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Abstract

Background: Children born extremely preterm disproportionately experience sequelae of
preterm birth compared to those born at later gestational ages, including higher prevalence of
autism spectrum disorder (ASD) and associated behaviors.

Aim: Explore effects of combined dietary docosahexaenoic acid, eicosapentaenoic acid, gamma-
linolenic acid, and oleic acid (omega 3-6-9) on caregiver-reported behavior and sleep in toddlers
born at <29 weeks' gestation who were exhibiting symptoms commonly seen with ASD.

Study design: 90-day randomized (1:1), double blinded, placebo-controlled trial.
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Subijects: Thirty-one children aged 18—-38 months received omega 3-6-9 (n = 15) or canola oil
placebo (n = 16).

Outcome Measures: Mixed effects regression analyses followed intent to treat and explored
treatment effects on measures of caregiver-reported behavior (Child Behavior Checklist 1.5-5,
Toddler Behavior Assessment Questionnaire — Short Form, Vineland Adaptive Behavior Scales,
2nd Edition) and sleep (Children's Sleep Habits Questionnaire, Brief Infant Sleep Questionnaire).

Results: Twenty-nine of 31 (94%; Ny = 13, Npjacebo = 16) children randomized had data available
for at least one outcome measure, 27 (87%; Ny = 12, Npjaceho = 15) had complete outcome data.
Children randomized to omega 3-6-9 experienced a medium magnitude benefit of supplementation
on anxious and depressed behaviors (Apifference = —1.27, d = —0.58, p=0.049) and internalizing
behaviors (Apitference = —3-41, d = -0.68, p=0.05); and a large magnitude benefit on interpersonal
relationship adaptive behaviors (Apitference = 7.50, d = 0.83, p=0.01), compared to placebo. No
effects were observed on other aspects of behavior or sleep.

Conclusions: Findings provide preliminary support for further exploration of omega 3-6-9
during toddlerhood to improve socioemotional outcomes among children born preterm, especially
for those showing early symptoms commonly seen with ASD. Results need to be replicated in a
larger sample.

Trial registration: Registered with ClinicalTrials.gov: NCT01683565.
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1. Introduction

One of every 10 US-born babies is born preterm (<37 completed weeks' gestation)

[1]. Children born preterm experience higher rates of cognitive impairments, behavioral
problems, socioemotional difficulties, and sleep disturbances, versus children born at

term [2-8]. Several studies report that children born preterm are at increased risk for

autism spectrum disorder (ASD), with one meta-analysis reporting that children born at
<37 weeks are more than 1.3 times as likely to have ASD, compared to term children
[9-11]. Furthermore, children of the lowest gestational ages demonstrate the highest ASD
prevalence and disproportionately experience long-term sequalae of preterm birth compared
to those born at later gestational ages [2,10,12,13].

The omega-3 fatty acids eicosapentaenoic acid (EPA) and its downstream product,
docosahexaenoic acid (DHA), play a role in structural and functional brain development.
DHA is the major structural fatty acid in the developing brain, and DHA accretion is
rapid through age 2 years [14-18]. These fatty acids, along with an omega-6 fatty acid
called gamma-linolenic acid (GLA) have anti-inflammatory properties, and DHA is a key
player in neurotransmitter function, synaptogenesis, gene expression, membrane fluidity,
neurogenesis, neuroplasticity, and anti-inflammation [19-22]. Omega-9 fatty acids may
promote metabolic health, including an improved lipid profile [22,23]. Children born
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preterm miss much of the rapid acquisition of DHA and other fatty acids that occurs in
the third trimester of pregnancy [24].

A meta-analysis of 15 studies reported that young children with ASD have lower blood
levels of the omega-3 fatty acids DHA, EPA, and the omega-6 fatty acid arachidonic

acid (AA) compared to their typically developing peers, suggesting that interventions to
increase these fatty acids may have benefit [25]. Findings from trials which supplemented
the diets of children with ASD with omega-3 fatty acids in early childhood are mixed.
Some report that, compared to placebo, supplementation results in reduction of externalizing
behaviors, stereotypy, lethargy, and irritability, and improvement in social-awareness, while
others report that supplementation is associated with an increased display of externalizing
behaviors [26-30]. No effects of omega-3 supplementation on adaptive functioning, sleep,
and several other aspects of behavior in young children with ASD were identified [27-31].
One study reported benefit of omega-3 supplementation treatment on broad aspects of ASD
as measured by the Autism Treatment Evaluation Checklist, however this was not a placebo-
controlled trial [32]. The supplementation period in these trials ranged from 6 weeks to 1
year, with three, 3-month trials reporting positive effects of supplementation on aspects of
child behavior [27,31,32]. Previous trials in which eligible children were aged two to eight
years old and had ASD did not include omega-6 fatty acids which share enzyme-driven
metabolic pathways with omega-3 fatty acids and may help promote anti-inflammatory
properties. These studies supplemented diets with omega-3 fatty acids, but supplementation
of an omega-3 and omega-6 fatty acid combination in early childhood may help address
deficits typically seen in children born preterm who display behaviors commonly seen with
ASD in ways not enhanced by omega-3 supplementation alone.

The objective of this secondary analysis was to test the effect of EPA (omega-3), DHA
(omega-3), GLA (omega-6), and oleic acid (omega-9) (omega 3-6-9) supplementation for
90-days on multiple aspects caregiver-reported behavioral and sleep outcomes in a sample of
toddlers born at <29 weeks' gestation who were exhibiting symptoms commonly seen with
ASD during toddlerhood.

2. Method

2.1. Study design and setting

The Preemie Tots trial was a single-site randomized, double blinded, placebo-controlled trial
(clinicaltrials.gov #: NCT01683565). The study was prospectively reviewed and approved
by the Institutional Review Board at Nationwide Children's Hospital (Columbus, OH, USA).
Study enrollment took place between November 2012 and January 2015, and data collection
for all participants was completed by March 2015. Each child's legal guardian/caregiver
provided written informed consent for participation. Examination of behavior and sleep in
this cohort was not a pre-specified outcome of the trial, but measures of these constructs
were included in the study protocol from the beginning to enable exploration of treatment
effects on these domains. No adverse events were found to be serious and related to the
treatment. The full protocol, detailed adverse event data, analysis of fatty acid biomarkers,
and the primary outcomes (ASD symptoms and other problem behaviors) which showed that
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children assigned to the treatment group exhibited a greater reduction in ASD symptoms,
compared to those assigned to placebo are presented elsewhere [33].

Participants and sample size

Participants were children 18—-38 months of calendar age who were 1) born at <29
completed weeks' gestation and 2) admitted to a Nationwide Children's Hospital NICU post
birth and survived to discharge or 3) had a Neonatology Clinic follow up visit scheduled at
Nationwide Children's Hospital.

Caregivers of potentially eligible children (n = 1121) were invited to complete a postal
questionnaire (53% response proportion) that comprised the Pervasive Developmental
Disorders Screening Test — 11, Stage 2 (PDDST-I11); the Brief Infant Toddler Social and
Emotional Assessment (BITSEA); and one item from the Ages and Stages Questionnaire:
Social Emotional (ASQ:SE) to assess joint attention (“Looks in the direction you are
pointing, when you are pointing at something”) [34-36]. Children who exceeded pre-
specified cutoffs (the Preemie Tots trial used more stringent criteria than recommended

by instrument developers) on the PDDST-11 (>5) or on the BITSEA competence scale (<15th
percentile), or who did not respond to their name based on a single item from the BITSEA
(caregivers responded not true/rarely to “Looks right at you when you say his/her name”),
or did not participate in joint attention (caregiver responded not true/rarely to the ASQ:SE
item) were considered to have significant ASD symptoms and were further assessed for trial
eligibility (n = 201). All children exceeded the pre-specified cutoff on at least one measure,
32% exceeded the pre-specified cutoff on more than on measure.

Additional eligibility criteria for the trial included: weight between the 5th and 95th
percentiles for age and sex per the World Health Organization (WHO) growth standards
(Nexciudea = 20) and English language ability adequate to understand the study required

of the caregiver (Mgxciygeq = 13). Children were excluded if they consumed fatty acid
supplements, fatty fish, or nutritional support beverages with DHA more than twice
weekKly (Pexciugea = 2); Were known to be unable to tolerate venipuncture (exc/uded =

2); or had any of the following conditions that would make the child unable to benefit
from the intervention, difficult to assess, or put them at possible safety risk (axc/ugeq =
38): developmental syndromes (Fragile X, Rett, Angelman, Tuberous Sclerosis), deafness,
blindness, a major medical condition or malformation that would preclude participation
(e.g., feeding tube), a score of <70 on their most recent Bayley Scales of Infant and
Toddler Development-3 (Bayley-3) cognitive clinical assessment during the previous year,
quadriplegic cerebral palsy, fish or canola allergy, Type | diabetes, bleeding disorder, or a
recent non-febrile seizure without a clear and resolved etiology. In addition, 20 children
were unable to be located, were non-responsive to recruitment attempts, or lived beyond
driving distance to the research site (Fig. 1). Children who met the eligibility criteria were
invited to enroll in the clinical trial (n = 106). The goal was to enroll 40 children as this
would be sufficient to confirm trial feasibility and estimate effect sizes for a full-scale trial;
however, funding limitations capped enrollment at 31.
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2.3. Randomization, blinding and intervention

Children were allocated to one of four color-coded groups (two groups for treatment, two
groups for placebo) using a randomization scheme with a varying block size of multiples
of 4 and with 1:1 allocation to treatment and placebo. Four randomization groups were
used to preserve blinding of treatment assignment as much as possible, should unblinding
of a child have been necessary for emergency reasons. A statistician who had no contact
with participants prepared the randomization scheme and assigned identification numbers.
Sequentially numbered, opaque, sealed, tamper-resistant envelopes, each containing a
unique identification number and treatment assignment were created before the study began.
Immediately after enroliment, study staff opened the next sequentially numbered envelope
to randomize children to treatment or placebo. All investigators, staff, and participants
remained blinded throughout the trial. Because multiple births are common among preterm
births, they are routinely included in clinical trials related to prematurity outcomes. This
increases generalizability to the larger preterm population. As is commonly done, members
of sets of twins were randomized together to the same group to reduce the likelihood

of accidental treatment crossover and to increase the consent rate among families with
multiples [37].

The treatment group was assigned to 90 days of daily oral omega 3-6-9 fatty acid
supplementation in the form of a lemon-flavored fish and borage oil (706 mg total omega-3
fatty acids: 338 mg EPA, 225 mg DHA,; 280 mg total omega-6 fatty acids: 83 mg GLA,;

and 306 mg total omega-9 fatty acids (oleic acid); Omega-3-6-9 JuniorTM, Nordic Naturals,
Inc., Watsonville, CA). The placebo group was assigned to daily canola oil (124 mg palmitic
acid, 39 mg stearic acid, 513 mg linoleic acid (LA), 225 mg a-linolenic acid (ALA);

1346 mg oleic acid). The placebo was prepared with lemon oil flavor by the Nationwide
Children's Hospital Investigational Drug Service (IDS) to match the treatment product,

and both products were packaged identically and distributed directly to the family by the
hospital pharmacy. The 90-day timeframe was selected based on previous trials and to

allow incorporation of DHA into neuronal cell membranes, while maximizing enrollment
and retention of participants. Previous analysis of fatty acid biomarkers in this trial showed
increases in concentrations of EPA, DHA, oleic acid, total n-3 FAs, and a trend toward an
increase in dihomo-y-linolenic acid (DGLA, downstream product of GLA) for the treatment
group, confirming that the 90-day timeframe was sufficient [33].

2.4. Data collection

Data were collected in designated clinical research space at Nationwide Children's
Hospital. The baseline study visit (day 0) included age-appropriate caregiver-completed
questionnaires which collected demographics and caregiver ratings of the child's behavior
and sleep. At the last study visit (day 90), behavior and sleep were assessed again and
caregivers were asked to guess their child's treatment assignment. The child's electronic
medical record was the source of gestational age and birthweight information.

2.5. Behavior

Caregivers indicated how true (not true (0), sometimes true (1), often true (2)) items
on the Child Behavior Checklist 1.5-5 (CBCL) were of their child in the previous
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two months. Items were summed to derive scores on the CBCL Syndrome Scales
(emotionally reactive, anxious/depressed, somatic complaints, withdrawn, sleep problems,
attention problems, aggressive behavior), Problem Scales (internalizing, externalizing, total,
stress), and Diagnostic and Statistical Manual of Mental Disorders (DSM)-oriented scales
(affective problems, anxiety problems, pervasive developmental problems, attention deficit/
hyperactivity problems, oppositional defiant problems) [38]. The CBCL has high test-retest
reliability (>0.74) and discriminates between children referred and not referred for clinical
follow-up [38]. Higher raw scores are indicative of more problems in the domain.

Caregivers reported how often their child engaged in various behaviors in the past month
on the Toddler Behavior Assessment Questionnaire — Short Form (TBAQ-SF) [39]. The
TBAQ-SF consists of 56 items that assess activity level, anger, inhibitory control, interest,
pleasure, and social fearfulness. Caregivers rated each item on a scale from 1 (never) to

7 (always). The mean of all items from each domain represents the score on that domain.
Higher scores represent more frequent behaviors associated with the domain.

Caregivers assessed the child's daily social functioning by completing the socialization
domain of the Vineland Adaptive Behavior Scales, 2nd Edition (VABS-2), which comprises:
play and leisure time, interpersonal relationships, and coping skills [40]. Each subdomain
presents the caregiver with a series of behaviors of increasing developmental ability.
Caregivers reported how often the child performed each behavior at the time of survey
completion on a scale ranging from 0 (never) to 2 (usually). Three items from the coping
skills subdomain were inadvertently omitted from the survey. Therefore, this subdomain was
scored based on 27 items, rather than 30 items in the subdomain. Higher raw scores on each
subdomain reflect a higher frequency of behavior in that subdomain.

The caregiver-completed Children's Sleep Habits Questionnaire (CSHQ) assessed child
sleep habits and difficulties during the previous week [41]. Caregivers reported the
frequency of sleep behavior on a scale from 1 (rarely) to 3 (usually). Scores represent

the mean of items in each domain: daytime sleepiness, night wakings, bedtime resistance,
parasomnias, sleep anxiety, sleep onset delay, sleep disordered breathing, and sleep duration.
Additionally, the mean of all items represents a total sleep score. Higher scores represent
more sleep problems in the domain.

Caregivers reported the following sleep durations at the time of survey completion on the
Brief Infant Sleep Questionnaire (BISQ): nocturnal sleep, daytime sleep, total sleep within
a 24-h period, nocturnal sleep-onset, and wakefulness during night hours [42]. Caregiver
reports on the BISQ were validated with actigraphy and sleep logs when the measure was
developed [43].

2.7. Compliance and follow-up

Compliance with taking the supplement or placebo was assessed in two ways: caregiver-
completed daily diaries (calculated as the proportion of days the supplement/placebo was
consumed divided by the total days enrolled) and measurement of the amount of remaining
oil in bottles returned to IDS (calculated as the amount of missing oil divided by the
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expected amount, similar to pill count method). Families were contacted regularly to
encourage compliance and address participation barriers.

2.8. Statistical analysis

All analyses used SAS software (v9.4, SAS Institute) and were conducted according to
intent-to-treat methods. No interim analyses were conducted. Analyses of treatment effects
compared the change in behavior and sleep domains between groups, controlling for
baseline characteristics, using a linear mixed model (analogous to ANCOVA), per the
method of Winkens et al. which leverages maximum likelihood estimation to account

for missing data for continuous variables [44]. Treatment-by-time interaction terms were
included as fixed effects and served as estimates of treatment effect. Analyses included

a random effect for the family to address statistical non-independence because of the
inclusion of multiple-gestation births. Adjustments for multiple comparisons were not made,
per published guidance [45,46]. Due to the potential for type | error due to multiple
comparisons, results should be interpreted as exploratory. Group mean differences divided
by the standard deviation were calculated as standardized effect sizes (Cohen's d), and
interpreted as follows: 0.2 represents a small treatment effect, 0.5 a medium treatment effect,
and 0.8 a large treatment effect [47]. No subgroup analyses were conducted.

3. Results

3.1

3.2.

Participant characteristics

Baseline characteristics were similar between treatment groups (Table 1). The median age
of children was 27 (IQR = 13) months at enroliment, the median gestational age was 27
(IQR = 4) completed weeks', the majority (68%) of children were male, and 68% scored
below the pre-specified cutoff on one (verses 2 or more) screening tools. There were 4 sets
of twins. All randomized children received their allocated intervention. Most respondents
were mothers (97%) with a median age of 33 (IQR = 11) years at enrollment; 58% were
married or living with a partner, 55% reported an annual household income of <$35,000
USD, and 35% had a high school/GED or lower level of education. Twenty-nine (94%)
children randomized had data available for at least one outcome measure, 27 (87%) had
outcome data for each measure.

Behavior

3.2.1. Baseline—At baseline, 71% (n = 22) of children scored in the borderline or
clinical range (t-score > 65) on at least one CBCL scale. Children were reported as
displaying inhibitory control (mean = 3.6, SD = 1.2) and interest (mean = 3.9, SD = 0.7)
about half the time or less, while behaviors associated with the activity level (mean = 4.5,
SD = 1.0), pleasure (mean = 4.3, SD = 1.1), anger (mean = 4.3, SD = 1.2), and social
fearfulness (mean = 4.2, SD = 1.3) domains were reported as happening about half the time
or more, per the TABQ-SF.

Baseline sleep characteristics as measured by the CSHQ reflected sleep behaviors in the
rarely to sometimes range on all domains: bedtime resistance (median = 1.7, IQR = 1.3),
night wakings (median = 1.3, IQR = 0.7), sleep anxiety (median = 1.5, IQR = 1.0), daytime
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sleepiness (median = 1.4, IQR = 0.4), parasomnias (median = 1.3, IQR = 0.3), sleep onset
delay (median = 1.0, IQR = 2.0). sleep disordered breathing (median = 1.0, IQR = 0.3),

and sleep duration (median = 1.0, IQR = 0.7). Children were reported to sleep 11.1 h (SD

= 2.2) per 24 h, with approximately 8.9 h (SD = 1.7) comprising nocturnal sleep duration.
Caregivers reported that it took 20 min (IQR = 45) to put the child to sleep, however, 45%
reported that it took 30 min or more to put their child to sleep. Caregivers reported that
children experienced about 20 min (IQR = 45) of night wakefulness, with 45% of caregivers
reporting that their child spent one hour or more in night wakefulness.

3.2.2. Treatment effects—Changes in outcomes from baseline to the end of the trial
are reported in Table 2. After 90 days of supplementation, children randomized to omega
3-6-9 were reported by their caregivers to experience a greater reduction in anxious and
depressed behaviors (Apifference = —1.27, d=-0.58, p=0.049), as well as internalizing
problems (Apifference = —3.41, d=-0.68, p=0.05) as measured by the CBCL, compared to
placebo. The magnitude of these effects was medium. Children randomized to omega 3-6-9
were reported by their caregivers to experience a greater improvement in their interpersonal
relationship skills (Apitference = 7.50, &= 0.83, p=0.01), per the VABS-2. The magnitude
of this effect was large. Several outcomes had non-statistically significant medium effects:
changes in emotionally reactive behavior (Apifference = —1.46, d=-0.64, p=0.06) on

the CBCL; and pleasure (Apifference = 0.46, d=0.68, p=0.09), and social fearfulness
(Apifference = —0.54, d=-0.63, p=0.12) on the TBAQ-SF favored the omega 3-6-9

group; changes in night wakings (Apifrerence = 0.23, d=0.59, p=0.09) and sleep duration
((Apifference = 0.16, d=0.53, p=0.14) per the CSHQ favored placebo. Differences in
change between the treatment and placebo groups on the CBCL DSM-oriented scales and
the BISQ were not statistically significant, and effects were of small magnitude.

3.2.3. Compliance and blinding—Compliance was high: children consumed 83% of
the prescribed dose based on caregiver-completed diaries and IDS volume calculations.

At the end of the trial, 70% of caregivers in the treatment group and 57% of those in

the placebo group did not accurately guess their child's treatment assignment, suggesting
blinding remained intact (McNemar's X2 =1.00, p=10.32).

4. Discussion

In this randomized, double blind, placebo-controlled trial of omega 3-6-9 fatty acids in an
at-risk preterm sample showing symptoms commonly associated with ASD, we found that
supplementation for 90 days resulted in greater reduction of anxious and depressed and
internalizing behaviors, compared to placebo. Additionally, children randomized to omega
3-6-9 were reported to have significantly greater gains in interpersonal relationship skills,
compared to placebo. Effects are of medium-to-large magnitude. No statistically significant
effects of supplementation were found on other aspects of behavior or sleep. Combined
with other results from the Preemie Tots trial, which report benefit of supplementation

on behaviors commonly associated with ASD and gesture use without negative effects on
behaviors that have been reported in omega-3 only trials, a combination of omega-3-6-9
fatty acids in toddlerhood and early childhood may provide benefit for children born preterm
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who are experiencing symptoms commonly seen with ASD, however, results need to be
replicated in a larger trial [33,48].

Children randomized to omega 3-6-9 were reported to have nearly a 1-point decrease

in the raw score of the anxious/depressed syndrome scale on the CBCL, compared

to no change in the placebo group. Although both groups experienced improvements

in internalizing behaviors (comprised emotionally reactive, anxious/depressed, somatic
complaints, withdrawn behaviors) and interpersonal relationships (including responding

to others, expressing and recognizing emotions, imitating, social communication,
thoughtfulness, friendship), which may be explained by age-related development, benefits
experienced by the treatment group were statistically significantly more pronounced: 3.84
vs 0.87 reduction in internalizing behaviors per the CBCL and 8.16 vs 1.73 improvement in
interpersonal relationship skills per the VABS-2, suggesting supplementation may enhance
age-related development in these domains. The interpersonal relationship score of children
in the treatment group after 90 days of supplementation is characterized as representing an
“adequate” adaptive level according to instrument developers, compared to a “moderately
low” adaptive level that corresponds to the interpersonal relationship score of the placebo
group after 90 days of supplementation [40]. Studies of children under 5 years with ASD
report mixed effects of supplementation on externalizing behaviors. While one study showed
benefit of DHA supplementation on externalizing behaviors, another reported that DHA +
EPA supplementation had a negative effect on externalizing behaviors [27,28]. This study
did not observe an effect of supplementation on externalizing behaviors per the CBCL,
and previous work in this cohort reported no effect of supplementation on externalizing
behaviors per the BITSEA [33].

Reviews of research involving children aged two to eight years old showed no benefit

of omega-3 supplementation for improving behaviors such as internalizing, adaptive
functioning, and hyperactivity in children with ASD [49-52]. A key difference between
previous trials of young children (i.e., age 8 years and younger) and the Preemie Tots trial is
the combination of long-chain polyunsaturated fatty acids used. However, three uncontrolled
trials that included children with ASD up to age 18 years, included omega-3 and omega-6
fatty acids, similar to the Preemie Tots trial. A trial of children aged three to ten years

old which supplemented their diets for 3 months with DHA (247 mg) and GLA (40 mg)
reported improvements in a wide range of learning and language skills [53]. A second trial
of children aged three to 11 years old with ASD that supplemented children for 3 months
with DHA (240 mg), EPA (52 mg), GLA (48 mg), and AA (20 mg) reported that 67% of
the children showed statistically significant reduction in autism severity [54]. A third trial
examined the effect of DHA (840 mg), EPA (192 mg), GLA (144 mg), and AA (66 mg)
supplementation in children aged seven to 18 years for three months reported statistically
significant improvements across several domains of social responsiveness and attention
[55]. The non-randomized design of these trials makes it difficult to attribute the effects

to the treatment, and the wide age ranges of children treated limits an understanding of

the possible effects during early childhood when intervention may be most impactful. The
Preemie Tots trial builds on this information by testing a promising fatty acid combination
within a narrower and younger age range using a randomized placebo-controlled design at a
developmental period that is particularly amendable to intervention.
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Results of the Preemie Tots trial may support early supplementation with a combination

of omega 3-6-9 for children born preterm who are showing early behaviors commonly
associated with ASD. Supplementing the diets at this young age may be advantageous
because this developmental period is critical for and receptive to early intervention.
Additionally, nearly 80% of caregivers of children with ASD report the use of at least

one dietary supplement; with omega-3 supplementation being among the most common
[56]. The omega 3-6-9 supplement used in the Preemie Tots trial resulted in medium
magnitude reduction of anxious and depressed behaviors, as well as internalizing problems.
Additionally, there was a large magnitude improvement in interpersonal relationship skills
for children in the treatment group, a developmental area for which there is currently no
pharmacologic intervention. The findings of this trial, along with the high use of nutritional
supplements in this population and the low risk profile of long chain polyunsaturated fatty
acids suggests that readily available, cost-effective nutritional interventions such omega
3-6-9 supplements for children may be an effective treatment for children at risk for
developmental challenges in early childhood. However, given the small sample size and
exploratory nature of this trial, results need to be replicated in a larger sample to make any
definitive clinical recommendations.

Other important methodological differences exist between the Preemie Tots trial and others
which focused on the early childhood developmental period in children with ASD. The
Preemie Tots trial supplemented children ranging from age 18 to 38 months, whereas

other trials initiated supplementation later, included larger age ranges of children, and/or
provided supplementation for a different period of time. One trial which compared a DHA
supplement to a low sugar diet began supplementation at 41.7 months, on average [27]. Four
placebo-controlled trials of omega-3 supplementation enrolled children between the ages of
2-5 years, 2-8 years, 3-8 years, or 5-8 years [26,28,30,31]. The placebo-controlled trials
supplemented children's' diets for 6 weeks, 3 months, 6 months, or 12 months; whereas

the omega-3 and low sugar diet included 3 months of supplementation. Another notable
difference is that although some children in the Preemie Tots trial had an ASD diagnosis at
enrollment, it was not an inclusion criterion, therefore the range of symptom severity may
have been larger than that in trials that included only children with an ASD diagnosis, and
thus direct comparisons to studies that included only children with ASD cannot be made.
Collectively, these key differences make comparisons across studies difficult and may help
explain the benefits of omega 3-6-9 supplementation on aspects of behavior reported here
that have not been previously reported in cohorts of young children with ASD.

This study has limitations. This study relied on caregiver-reports of behavior and sleep,
therefore, caregiver bias cannot be ruled out. Although, caregivers were blinded and poor

at guessing their child's treatment assignment, the study did not collect information as to
why caregivers thought their child was in which group. The sample size for this pilot study
was small and limits the generalizability of the findings to larger samples of children born
preterm. The benefit for children randomized to omega 3-6-9 compared to placebo may be a
chance effect due to multiple comparisons. The Preemie Tots trial focused on children born
preterm who were demonstrating early symptoms commonly associated with ASD, rather
than children who had an ASD diagnosis. This may limit the generalizability of the findings
to all children with ASD. Each of the outcome measures had a different reporting timeframe,
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per standardized instructions, which may explain the lack of significant findings across

all measures. Finally, three items from the coping skills subdomain of the VABS-2 were
inadvertently omitted from the survey. Although this may present a challenge in comparing
this outcome to the current literature in a descriptive nature, the focus of this paper was to
examine change in outcomes from baseline to the end of the trial. Therefore, the results are
interpretable in terms of treatment effects on coping skills.

The trial has several strengths. Participants were recruited from a roster of all children who
required NICU care. As such, our source population was not subject to participation bias
which may be seen in studies that rely purely on volunteers or patients of neonatal follow-up
clinics and our findings may be more generalizable to the larger population of children born
at <29 weeks' gestation, especially those demonstrating symptoms commonly associated
with ASD. Treatment compliance in this cohort was greater than 80%, based on multiple
reporting methods, illustrating that this is a feasible approach for young children.

Children born very preterm (<29 completed weeks' gestation) experience significant long-
term difficulties in internalizing and competence behaviors compared to those born at

term [4]. Although previous studies of omega-3 supplementation do not clearly support
supplementation in children with ASD, the current trial which used a combination of omega
3-6-9 fatty acids found potential benefit of supplementation for children showing symptoms
commonly associated with ASD at a young age, often before a diagnosis is feasible. The
present study may provide preliminary support for further exploration of omega 3-6-9 during
toddlerhood to improve a range of socioemotional outcomes among infants born preterm,
especially those who are showing early symptoms associated with ASD. However, due to
the exploratory nature of these outcomes and the small sample size, results should not be
interpreted as definitive and need to be replicated in a larger sample.
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Fig. 1.

Participant CONSORT flow diagram, Preemie Tots trial (7= 31), 2012-2015.
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Participant characteristics at baseline, Preemie Tots trial (n = 31), 2012-2015.

Page 17

Baseline characteristics Omega Placebo Full Number of
3-6-9 Group Sample Missing
Group (n=16) (n= Observations
(n=15) 31)

Child characteristics

Age at randomization, months, unadjusted for prematurity, median (interquartile range 30 (11) 25 (12) 27 (13) 0

(IQR))

Gestational age at delivery, completed weeks, median (IQR) 27 (3) 28 (4) 27 (4) 0

Sets of twins, n 1 3 4 0

Gender, male, n (%) 8(53) 13 (81) 21 (68) 0

Birthweight, grams, mean (standard deviation (SD)) 940 (241) 1021 (361) 982 (306) 2

Race, n (%) — Caucasian/White 8 (53) 10 (62) 18 (58) 0

African-American/Black 4.(27) 6 (38) 10 (32)

Other or multiple races 3(20) 0 (0) 3(10) -
Ethnicity, n (%) — Hispanic or Latino 3(20) 0 (0) 3(10) 0
E(:]/h;ld diagnosed with ASD or other developmental disability prior to enrollment, n 4.(27) 2(13) 6 (19) 0

0
Postal questionnaire screening results

Responds to name (not true/rarely), n (%) 1(7) 0 (0.00) 1(3) 0

Responds to joint attention (not true/rarely), n (%) 1(7) 0 (0.00) 1(3) 0
(O/F)’ervasive developmental disorders screening test — Il, stage 2 (PDDST-II, >5), n 10 (67) 10 (63) 20 (65) 0

()

Brief Infant toddler social and emotional assessment competence (BITSEA, <15th 9 (60) 11 (69) 20 (65) 0
percentile), n (%)

Total number of screening measures failed (via postal questionnaire, max =4),n 10 (67) 11 (69) 21 (68) 0
(%) — 1 measure
2 measures 4(27) 5(31) 9 (29) -
3 measures 1(7) 0(0) 1(3) -
Caregiver and household characteristics
Caregiver age at enroliment, median (IQR) 34 (11) 33(9) 33 (11) 0
Caregiver relationship to child, n (%) — Mother 15 (100) 15 (94) 30(97) 0
Caregiver marital status, n (%) — married or living with partner 9 (60) 9 (56) 18 (58) 0

Separated 1(7) 0(0) 13 -

Single never married or not living with partner 5(33) 7 (44) 12 (39) -
Annual household income <$35,000 USD, n (%) 10 (67) 7 (44) 17 (55) 0
Caregiver education, n (%) — high school/GED or less 5(33) 6 (38) 11 (35) 0

Some college/associate's degree 5(33) 2(13) 7(23) -

Bachelor's degree or higher 5(33) 8 (50) 13 (42) -
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