studies employing HR samples that very often
involve the sibling of an older child diagnosed with ASD.
Also, only two of the 26 studies separated genders when
analyzing results. It is hypothesized that ASD presents dif-
ferently in girls, both during the initial onset and in full
manifestation of the disorder. Future efforts should focus
on whether early symptoms present equally across both gen-
ders or which symptoms are differentiated between males
and females.

Regression of Skills as its Own ‘Early Sign’

Developmental regression refers to a loss of acquired skills
that is not explained by traumatic brain injury or by distress-
ing events. Up until recently, regressive onset was believed
to be a rare occurrence in children with autism, this was
in part due to a lack of a consistent operational definition
or a standardized measurement tool to capture its occur-
rence (Zhang et al. 2019; Zwaigenbaum 2019). Furthermore,
regressive onset can be more difficult to capture by clini-
cians, as it has usually already occurred prior to the par-
ent seeking out treatment (Zwaigenbaum 2019). A major
contribution to the understanding of the under-estimated
prevalence of regressive onset ASD and how to more accu-
rately capture a decreasing trajectory of skills, Ozonoff et al.
(2018) have provided a framework with significant practi-
cal applications which can easily be adopted by clinicians.
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When using a prospective dimensional approach to monitor
regression, regression of first year social communicative
skills was reported in 88% of the sample by clinicians, in
other words, 88% of HR-ASD infants showed losses in first
year skills whereas, regressive trajectories were not observed
in the comparison groups of HR-no ASD or LR-no ASD,
implying that observed regression in any group other than
HR-ASD would be quite rare and unexpected. However, how
regression is being monitored and the rating system used is
essential to proper detection. When first year social com-
munication skills such as social engagement were tracked
prospectively using dimensional rating, regressive onset
comprised almost 90% of the HR-ASD sample; however,
when asked retroactively and categorically if skills had been
lost or regression occurred, only 30% of parents accurately
identified that this had taken place. Rather than solely incor-
porating developmental milestones at clinical checkups or
retroactive questionnaires, assessing the same first year skills
across multiple visits using dimensional ratings may provide
significant insight into a loss of skills, signally a high prob-
ability of an ASD diagnosis. Such an approach would also
allow parents to complete the assessment remotely, enabling
rural or low-resourced populations to access a reliable yet
low effort and low cost means of identifying ASD early on.
A review by Ozonoff and losif (2019) reiterate the point that
regressive onset is now believed to be the rule rather than
the exception.

Motor Skills

Fine and gross motor skills continue to be among the earliest
observable signs and have demonstrated consistent correla-
tions to future expressive and receptive language skills by
24 months of age, signaling that early motor skills have a
cascading effect on future language (Choi et al. 2018; Lebar-
ton & Landa 2019; Rowberry et al 2015; Sacrey et al 2015;
Sanefuji & Yamamoto 2014). The importance of early intact
fine and gross motor skills continues to be consistently docu-
mented; thus, it is increasingly important to develop stronger
interdisciplinary approaches to pre-diagnostic intervention
to include a larger emphasis on pediatric occupational and
physical therapists that can support the development of these
pivotal skills.

Parental Concerns

Research covering prospective parental concerns within the
HR-ASD group has demonstrated validity over the course of
many studies (Del Rosario et al. 2014; Rowberry et al. 2015;
Sacrey et al. 2015). Parents are the experts on their chil-
dren and have more knowledge about the child’s everyday
functioning (Ozonoff et al. 2018), therefore their reports can
be key in identifying infants at risk. Parental report should
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continue to be an imperative component in early detection
screeners in addition to clinical observation. Additionally,
infants with two or more older siblings with ASD were two
times more likely to be diagnosed compared to infants with
only one older sibling, thus children from multiplex families
should be monitored diligently for early symptoms (Mac-
donald et al. 2020).

Excesses and Deficits

The earliest markers of ASD often appear as skill deficits or
decreased frequency of age appropriate behaviors rather than
excesses of atypical behavior, making it more difficult to
identify symptoms without comparing progress to a typically
developing group. In the current review, 16 of the 19 studies
reported on markers which are considered to be behavior
deficits, i.e. deficits in eye gaze, attention, fine motor skills,
social smiling, positive affect, visual tracking, joint atten-
tion, gestures, receptive language, visual motor integration,
imitation and reflexes, meaning that the child is engaging in
all of these behaviors however at a decreased frequency or
duration, with an atypical topography or at a delayed trajec-
tory in comparison to their typically developing peers.

On the other hand, only three studies reported on behavior
excesses which included rigid and repetitive behaviors and
gastrointestinal symptoms. The understanding of behavioral
excesses, and their infrequent onset as an early symptom
is critical to further developing early detection tools which
capture both behavioral excesses but more importantly
behavioral deficits. The earliest signs more often present in
the form of deficits or decreased frequency of typical behav-
iors, rather than the excess or addition of atypical behavio-
ral symptom such as rigid repetitive behaviors. Thus, with
the majority of early symptoms emerging as deficits, early-
screening tools should focus on comparing the frequency
of typical behaviors (e.g. such as initiating joint attention,
using gestures, imitating, etc.) in those at risk to expected
frequencies of typical development.

Notable Findings for Studies which were Excluded
from Review

Dozens of additional important studies have been published
in the previous five years but were not included in the cur-
rent SLR due to not meeting inclusion criteria. Many studies
either did not report on final diagnostic outcomes or their
findings were not significantly differentiated between HR-
ASD and HR-no ASD. Nonetheless, there are notable results
that can have important implications for future research.

A systematic review of parent-infant interaction in infants
at risk of autism focused on the differences in parent-infant
interaction styles to determine how atypical emergence of
social communication in the infant effects the interactive

behavior of the parent across HR-ASD, HR-no ASD and LR
groups (Wan et al. 2019). Overall, parental interactions with
HR infants demonstrated lowered interactive reciprocity
with infants who displayed preverbal communication delays,
deficits in gestures use and vocal-gesture coordination and
limited variation in babbling, in that when infants displayed
such behaviors some parents responded with decreasing
reciprocity and social input towards the infant (Landa et al.
2007; Ozonoff et al. 2011; Yoder et al. 2009). A study by
Chawarska et al. (2016) evaluated differences in social atten-
tion for female HR siblings to further investigate the finding
that females are four time less likely to be diagnosed with
ASD than males. This study utilized eye-tracking devices
to observe orienting to social stimuli at 6, 9 and 12 month
intervals and found that HR females showed greater social
attention towards faces than HR males but also more social
attention than LR males and females. Although the results
did not look at final outcome of diagnosis, the finding that
HR female infants are engaging in higher than normal rates
of social referencing could be a significant barrier to early
diagnosis for females as it is often a lack of social orienting
and eye-contact that trigger parental concerns.

A handful of studies have examined differences in vocali-
zations and cries within the first year of life, finding that HR
infants and more specifically HR-ASD infants will exhibit
shorter cry units than LR-infants although phonation, overall
duration and frequency did not significantly differ across
groups (Uniwin et al. 2017). A similar study examined
canonical vocalizations across infants at risk and revealed
that infants in the LR group engaged in significantly more
variation and frequency of well-formed consonant—vowel
syllables than the HR infants, however HR-ASD and HR- no
ASD did not show significant differences from each other
(Garrido et al. 2017).

Numerous studies have examined delays or atypical
motor development in HR infants, while motor imitation
ability at 12 months has been positively correlated to expres-
sive vocabulary by 18 months across HR and LR groups
(Edmunds et al. 2017; Ingersoll et al. 2008; McDuffie &
Yoder 2010). The ability to engage in responding to joint
attention such as following an adult’s point or eye-gaze and
imitation together were better predictors of expressive lan-
guage across HR and LR groups. This is believed to be in
part due to the motor skills required to imitate others plus
responding to joint attention are both needed to develop a
more sophisticated social communication repertoire includ-
ing higher levels of expressive language (Edmunds et al.
2017). Leonard et al. (2015) showed that poorer early motor
skills tested on the MSEL at 7 months of age predicted
poorer expressive communication outcomes at 18 months of
age. As children move from crawling to being able to walk,
they are better equipped to engage in a higher frequency of
sharing objects with others, as their hands are free, and they
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have the ability to more quickly access the adult compared
to crawling. However, HR infants at 14 months of age dis-
played greater deficits in postural control and engaged in
fewer posture changes, less sophisticated postures and more
time sitting than LR infants, leading to less frequent object
sharing with adults (Srinivasan & Bhat 2016). Furthermore,
motor abilities required to engage in object exploration dif-
fered in HR and LR groups as early as at 6 months and
continued to develop differently through the first year of
life. Typically developing infants displayed greater ability
to grasp a rigid ball at 6 months and more purposeful drop-
ping of objects at 9 months compared to HR infants (Kaur
et al. 2015; Libertus & Shepard 2014). Object exploration
is believed to have a cascading effect on communication and
cognition and HR infants were found to significantly differ
from LR infants at 6 and 9 months of age with regards to vis-
ual and oral object exploration (Korteba et al. 2014). Infants
at 10 months of age differed in their ability to demonstrate a
reach to grasp of preferred object with HR infants showing
a delayed impaired ability of the skills compared to the LR
controls Ekberg et al. (2016). Although motor impairments
are not considered to be a key diagnostic characteristic of
ASD, motor impairments seem to be consistently one of the
earliest observable signs which differentiate HR from LR
infants and could potentially provide a valuable addition to
the current diagnostic criteria.

Other early signs research has examined the onset of
sensory differences by examining the behavioral response
patters or HR and LR infants to sensory stimuli. Atypical
sensory responses include hypo-responsivity, hyper-respon-
sivity and sensory seeking behavior. Sensory seeking behav-
ior is defined as the enhancement or prolonging of a non-
social object or event such as mouthing objects, visually
examining spinning objects, or intensely rubbing various
surfaces (Ben-Sasson et al. 2009). Atypical sensory seek-
ing behaviors during the first 18 months of life were seen to
be the most common sensory responses among HR infants
and HR infants displayed significantly more sensory seeking
behaviors than LR infants at 18 months of age (Damiano-
Goodwin et al. 2018). Infant development relies on infants
to understand the connection between their actions and the
consequences presented by their environment by using pre-
viously obtained information and applying that information
to new contexts. An inability to apply previous knowledge
to changing contingencies could have significant impacts
on the infant’s ability to acquire new behaviors. Using two
identical looking baby rattles, one which made sound upon
shaking and one that was silent, typically developing infants
would show extinction burst behavior when given the rat-
tle that was silent after they had engaged with the rattle
which made a noise, demonstrating a generalized expecta-
tion that rattles should make noise based on their previous
knowledge. However, HR infants did not demonstrate this
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extinction burst behavior and began shaking the silent rattle
with a much lower intensity thereby not transferring expec-
tations of a previous environmental contingency (Northup
et al. 2017).

Limitations

It is important to examine the quality of studies that com-
prise a SLR or meta-analysis. The quality assessment for the
present SLR revealed that six of the 19 studies or approxi-
mately 32% of the studies obtained a moderate quality score
whereas the remaining 68% of the studies were considered
high quality. The predecessor literature review examining
early signs of ASD research (Zwaigenbaum et al. 2015) not
only does not utilise a replicable review methodology but
also does not contain a quality assessment of the studies
included.

The second limitation of the present SLR is that only two
of the 19 studies (approximately 10%) used a normative pop-
ulation sample and not a high-risk sample. There is a logisti-
cal and statistical tendency for researchers to use a high-risk
sample of children when studying early signs of ASD, how-
ever this can create limitations with the generalizability of
the results. Of the 17 studies included in the SLR which used
a HR sample, HR-no ASD and LR-no ASD developed as dis-
tinct groups with the HR- no ASD group showing less symp-
toms than the HR- ASD group however less symptoms than
the LR- no ASD group. As it is difficult to recruit a large
LR-ASD group for a prospective infant study, the majority of
the research has been conducted with high risk populations
therefore it is unclear to what extent the findings general-
ize to a low risk population (Zwaigenbaum et al. 2015). As
much of the early signs research guides our awareness and
dictates the development of early detection assessments and
screening tools, we may be failing to identify ASD in low
risk populations (such as the first child population) that do
not have an increased genetic risk. The earliest signs of ASD
appear to take on a heterogenous trajectory where no single
sign has been identified as a reliable indicator when exam-
ined in isolation and instead assessing each additional early
symptom as posing a cumulative risk has proven reliable.
Acknowledging that ASD cannot yet be determined by one
symptom underscores the importance of using early screen-
ing tools which examine cumulative risk. It is imperative
that clinicians and practitioners are using these tools along
with clinical judgment and parental reports to guide ASD
risk and developmental surveillance.

Lastly, search terms were limited in scope to “early
signs” or “early detection” or “early symptoms” and “pro-
spective” and “autism” or “Autism Spectrum Disorder” or
“ASD”. Using wider search terms could have led to more
relevant studies being retrieved. In light of the fact that we
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only identified one additional reference as relevant through
manual searches, we trust that the number of potentially
relevant but omitted studies is negligible.

Future Directions

Due to a heterogeneous and complex onset of the earliest
signs of autism, no single sign has been identified as a
reliable indicator when examined in isolation. One very
important finding of this study is the fact that regression
seems to be exclusive to HR-ASD and does not overlap
with HR-no ASD. Future development of regression tools
which use prospective and dimensional data of current
frequency of social behaviors show promise in identifying
greater true positive and fewer false positive cases com-
pared to other screening tools (i.e. increasing specificity).
However, more research is needed in this direction.

Additional established early behavioral symptoms of
ASD, such as deficits in fine and gross motor control,
joint attention, babbling frequency and variety of vocali-
zations, motor and vocal imitation, orienting to name and
decreased positive affect, social smiling, object explora-
tion and use of gestures should be understood as posing
a cumulative risk, i.e. the more symptoms the greater the
risk. Cumulative risk thresholds have been established
and tested across multiple early detection tools. There-
fore, it is imperative for early childhood stakeholders (doc-
tors, nurses, teachers, clinician, etc.) to rely on the use of
established early screening tools such as the M-CHAT-
R/F (Robins et al. 2014), the STAT (Stone et al. 2004),
the POEMS (Feldman et al. 2012), the ITC (Wetherby &
Prizant 1993), or semi-structured tools such as the AOSI
(Bryson et al. 2008), ADOS (Gotham et al. 2006), ADI-R
(Lord et al. 1994), in order to understand the full pres-
entation of symptoms. These screeners and assessments
should be used to guide decisions regarding at-risk status
and follow-up assessments together with clinical judgment
and parental reports.

Future directions will need to examine if regression is
more likely in a HR-ASD sample compared to a LR-ASD
sample, i.e. whether a loss of skills is a good indicator of
ASD regardless of risk status or whether regression is more
uniquely a symptom within the children who already have a
sibling with ASD. Additionally, an important future direc-
tion to further address this finding would be to develop a
screening tool which will use prospective and dimensional
reporting to track regression of skills over the first year of
life. Enabling parents with the tools to prospectively track
their child’s development could allow for earlier identifica-
tion, diagnosis and treatment.

Furthermore, having additional ways to identify atypical
development allows parents and practitioners to intervene
prior to the full onset of the diagnosis.

Other key findings of the present SLR corroborate previ-
ous findings that delayed motor skills, or atypical stereo-
typed or repetitive motor skills are indicators of ASD (Choi
et al 2018; Elison et al. 2014; Lebarton & Landa 2019;
Sacrey et al. 2015; Samango-Sprouse et al. 2015; Wolff et al.
2014). Additionally, social communicative behaviors such
as the use of gestures, eye gaze, social smiling, anticipatory
smiling, responding to name, and various forms of imitation
continue to make up the bulk of the research regarding the
earliest symptoms, however often times these behaviors are
still present in the HR-ASD population but reported as less
frequently occurring than in HR-no ASD and LR compari-
son groups (Bedford et al. 2016; Filliter et al. 2015; Gam-
mer et al. 2015; Gangi et al. 2014; Gangi, Schwichtenberg
et al.2018; Gordon & Watson 2015; Nichols et al. 2014;
Rowberry et al. 2015; Sanefuji & Yamamoto 2014). The
understanding that the majority of social communicative
early symptoms appear as deficits or are observed less fre-
quently contributes to the difficulty of early identification of
ASD symptoms, as infants who will later go on to receive a
diagnosis are engaging in social communicative behaviors
but often less frequently than typically developing children,
making it difficult to the untrained eye to identify them.
This provides further support to the notion that prospective
dimensional screening tools may allow for more accurate
observation of a current frequency of social communicative
behaviors which can be compared against norms of neuro-
typical development. Many of the current early symptom
screeners such as the most commonly used M-CHAT,
require a retroactive and categorically forced choice rather
than a prospective dimensional rating. i.e. “Does your child
look you in the eye for more than 1 s? Yes or No”. The accu-
racy of early screening tools could potentially be improved
by changing such question to “In the next ten minutes tally
the number of times your child looks you in the eye” and
then have that frequency compared to typical norms. Further
research would be required to test such hypothesis.
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