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Visual Abstract
IMPORTANCE Intervention for individuals with autism spectrum disorder (ASD) typically
commences after diagnosis. No trial of an intervention administered to infants before
diagnosis has shown an effect on diagnostic outcomes to date.

Supplemental content

OBJECTIVE To determine the efficacy of a preemptive intervention for ASD beginning during
the prodromal period.

DESIGN, SETTING, AND PARTICIPANTS This 2-site, single rater-blinded randomized clinical trial
of a preemptive intervention vs usual care was conducted at 2 Australian research centers
(Perth, Melbourne). Community sampling was used to recruit 104 infants aged 9 to 14
months showing early behaviors associated with later ASD, as measured by the Social
Attention and Communication Surveillance-Revised. Recruitment occurred from June 9,
2016, to March 30, 2018. Final follow-up data were collected on April 15, 2020.

INTERVENTIONS Infants were randomized on a 1:1 ratio to receive either a preemptive
intervention plus usual care or usual care only over a 5-month period. The preemptive
intervention group received a 10-session social communication intervention, iBASIS-Video
Interaction to Promote Positive Parenting (iBASIS-VIPP). Usual care comprised services
delivered by community clinicians.

MAIN OUTCOMES AND MEASURES Infants were assessed at baseline (approximate age, 12
months), treatment end point (approximate age, 18 months), age 2 years, and age 3 years.
Primary outcome was the combined blinded measure of ASD behavior severity (the Autism
Observation Scale for Infants and the Autism Diagnostic Observation Schedule, second
edition) across the 4 assessment points. Secondary outcomes were an independent blinded
clinical ASD diagnosis at age 3 years and measures of child development. Analyses were
preregistered and comprised 1-tailed tests with an a level of .05.

RESULTS Of 171 infants assessed for eligibility, 104 were randomized; 50 infants (mean [SD]

chronological age, 12.40 [1.93] months; 38 boys [76.0%)]) received the iBASIS-VIPP preemptive

intervention plus usual care (1infant was excluded after randomization), and 53 infants (mean

[SD] age, 12.38 [2.02] months; 32 boys [60.4%]) received usual care only. A total of 89

participants (45 in the iBASIS-VIPP group and 44 in the usual care group) were reassessed at age

3years. The iBASIS-VIPP intervention led to a reduction in ASD symptom severity (area between

curves, -5.53; 95% Cl, - to -0.28; P = .04). Reduced odds of ASD classification at age 3 years

was found in the iBASIS-VIPP group (3 of 45 participants [6.7%]) vs the usual care group (9 of 44

participants [20.5%]; odds ratio, 0.18; 95% Cl, 0-0.68; P = .02). Number needed to treat to

reduce ASD classification was 7.2 participants. Improvements in caregiver responsiveness and Author Affiliations: Author

language outcomes were also observed in the iBASIS-VIPP group. affiliations are listed at the end of this
article.

CONCLUSIONS AND RELEVANCE Receipt of a preemptive intervention for ASD from age 9 .
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utism spectrum disorder (ASD) is a neurodevelopmen-
tal disorder characterized by impairments in social in-
teraction and communication as well as a repetitive
and/or restricted range of behaviors and interests.! Autism spec-
trum disorder is emergent in early development but is not typi-
cally diagnosed until age 3 years,? and current clinical
guidelines®* highlight diagnosis as a catalyst in the clinical
pathway to commence therapeutic intervention. However, in-
terventions beginning during the first 2 years of life, when the
first signs of atypical development are observed and the brain
is rapidly developing, may lead to an even greater impact on
developmental outcomes in later childhood.>®
Previous randomized clinical trials of preemptive inter-
ventions have not demonstrated intervention effects on ASD
symptom emergence.”'*> However, recent advances in devel-
opmental science have provided key insights into potential in-
particularly regarding the ways
in which adapted caregiver interaction styles can modify the
effect of existing infant vulnerabilities in social attention
on later development.!®?! The iBASIS-Video Interaction to Pro-
mote Positive Parenting (iBASIS-VIPP) intervention targets
these developmental processes using video feedback tech-
niques to increase caregiver awareness of their infant’s indi-
vidual social communication and guide specific caregiver re-
sponses to build infant social engagement and interaction. An
initial pilot study found that the iBASIS-VIPP intervention was
acceptable to parents and infants.?? A randomized clinical trial
of 54 infants with an increased familial likelihood of ASD (based
on having a sibling with ASD) found that receipt of the iBASIS-
VIPP intervention from age 9 months led to a significant re-
duction in the severity of emerging ASD symptoms over the
prodromal period when measured up to age 3 years.?*2* How-
ever, this initial randomized clinical trial was underpowered
to measure treatment effects on categorical ASD diagnosis, so
the clinical significance of this finding remains uncertain.
The Australian Infant Communication and Engagement
Study?® provided the first well-powered test of the iBASIS-VIPP
intervention among infants showing early behavioral signs of
ASD. At the intervention end point (age 18 months), there was
no difference between infants receiving iBASIS-VIPP vs usual care
on researcher-administered measures of infant behavior. The
current study is an examination of the longitudinal outcomes
of the Australian cohort to 24 months after baseline (age 3 years),
the time at which categorical ASD diagnosis can be examined.
On the basis of theory and clear results from the previous selec-
tively sampled clinical trial,>*-2* along with the absence of re-
ported harms in that clinical trial and in previous pilot work,??
our prespecified directional hypothesis was that use of the iBA-
SIS-VIPP intervention during infancy would reduce ASD symp-
tom severity and the odds of ASD diagnosis and improve a range

tervention mechanisms,!41®

of developmental outcomes.

Methods
Study Design

The study was a 2-site (based in Perth and Melbourne, Aus-
tralia), single rater-blinded randomized clinical trial of an in-
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Key Points

Question Does preemptive intervention compared with usual
care reduce the severity of autism symptoms and the likelihood of
an autism spectrum disorder (ASD) diagnosis in infants showing
early signs of ASD?

Findings In this randomized clinical trial of 103 infants showing
early behavioral signs of ASD, preemptive intervention led to a
statistically significant reduction in the severity of ASD behaviors
across early childhood. Infants who received the preemptive
intervention had lower odds of meeting diagnostic criteria for ASD
(7%) than those who received usual care (21%) at age 3 years, with
anumber needed to treat of 7 participants.

Meaning This study found that a preemptive intervention
reduced ASD diagnostic behaviors when used at the time atypical
development first emerges during infancy.

tervention conducted over a 5-month period with medium-
term developmental follow-up. Participants were recruited
from June 9, 2016, to March 30, 2018. Assessments were con-
ducted at baseline, 6 months after baseline (treatment end
point), 12 months after baseline, and 24 months after base-
line. The final 24-month postbaseline assessment was con-
ducted on April 15, 2020. The clinical trial was approved by
the human research ethics committees at Princess Margaret
Hospital (Perth) and La Trobe University (Melbourne), and each
family provided written informed consent. This study fol-
lowed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline for randomized clinical trials.
The trial protocol is available in Supplement 1, and further
methodological details are provided in eMethods 3 in
Supplement 2.

Participants

Families were referred by community clinicians and invited
to participate if (1) the infant was between age 9 months and
less than 15 months (corrected for prematurity) at eligibility
screening, (2) the infant displayed at least 3 of 5 specified be-
haviors indicating a high likelihood of ASD as defined by the
Social Attention and Communication Surveillance-Revised
(SACS-R) 12-month checklist,?®:2” and (3) the primary care-
giver spoke sufficient English to participate in the interven-
tion. Families were excluded if (1) the infant had a diagnosed
comorbidity known to affect neurological and developmen-
tal abilities and/or (2) the family did not intend to remain resi-
dents in the local area for the clinical trial duration.

The SACS-R is administered by clinicians to identify in-
fants and children showing early behavioral signs of ASD.26-28-29
The checklist on the 12-month version of the SACS-R in-
cludes 5 specified behaviors that are evaluated to determine
whether the infant has a higher likelihood of ASD: spontane-
ous eye contact, protodeclarative pointing, social gestures, imi-
tation, and response to name. A pattern of atypical behavior
on at least 3 of these items suggests an increased likelihood of
an ASD diagnosis in later childhood. In previous community
validation studies,?%-3*° when administered repeatedly at ages
12,18, and 24 months, the SACS-R had excellent psychomet-
ric properties for identifying ASD (positive predictive value,
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82%-83%; negative predictive value, 98%-99%; sensitivity,
77%-82%; specificity, 99.0%-99.5%). The current study ad-
ministered the SACS-R at a single assessment point only (be-
tween age 9 months and <15 months) as a means of identify-
ing infants eligible for clinical trial entry.

Randomization and Blinding

Eligible participants were randomized on a 1:1ratio via a com-
puter algorithm run by a clinical trial coordinator (K.V.), who
communicated directly with the clinical team. Infants were ran-
domized to receive either the iBASIS-VIPP intervention plus
usual community care or usual community care only. Ran-
domization was performed by minimization stratified by site
(Perth or Melbourne), infant sex (male or female), number of
behaviors indicating a higher likelihood of ASD on the SACS-R
(endorsement of 3, 4, or 5 behaviors), and age range at recruit-
ment (9-11 months or 12-14 months), with randomization de-
termined by a biased coin with a probability of 0.7. The re-
search staff conducting the assessments (S.P., M.B., L.C., S.D.,
and M.H.) were independent of the clinical teams administer-
ing the iBASIS-VIPP intervention (J.D., M.R., C.R., M.G., and
S.W.); they were housed in separate buildings and unaware of
the nature of the iBASIS-VIPP intervention (including hypoth-
esized treatment mechanisms), the randomization methods,
and the group allocations. Because the intervention was parent-
mediated, families could not be blinded to group allocation.

Intervention

The iBASIS-VIPP is a version of the Video Interaction for Pro-
moting Positive Parenting program, which was modified for
the ASD prodrome.> The intervention involved 10 sessions de-
livered in family homes by a trained therapist (J.D., M.R., C.R.,
M.G., or S.W.) over a 5-month period. Caregiver-infant inter-
actions were videotaped during each session, which pro-
vided the basis for video feedback discussion. Core aspects of
the iBASIS-VIPP intervention included (1) a focus on the social-
communicative aspects of each parent-infant dyad, (2) view-
ing of videotaped interaction excerpts that provided positive
examples of infant behaviors and responsive caregiver inter-
actions, and (3) therapist framing of observations, assistance
with caregiver self-reflection, and focus on change in the care-
giver’s communicative responses to the infant (the interven-
tion manual is available in eMethods 1in Supplement 2). Care-
givers were asked to undertake daily home practice using
targeted skills when interacting with their infant. Any ad-
verse events associated with the intervention were recorded
by the therapist at the end of each session based on clinical ob-
servation and solicited parent reporting. The principal inves-
tigator (A.J.O.W.) determined whether the event was causally
related to the intervention (ie, an adverse effect).

Usual community care comprised services recommended by
health professionals within the local community, including a
range of allied health services, comprehensive autism interven-
tions, or no services. During the 5-month treatment phase, par-
ents in both groups completed a weekly diary in which they re-
corded all contact with health professionals external to the study.
At the 12-month and 24-month postbaseline assessments, par-
ents were asked to record any community care their infants had
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received between study assessments. The assessments took place
in a research setting at the Telethon Kids Institute (Perth) and
La Trobe University (Melbourne).

Primary Outcomes

The primary outcome was ASD symptom severity over time,
which was assessed by 2 direct observation measures that were
conceptually analogous and appropriate for different develop-
mental stages; this approach to outcome assessment has been
successfully used in previous clinical trials of ASD.?432 At the
baseline and treatment end point assessments, the Autism Ob-
servation Scale for Infants (AOSI)>* was used to measure early
behavioral signs associated with ASD. The 19-item version of the
AOSIwas administered, which includes 16 scoring items (range,
0-38 points, with higher scores indicating higher ASD risk be-
haviors); a total score of 9 points or higher at age 12 months in-
dicates clinical levels of developmental difference.>® The Au-
tism Diagnostic Observation Schedule, second edition
(ADOS-2),3* was used at the 12-month and 24-month postbase-
line assessments to measure ASD behaviors. The ADOS-2 tod-
dler module was administered at the 12-month postbaseline as-
sessment, with the total score (range, 0-28 points) as the outcome
variable. At the 24-month postbaseline assessment, 1 of 2 ADOS-2
modules was administered depending on whether children had
minimal language (module 1) or phrase-level language (mod-
ule 2). The ADOS-2 calibrated severity score (range, 1-10 points),
which was developed to facilitate comparison across different
developmentally staged ADOS-2 modules,> was the outcome
variable. Higher ADOS-2 total and calibrated severity scores rep-
resent greater severity of ASD symptoms. The interrater reliabil-
ity of coding in the study was found to be very good for both AOSI
scores (intraclass r = 0.83-0.88 for 20 videos) and ADOS-2 scores
(intraclass r = 0.88-0.91 for 29 videos). Further information on
interrater reliability is available in eMethods 3 in Supplement 2.
Assessors who conducted and coded the AOSI and ADOS-2 as-
sessments (S.P., M.B., L.C., C.C.G., J.S., and K.H.) were blinded
to group allocation.

Secondary Outcomes

Clinical ASD Diagnosis

Two independent clinicians (A.C. and L.M.) who were expe-
rienced in ASD diagnosis and blinded to group allocation re-
viewed all clinical information collected on infants attending
the 24-month postbaseline assessments (age 3 years). Follow-
ing a prespecified protocol (eMethods 4 in Supplement 2), the
clinicians assessed participant status on each of the 7 diag-
nostic criteria specified for ASD in the Diagnostic and Statisti-
cal Manual of Mental Disorders (Fifth Edition) (DSM-5)*; these
criteria were Al (deficits in social-emotional reciprocity), A2
(deficits in nonverbal communicative behaviors used for so-
cial interaction), A3 (deficits in developing, maintaining, and
understanding relationships), Bl (stereotyped or repetitive mo-
tor movements, use of objects, or speech), B2 (insistence on
sameness, inflexible adherence to routines, or ritualized be-
havior), B3 (highly restricted fixated interests that are abnor-
mal in intensity or focus), and B4 (hyperreactivity or hypore-
activity sensory input or unusual sensory interests). The
clinicians used these criteria to reach a consensus diagnostic
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outcome in the following categories: (1) ASD, indicating that
adiagnosis of ASD consistent with DSM-5 criteria could be made
with high confidence; (2) possible ASD, indicating that autis-
tic traits were present but not sufficient to provide a diagno-
sis of ASD with high confidence; (3) other developmental con-
cerns, indicating that developmental concerns were present
but not indicative of ASD; and (4) no developmental con-
cerns, indicating that development was within normal limits.
Following the approach used by Green et al,?* these catego-
ries were analyzed as 3 groups: clinical ASD (representing defi-
nite ASD), atypical development (representing possible ASD
or other developmental concerns), and typical development
(representing no developmental concerns).

Parent-Child Interaction

The Manchester Assessment of Caregiver-Infant Interaction
(MACI)*® is a global rating measure of a 6-minute parent/
caregiver and infant play session, video coded based on sub-
scales ranging from 1 to 7 points (with higher scores indicat-
ing greater quality of parent-child interactions). The
prespecified subscales of interest were caregiver sensitive re-
sponsiveness, caregiver nondirectiveness, infant attentive-
ness, and infant positive affect. The interrater reliability of cod-
ing in the study was good to high (intraclass r = 0.70-0.93 for
29 videos). Further information on interrater reliability is pro-
vided in eMethods 3 in Supplement 2. Al MACIrecording and
coding was conducted by assessors (D.B., A.C., D.F.P., and
M.W.W.) who were blinded to group allocation.

Developmental and Parent Outcomes

Assessors (S.P., M.B., L.C., S.D., and M.H.) blinded to group al-
location administered the Mullen Scales of Early Learning,>”
astandardized assessment of developmental abilities. The pre-
defined subscales of interest were receptive language (score
range, 0-48 points), expressive language (score range, 0-50
points), visual reception (score range, 0-50 points), and fine
motor (score range, 0-49 points); for each subscale, higher
scores indicated greater developmental ability. Because of floor
effects at baseline,?® raw scores were used. The Vineland Adap-
tive Behavior Scales, second edition (VABS-II)*® provided a non-
blinded caregiver-reported measure of functional skills that
are relevant for everyday living. The communication (score
range, 20-160 points) and socialization (score range, 20-160
points) subscales of interest were prespecified using age-
normed standard scores, with a mean (SD) of 100 (15) points;
higher scores on these subscales indicated greater functional
skills. The MacArthur Communicative Development
Inventories® provided a nonblinded caregiver-reported mea-
sure of early vocabulary. Prespecified outcomes of interest were
expressive vocabulary count (score range, 0-678 points), re-
ceptive vocabulary count (score range, 0-678 points), and total
gestures count (score range, 0-63 points), with higher scores
indicating increased skills. The Parenting Sense of Compe-
tence (PSOC) scale?® was used to measure the caregiver’s own
sense of parenting efficacy across 3 subscales: satisfaction
(score range, 6-36 points), efficacy (score range, 5-30 points),
and interest (score range, 3-18 points), with higher scores in-
dicating greater parental sense of competence.
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Statistical Analysis
The intention-to-treat analysis followed a statistical analysis plan
(Supplement 1) that was prespecified in outline before the
completion of treatment end point assessments, with final de-
tail completed after the initial analysis of data from the treat-
ment end point but before the unblinding of the 12-month and
24-month data.*! All analyses were conducted by clinical trial
statisticians (W.B. and M.N.C.). Considering the positive effects
and absence of harm found in the initial clinical trial of the iBASIS-
VIPP intervention,?> analyses were prespecified within a 1-sided
superiority framework (using 95% Cls and significance tests).
Using methods from previous research,?#3? treatment ef-
fect estimates for continuous variables were combined across
the 4 assessments using seemingly unrelated regressions,*?
which were estimated by maximum likelihood using the la-
vaan package in R software, version 4.03 (R Foundation for Sta-
tistical Computing). This approach allows participants with
missing values for outcome variables and/or covariates to be
included in the model. A Cohen d effect size was calculated
for each measure using the within-group SD at each assess-
ment. Each analysis was covaried for the relevant baseline score
in addition to the specified site, participant age at assess-
ment, number of high-likelihood SACS-R items endorsed, and
group allocation. The multiple point estimates were then com-
bined into an area between curves (ABC), reflecting the cu-
mulative between-group difference over time, and a Wald test
was used to calculate the individual effect estimates and their
parameter covariance. Confidence intervals for the effect size
areas were obtained via a bootstrapping with replacement pro-
cedure with 1000 resamples. Based on previous research,?? the
study was powered to detect a 0.52 SD difference (a = .05) in
AOSI total score change at treatment end point (using an in-
dependent-samples t test). At study commencement, no
within-subject correlation data were available to perform power
analyses of the longitudinal ABC analysis. Assuming a corre-
lation of less than 1, this analysis had greater power than a single
time point analysis to detect the same sized effect.*®
Differences between treatment groups in the attainment
of each of the 7 individual DSM-5 diagnostic criteria were first
analyzed using a Fisher exact test followed by a logistic re-
gression analysis, which allowed control for the important co-
variates (infant age at the 24-month postbaseline assessment
[age 3 years], baseline AOSI scores, and sex) incorporated into
the analyses of the other primary and secondary outcomes. Au-
tism spectrum disorder diagnostic status was examined as a
3-level variable (ASD, atypical development, and typical de-
velopment) using a Fisher exact test, and the binary outcome
variable (ASD vs no ASD) was investigated using logistic re-
gression analysis and covariates. Only participants who at-
tended the 24-month postbaseline assessment at age 3 years
were included in these analyses.

. |
Results

A total of 171 infants and their families were assessed for eligi-
bility. Of those, 104 families (66 from Perth and 38 from Mel-
bourne) were enrolled and randomized; 50 infants received the
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Figure 1. CONSORT Flow Diagram

171 Infants assessed for eligibility

e

67 Excluded
46 Did not meet inclusion criteria
20 Declined participation
1 Identical twin of already enrolled
infant

104 Randomized )

51 Randomized to receive
iBASIS-VIPP intervention
50 Received iBASIS-VIPP
intervention
1 Withdrew because of English
language requirement

!

53 Randomized usual care
53 Received usual care

5 Unavailable for follow-up
3 Unable to make contact
1 At treatment end point
2 At second follow-up
2 Moved residence by first follow-up

8 Unavailable for follow-up
5 Unable to make contact
2 At treatment end point
2 At first follow-up
1 At second follow-up
1 No longer interested in
participation at treatment end point
1 Too busy to participate at treatment
end point
1 No longer concerned about child's
development at treatment end point
1 Withdrew because of Rett syndrome
diagnosis by second follow-up

!

Participants were aged 9 to 15
months during randomization
(baseline), 15 to 21 months at the
treatment end point (6 months after
baseline), 21to 27 months at the first
follow-up assessment (12 months
after baseline), and 33 to 39 months
at the second follow-up assessment
(24 months after baseline).

45 Included in intention-to-treat analysis ‘

‘ 44 Included in intention-to-treat analysis

iBASIS-VIPP indicates iBASIS-Video
Interaction to Promote Positive

Parenting.

iBASIS-VIPP intervention plus usual care (1 infant was ex-
cluded after randomization because the family did not meet the
English language requirement?2), and 53 infants received usual
care only (Figure 1). In total, 5 participants in the iBASIS-VIPP
group and 8 participants in the usual care group were unavail-
able for follow-up. After the treatment end point assessment, 1
participant in the usual care group received a genetic diagnosis
(Rett syndrome) that met study exclusion criteria; this partici-
pant did not participate in further study assessments. The total
sample at the final assessment comprised 89 participants (45 in
theiBASIS-VIPP group and 44 in the usual care group) who were
included in the intention-to-treat analysis.

Participant Characteristics and Intervention Dosage/
Adherence
Infants in the iBASIS-VIPP and usual care groups had similar
characteristics at baseline (mean [SD] chronological age, 12.40
[1.93] months vs 12.38 [2.02] months, respectively; 38 of 50
boys [76.0%] vs 32 of 53 boys [60.4%]) (Table 1). In total, 59
of 103 infants (57.3%) had an AOSI score of 9 points or higher
at baseline.?® Chronological ages at assessment points were
similar across the iBASIS and usual care groups (eg, at treat-
ment end point: mean [SD] age, 18.54 [2.12] months vs 18.60
[2.12] months; at 24 months after baseline: mean [SD] age,
36.64 [1.96] months vs 36.54 [2.14] months, respectively)
(Table 2; eTable 4 and eTable 5 in Supplement 2).

Therapist fidelity to the manual was evaluated based on
40 videotaped sessions that were randomly selected to bal-
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Table 1. Participant Characteristics at Baseline

No./total No. (%)

Usual care group iBASIS-VIPP group
Characteristic (n=53) (n=50)
Families
Annual household income 44/50 (88.0) 40/42 (95.2)
2$50 000
Mother completed 29/53 (54.7) 33/50 (66.0)

university degree

Infant living with both
biological parents

52/53(98.1) 49/50 (98.0)

Infants
Sex
Female 21/53(39.6) 12/50 (24.0)
Male 32/53(60.4) 38/50 (76.0)
Older sibling with ASD 10/53 (18.9) 10/50 (20.0)
Chronological age, mean 12.38(2.02) 12.40(1.93)
(SD), mo
Adjusted age, mean (SD), 12.31(2.00) 12.12(1.98)
mo

Abbreviations: ASD, autism spectrum disorder; iBASIS-VIPP, iBASIS-Video
Interaction to Promote Positive Parenting.

ance time point and therapist, and fidelity was found to be
high.2> Further information on the fidelity monitoring pro-
cess is provided in eMethods 2 and eMethods 3 in Supple-
ment 2. Participant adherence to the iBASIS-VIPP interven-
tion was high,?> and no adverse effects from the intervention
were identified. The usual care group received a variety of in-
terventions during the treatment period, ranging from a 1-time
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Figure 2. Treatment Effect Over Time for the Primary Outcome
of Autism Symptom Severity

0.3

-0.3 '\"//—ll

Standardized effect size

-0.6

0 6 12 24
Time from baseline, mo

Effect size estimate with 1-tailed 95% Cls (represented by whiskers). Autism
symptom severity was measured by the Autism Observation Scale for Infants
and the Autism Diagnostic Observation Schedule-Second Edition. An area
between curves (shaded area) below the null indicates a greater reduction in
autism symptoms in the iBASIS-VIPP group vs the usual care group. The mean
age of participants at assessment points was 12 months (baseline), 18 months (6
months after baseline), 24 months (12 months after baseline), and 36 months
(24 months after baseline). iBASIS-VIPP indicates iBASIS-Video Interaction to
Promote Positive Parenting.

parent information seminar to intensive ASD intervention.
Community therapy was received by a greater proportion of
infants in the usual care group than the iBASIS-VIPP group dur-
ing the treatment period (27 of 46 infants [58.7%] vs 17 of 49
infants [34.7%], respectively),?® between the treatment end
point and the 12-month postbaseline assessment (29 of 42 in-
fants [69.0%] vs 21 of 46 infants [45.7%]), and between the 12-
month and 24-month postbaseline assessments (26 of 43 in-
fants [60.4%] vs 19 of 45 infants [42.2%]) (eTable 1 in
Supplement 2).

ASD Symptom Severity (Primary Outcome)

There was a growing treatment effect (reduced ASD symp-
tom severity) favoring the iBASIS-VIPP group from treatment
end point to the 12-month postbaseline assessment, which was
largely maintained at the 24-month postbaseline assessment
(Figure 2). The combined treatment effect estimate across time
points was statistically significant (ABC, -5.53; 95% CI, - to
-0.28; P = .04).

ASD Diagnostic Criteria

Independent clinicians who were blinded to group allocation
classified 12 participants in the clinical ASD group, 64 partici-
pants in the atypical development group, and 13 participants
in the typical development group. The ASD diagnostic crite-
ria profiles for these groups are provided in eTable 2 in Supple-
ment 2.

Between-group comparisons using a Fisher exact test
found that the iBASIS-VIPP group had lower odds of meeting
1DSM-5 criterion than the usual care group (B4 [unusual sen-
sory interests]: odds ratio [OR], 0.21; 95% CI, 0-0.94; P = .04)
among the 7 criteria for ASD (Table 3). A logistic regression
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analysis incorporating covariates identified reduced odds of
meeting DSM-5 criteria Al among the iBASIS-VIPP group (defi-
cits in social-emotional reciprocity: OR, 0.35; 95% CI, 0-0.82;
P =.02), Bl (stereotyped or repetitive movements: OR, 0.29;
95% CI, 0-0.73; P = .02), and B4 (unusual sensory interests: OR,
0.13; 95% CI, 0-0.53; P = .02) (Table 3).

No difference between groups was found in the 3-level di-
agnostic classification (ASD, atypical development, and typi-
cal development) using the Fisher exact test (Table 3). How-
ever, logistic regression analysis of the binary clinical diagnosis
outcome (ASD vs no ASD) incorporating covariates identified
reduced odds of ASD classification in the iBASIS-VIPP group
(3 of 45 participants [6.7%]) compared with the usual care group
(9 of 44 participants [20.5%]; OR, 0.18; 95% CI, 0-0.68; P = .02)
(Table 3; eFigure 1in Supplement 2). The number needed to
treat to reduce an ASD classification was 7.2 participants. The
characteristics of children who met the criteria for ASD at age
3 years are available in eTable 3 in Supplement 2.

Developmental and Parental Outcomes

With regard to parent-child interaction, the initial effect of the
iBASIS-VIPP intervention on increasing scores on the MACI
caregiver sensitive responsiveness subscale began to attenu-
ate at the 24-month postbaseline assessment. The combined
treatment effect was statistically significant (ABC, 5.02; 95%
CI, 0.02 to «). There was no treatment effect on the MACI sub-
scales of caregiver nondirectiveness (ABC, 3.59; 95% CI, -1.80
to =), infant attentiveness (ABC, 2.09; 95% CI, -3.35 to «), and
infant positive affect (ABC, -2.86; 95% CI, -8.30 to «). Table 2
presents longitudinal data for secondary outcomes, and eFig-
ure 2 in Supplement 2 shows ABC results.

A consistent pattern of point estimates in favor of the iBA-
SIS-VIPP group on Mullen Scales of Early Learning subscales
was observed, but the combined effect estimates were non-
significant for the receptive language (ABC, 4.00; 95% CI, -1.01
to =), expressive language (ABC, 1.55; 95% CI, -3.31 to «), vi-
sual reception (ABC, 3.20; 95% CI, —1.94 to «), and fine motor
(ABC, 3.75; 95% CI, —0.89 to =) subscales. A similar pattern fa-
voring the iBASIS-VIPP group (but with CIs crossing the null)
was observed for VABS-II measures of functional communi-
cation (ABC, 6.21; 95% CI, -0.09 to «) and functional social-
ization (ABC, 6.26; 95% CI, —0.20 to =) skills. The iBASIS-
VIPP group had greater improvement on the nonblinded
caregiver-reported MacArthur Communicative Development
Inventories subscales measuring expressive vocabulary (ABC,
8.21; 95% CI, 2.15 to »), receptive vocabulary (ABC, 8.10; 95%
CI, 1.60 to ), and gestures (ABC, 6.56; 95% CI, 1.17 to «). There
was no effect of treatment group on the efficacy (ABC, -1.62;
95% CI, —6.83 to =), interest (ABC, 0.18; 95% CI, -5.17 to «),
and satisfaction (ABC, 0.53; 95% CI, —4.81 to «) subscales of
the PSOC.

|
Discussion

In this randomized clinical trial, a preemptive intervention for
infants showing early behavioral signs of ASD led to a signifi-
cant reduction in the severity of ASD behaviors when summed
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Table 3. Comparison Between Treatment Groups on Each DSM-5 Criterion for Autism Spectrum Disorder and Clinical Assessment of Overall

Diagnostic Status

Binary logistic regression

No. (%) Fisher exact test analysis®
iBASIS-VIPP group Usual care group 0dds ratio P 0dds ratio (95%
Variable (n = 45) (n=44) (95% ClI) value CI) P value
DSM-5 criterion
Al: deficits in social-emotional reciprocity 9(20.0) 16 (36.4) 0.44(0-1.08) .07 0.35 (0-0.82) .02
A2: deficits in nonverbal communicative behaviors used 13(28.9) 17 (38.6) 0.65(0-1.49) .23 0.47 (0-1.08) .07
for social interaction
A3: deficits in developing, maintaining, and understanding 13 (28.9) 16 (36.4) 0.71(0-1.65) .30 0.60 (0-1.31) .14
relationships
B1: stereotyped or repetitive motor movements, use of 7 (15.6) 14 (31.8) 0.40 (0-1.04) .06 0.29 (0-0.73) .02
objects, or speech
B2: insistence on sameness, inflexible adherence to 2(4.4) 2 (4.5) 0.98 (0-9.40) .49 1.03 (0-6.21) .51
routines, or ritualized behavior
B3: highly restricted fixated interests that are abnormalin 3 (6.7) 2 (4.5) 1.49(0-12.57) .67 1.16 (0-6.50) .56
intensity or focus
B4: hyperreactivity or hyporeactivity sensory input or 2 (4.4) 8(18.2) 0.21(0-0.94) .04 0.13 (0-0.53) .02
unusual sensory interests
Diagnosis
ASD 3(6.7) 9(20.5) NA .07  0.18(0-0.68)° .02
Atypical development 37(82.2) 27 (61.4) NA NA NA NA
Typical development 5(11.1) 8(18.2) NA NA NA NA

Abbreviations: ASD, autism spectrum disorder; DSM-5, Diagnostic and Statistical

Manual of Mental Disorders (Fifth Edition); iBASIS-VIPP, iBASIS-Video

Interaction to Promote Positive Parenting; NA, not applicable.

2 The binary logistic regression analysis incorporated the following covariates:
infant age at the 24-month postbaseline assessment, baseline score on the

Autism Observation Scale for Infants, and infant sex.

®The binary logistic regression analysis comparing ASD vs no ASD incorporated
the following covariates: infant age at the 24-month postbaseline assessment,
baseline score on the Autism Observation Scale for Infants, and infant sex.

over the 2 years between baseline and the study end point at
age 3years. These effects were small in extent, and their clini-
cal significance is uncertain. However, intervention effects
were observed across longitudinal points and on related be-
havioral outcomes, such as parent-reported language devel-
opment (as measured by the MacArthur Communicative De-
velopment Inventories). Although modest in size, this
consistent pattern of intervention effects observed across de-
velopmental domains likely contributed to the best-estimate
clinical judgments of diagnosis and the reduced odds of the
iBASIS-VIPP group meeting DSM-5 diagnostic criteria for ASD
at age 3 years.

To our knowledge, this randomized clinical trial is the first
to demonstrate that a preemptive intervention for infants
showing early signs of ASD led to a small but enduring reduc-
tion in ASD symptom severity and reduced odds of ASD diag-
nosis in early childhood. Recent theoretical accounts'*™® of the
developmental emergence of ASD make a distinction be-
tween early life perturbations in the functioning of brain sys-
tems and neurocognitive mechanisms that can moderate the
consequences of these perturbations for later phenotypic out-
comes. Early disruptions can be amplified over time by their
interaction with neurocognitive mechanisms to channel de-
velopmental trajectories into certain behavioral phenotypes,
such as ASD. Of importance to intervention development, it
is hypothesized that neurocognitive mechanisms, such as so-
cial attention and engagement, can also act as resilience fac-
tors by creating more adaptive learning experiences for the
child, with potential downstream effects on behavioral
development.!*!> The observed increase in caregiver sensi-
tive responding during infant interactions (as measured by the
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MACI sensitive responding subscale), coupled with the de-
crease in ASD symptom severity, is consistent with results from
the previous clinical trial of iBASIS-VIPP?# and findings from
a clinical trial of an intervention among older children with
ASD,*2 providing additional clinical research evidence to sup-
port these theoretical accounts of ASD.

Strengths and Limitations

This study has several strengths. The findings from the clini-
cal trial are strengthened by a moderate sample size that gen-
erated adequate statistical power, high participant retention
across 4 assessment points spanning 2 years, vigilant blind-
ing of the assessors who conducted assessments and coded vid-
eos, and a prespecified analysis plan. It is also important to
highlight certain aspects of the statistical analysis plan. Given
the favorable findings from the previous study of the iBASIS-
VIPP intervention?# and the directional hypotheses, the sta-
tistical analysis plan prespecified 1-tailed tests with an a level
of .05 to reduce the possibility of type II errors.** Further-
more, because we prespecified individual outcome measures
for conceptually different domains (rather than multiple mea-
sures of the same domain), the analysis plan did not incorpo-
rate corrections for multiple comparisons. We note that the be-
tween-group comparison for the primary outcome would have
been lower than conventional statistical significance thresh-
olds for 2-tailed testing, although the diagnosis classification
outcome would have remained significant (Table 3). How-
ever, we also note that the treatment effects observed across
a broad range of child outcome measures consistently fa-
vored the iBASIS-VIPP group in direction and extent and were
consistent with the findings of the previous clinical trial of this
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intervention.?* This observation provides confidence in the
robust pattern of effects and suggests that the use of prespeci-
fied 1-tailed tests did not risk type I error in our reporting.
This study also has limitations. Blinded diagnostic judg-
ments were conducted at the predefined point of age 3 years.
Although ASD diagnostic classification at age 3 years is known
to be relatively stable across childhood,*® it is possible that a
small proportion of children may change diagnostic catego-
riesif reassessed at later times. Follow-up of these children in
later childhood, when the behaviors for ASD and other neu-
rodevelopmental conditions may be more apparent and
distinguishable,*® will be important to determining the longer-
term clinical significance of the intervention effects ob-
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. |
Conclusions

In this randomized clinical trial, the combination of a significant
treatment effect with maintenance up to 18 months after inter-
vention provides initial evidence of efficacy for a new clinical
model that uses a specific developmentally focused intervention
among infants at higher likelihood of developing ASD. The rela-
tively low therapeuticintensity and the absence of adverse effects
areimportant for its wider adoption by the service system. A cost-
effectiveness analysis of the entire treatment pathway (incorpo-
rating screening and service delivery) and modeling of longer-term
childhood and adulthood outcomes is an important next step to
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