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BACKGROUND AND 0BJECTIVES: Children born preterm experience socioemotional difficulties,
including increased risk of autism spectrum disorder (ASD). In this secondary analysis, we
tested the effect of combined docosahexaenoic acid (DHA) and arachidonic acid (AA)
supplementation during toddlerhood on caregiver-reported socioemotional outcomes of
children born preterm. We hypothesized that children randomly assigned to DHA + AA would
display better socioemotional outcomes compared with those randomly assigned to a placebo.

MEeTHODS: Omega Tots was a single-site randomized, fully masked, parallel-group, placebo-
controlled trial. Children (N = 377) were 10 to 16 months at enrollment, born at <35 weeks’
gestation, and assigned to 180 days of daily 200-mg DHA + 200-mg AA supplementation or
a placebo (400 mg corn oil). Caregivers completed the Brief Infant-Toddler Social and
Emotional Assessment and the Pervasive Developmental Disorders Screening Test-II, Stage 2
at the end of the trial. Liner mixed models and log-binomial regression compared
socioemotional outcomes between the DHA + AA and placebo groups.

REsuLTS: Qutcome data were available for 83% of children (nyeatment = 161; Npjacebo = 153).
Differences between DHA + AA and placebo groups on Brief Infant-Toddler Social and
Emotional Assessment scores were of small magnitude (Cohen’s d = 0.15) and not statistically
significant. Children randomly assigned to DHA + AA had a decreased risk of scoring at-risk for
ASD on the Pervasive Developmental Disorders Screening Test-II, Stage 2 (21% vs 32%; risk
ratio = 0.66 [95% confidence interval: 0.45 to 0.97]; risk difference = —0.11 [95% confidence
interval: —0.21 to —0.01]) compared with children randomly assigned to a placebo.

concrusions: No evidence of benefit of DHA + AA supplementation on caregiver-reported
outcomes of broad socioemotional development was observed. Supplementation resulted in
decreased risk of clinical concern for ASD. Further exploration in larger samples of preterm
children and continued follow-up of children who received DHA + AA supplementation as
they approach school age is warranted.
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To cite: Boone KM, Parrott A Rausch J, et al. Fatty Acid
Supplementation and Socioemotional Qutcomes: Secondary
Analysis of a Randomized Trial. Pediatrics. 2020;146(4):€20200284

PEDIATRICS Volume 146, number 4, October 2020:620200284 ARTICLE




In the United States, 1 of every 10
infants is born preterm (<37
completed weeks’ gestation).!
Children born preterm experience
higher rates of cognitive impairments,
behavioral problems, and
socioemotional difficulties, including
higher incidence of autism spectrum
disorder (ASD), compared with term
children.?”’

Animal and cell studies suggest that
docosahexaenoic acid (DHA) supports
neurotransmitter function, signal
transduction, gene expression,
neurogenesis, and anti-inflammation,
which may impact socioemotional
development.®>'* DHA with the
addition of arachidonic acid (AA) has
been found to support physical
growth and visual acuity in preterm
infants.’>™'® Preterm infants miss
some or all of the last trimester of
pregnancy when rapid acquisition of
DHA and AA occurs in the developing
brain.'*"?! Insufficient DHA may
contribute to the developmental
delays that children born preterm
experience.

DHA supplementation may enhance
aspects of cognitive ability and
reduce behaviors commonly
associated with ASD.?*?® Effects on
broader aspects of socioemotional
development are mixed. Trials that
supplemented neonates reported no
benefit on socioemotional outcomes
to age 5 years.6'24'25 However,
negative long-term effects have been
reported at 7 years for girls born
preterm.26

In this secondary analysis, we sought
to test the effect of DHA + AA
supplementation for 180 days on
caregiver-reported socioemotional
outcomes, including behaviors
commonly associated with ASD, in

a sample of toddlers born at <35
completed weeks’ gestation. Because
authors of previous research reported
negative effects of DHA
supplementation on multiple aspects
of socioemotional outcomes at

7 years for girls born preterm, we

used exploratory subgroup analyses
to examine treatment effects by child
sex.2®

METHODS

Study Design and Setting

Omega Tots was a single-site,
randomized, fully masked, parallel-
group, placebo-controlled trial
(identifier NCT01576783) conducted
at Nationwide Children’s Hospital
(NCH) (Columbus, OH) and approved
by the NCH Institutional Review
Board. Caregivers provided written
informed consent for participation.
Enrollment in the 180-day trial took
place between April 2012 and
September 2016. Socioemotional
development was not a prespecified
primary outcome of the trial, but
measures of the child’s
socioemotional development were
included in the protocol from the
beginning as other prespecified
outcomes. Analysis of the primary
outcomes revealed that
supplementation resulted in no
improvement in cognitive
development or executive function
and may have resulted in negative
effects on language development and
effortful control in certain subgroups
of children. These findings and the
full protocol are presented
elsewhere.?”-?8

Participants and Sample Size

Participants were children 10 to

16 months of prematurity-adjusted
age at enrollment who were born at
<35 completed weeks’ gestation and
admitted to a Columbus, Ohio, NICU
post birth or had a neonatology clinic
follow-up visit scheduled at NCH.

Eligible children weighed between
the fifth and 95th percentiles for
corrected age and sex and had
discontinued human milk and
formula consumption, and English
was the family’s primary language.
Children were excluded for
consuming fatty acid supplements,
fatty fish, or nutritional-support

beverages with DHA >2 times per
week; for having fish, corn, or soy
allergy; for planning to relocate; or
for having a major malformation or
feeding, metabolic, or digestive
disorder precluding participation or
nutrient absorption. Three hundred
seventy-seven children enrolled
and were randomly assigned

(Fig 1). All were included in the
analysis. The study was powered
on the basis of the primary
outcome.?”

Randomization, Blinding, and
Intervention

Children were allocated to treatment
or placebo by using a randomization
scheme with block sizes of 4 and 8§,
with 1:1 allocation to treatment (DHA
+ AA) or placebo. A statistician with
no participant contact prepared the
randomization scheme, assigned
identification numbers, and prepared
opaque, sealed, tamper-resistant
envelopes before the study began.
After enrollment, study staff opened
the next sequentially numbered
envelope to assign children to DHA +
AA or placebo. All investigators,
families, and staff remained blinded
throughout the trial. Sets of twins and
triplets were randomly assigned
together.*’

The treatment group was assigned to
180 days of daily oral
supplementation with dissolvable,
200-mg microencapsulated DHA
(from Schizochytrium species algal
oil), and 200-mg AA (from fungal
Mortierella alpina oil) powder (DSM
Nutritional Products, Heerlen,
Netherlands). The dose was selected
to approximate the peak daily DHA
consumed per body weight during
infancy (ie, for a typical 4-month-old
infant, 20 mg/kg per day). DHA and
AA were both included because
earlier trials revealed that this
supported neonatal growth.'”3% A 1:1
balance was selected because this is
in line with international formula
standards and was recently
reinforced by expert opinion.332 The
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4142 children assessed for eligibility

3765 excluded

927 not meeting inclusion criteria

1172 declined to participate

1666 other reasons, including unable to
locate, nonresponsive, and did not show to
first visit

377 randomly assigned

189 assigned to receive DHA + AA intervention
e 188 received intervention as assigned
e 1 did not receive assigned intervention
(owing to change in medical care)

assigned

188 received corn oil placebo intervention as

!

!

contact attempts)

interest in continuing trial)

14 lost to follow-up (family unresponsive to

5 discontinued intervention (lack of time, no

8 missing socioemotional outcome data

!

16 lost to follow-up (child entered foster care,
family unresponsive to contact attempts)

1 discontinued intervention (no interest in
continuing trial)

18 missing socioemotional outcome data

!

161 included in analysis

153 included in analysis

FIGURE 1

Participant Consolidated Standards of Reporting Trials flow diagram, Omega Tots trial (N = 377), 2012—2017.

180-day period was selected to
ensure significant incorporation of
DHA into neuronal cell membranes
while maximizing enrollment and
retention because behavioral changes
have been reported among young
children after 90 days of
supplementation in other fatty acid
trials.?%*3 Because of the dearth of
trials involving toddlers born
preterm, the 180-day period was
conservatively selected. The placebo
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group was assigned to 180 days of
a matching placebo: 400 mg of

a daily microencapsulated corn oil
powder. DSM Nutritional Products
packaged both products identically
in foil packets. The NCH
Investigational Drug Services
distributed the packets directly to
families and advised families to
dissolve 2 packets daily in the child’s
milk or food for the duration of
the trial.

Compliance and Adverse Events

Caregivers recorded the number of
packets given each day to measure
compliance. The study physician
reviewed adverse events and
assessed whether they were related
to the intervention.

Data Collection

The baseline study visit (day 0)
included a caregiver-completed




questionnaire that collected
demographics and child diet
information. At the end of the trial
(day 180, prespecified time point of
interest), child socioemotional
development was assessed and
caregivers were asked to guess their
child’s treatment assignment.
Children’s age, gestational age, and
birth weight were obtained from
electronic medical records.

DHA Food Frequency Questionnaire

Using the DHA Food Frequency
Questionnaire, caregivers reported
the number of servings per month of
fatty fish, moderately fatty fish, and
white fish and/or shellfish the child
consumed.>* Results provided an
estimated DHA and eicosapentaenoic
acid (EPA) (a precursor to DHA)
intake (milligrams per day).>* Intake
as reported on this questionnaire has
been positively correlated with
plasma phospholipid and erythrocyte
fatty acid levels in previous research.

Brief Infant-Toddler Social and
Emotional Assessment

The Brief Infant-Toddler Social and
Emotional Assessment (BITSEA) is
composed of 42 items for assessing
socioemotional and behavioral
problems or delays in toddlerhood.
Caregivers answered each item as not
true or rarely (0), somewhat true or
sometimes (1), or very true or often
(2) of the child’s behavior in the
previous month. The BITSEA has
established scales: competence (11
items) and problem (31 items). Item
scores were summed to provide
competence (possible range: 0-22)
and problem (possible range: 0-62)
scores, respectively. The scales have
excellent test-retest reliability
(competence = 0.82; problem = 0.92)
and have been well validated.®> The
problem scale is further divided into
subscales: externalizing (6 items;
possible range: 0-12), internalizing (8
items; possible range: 0-16), and
dysregulation (8 items; possible
range: 0-16). Fourteen items
comprise a red flag scale (possible

range: 0-28). The BITSEA developers
identified 8 competence items and 9
problem items that are behaviors
often seen in children with ASD. Each
ASD item was dichotomized to
illustrate the presence (1) (ie,
competence items absent, problem
items present) or absence (0) (ie,
competence items present, problem
items absent) of each behavior.>®
Items were summed to derive an ASD
score (possible range: 0-17). Higher
competence scores represented
better functioning; higher problem,
red flag, and ASD scores represented
poorer functioning. All summed
BITSEA scores were calculated and
interpreted on the basis of
standardized procedures.

Per manual recommendations,
children scoring in the =14th
percentile on the competence scale
and the =24th percentile on the
problem scale were categorized as
having a possible delay in that
domain.?® The competence, problem,
and ASD scales were also
dichotomized at cut scores
(competence = =14; problem = =13;
ASD = =6) previously reported to be
predictive of ASD diagnoses for
children born preterm.2® The cut
scores have acceptable sensitivity
(competence = 0.74; problem = 0.78;
ASD = 0.70) and specificity
(competence = 0.76; problem = 0.68;
ASD = 0.73) for predicting ASD in
children born preterm.>®

Pervasive Developmental Disorders
Screening Test—Il, Stage 2

The Pervasive Developmental
Disorders Screening Test-II, Stage 2
(PDDST-II) is a clinically derived,
caregiver-completed screener to
assist in differentiating an ASD
diagnosis from other disorders in
children with developmental
concerns, including those born
preterm. The PDDST-II is composed
of 14 yes or no items that indicate the
presence (1) or absence (0) of
developmental concerns. Items were
summed (possible range: 0-14), and

higher scores represented greater
developmental concern; a cut score
=5 signified concern for ASD
(sensitivity = 0.73; specificity =
0.49).%"

Statistical Analysis

For all analyses, we used SAS
software (version 9.4; SAS Institute,
Inc, Cary, NC) and analyses were
conducted according to intent-to-
treat methods. No interim analyses
were conducted. In analyses of
treatment effects, we compared
BITSEA and PDDST-II continuous
scores at the end of the trial between
groups using a linear mixed model.
Analyses included a random effect for
the family to address statistical
nonindependence because of the
inclusion of multiple-gestation births.
Group mean differences divided by
the SD were calculated as
standardized effect sizes (Cohen’s d).
Log-binomial regression was used to
calculate risk ratios (RRs) for binary
outcomes, and identity link with
binomial error structure was used to
calculate risk differences (RDs).*® The
within-family correlation was
accounted for by using generalized
estimating equations. Interactions
with child sex were tested by using 2-
way interaction terms. Exploratory
post hoc subgroup analyses based on
child sex were performed.
Adjustments for multiple

comparisons were not made.39'40

RESULTS

Participant Characteristics

The median age of children was 15.7
(interquartile range [IQR] = 2.9)
months at enrollment; 15.4% were
born at =28 completed weeks’
gestation. On average, children
weighed 1727 g at birth, and 48.3%
were female. All but 1 child received
their assigned intervention. Most
respondents were mothers (96.0%)
with a median age of 30.8 (IQR = 9.3)
years at enrollment; 67.5% were
married or living with a partner,
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49.7% reported having public or no
insurance, 46.5% reported an annual
household income of <$35000 US
dollars, and 27.7% had a high school
or general equivalency diploma (GED)
or lower level of education. Baseline
characteristics were similar between
treatment groups (Table 1). Eighty-
three percent of enrolled children
(ntreatment = 161' nplacebo = 153) had
socioemotional outcome data.
Children with socioemotional
outcome data were more likely to be
white and less likely to be in receipt
of public or no insurance or live in

a household with income <$35 000
US dollars compared with children
without socioemotional outcome data
(Supplemental Table 4). Their
caregivers were also more likely to be
married or living with a partner and
more likely to have a higher level of
education.

Gompliance, Blinding, and Adverse
Events

Children consumed 81% of the
prescribed study product (of children
with adherence data). At trial end,
55% of caregivers in the treatment
group and 60% in the placebo group
guessed their child was assigned to
the treatment group, suggesting that
blinding remained intact (x* = 0.65;
P = .42). The proportion of
participants reporting adverse events
was similar between groups (1.7 per
child in the DHA + AA group; 2.0 per
child in the placebo group; difference
= —0.37 [95% confidence interval
(CD): —0.07 to 0.80]; P = .10). No
adverse events were judged to be
serious and related to the
intervention.

Treatment Effect on
Caregiver-Reported Socioemotional
Outcomes, Full Sample

Competence did not differ between
the DHA + AA and placebo groups
(Cohen’s d = 0.10; P = .42; Table 2).
The problem scale (Cohen’s d = 0.05;
P =.68), and the externalizing
(Cohen’s d = 0.03; P =.78),
internalizing (Cohen’s d = 0.12; P =
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TABLE 1 Participant Characteristics at Baseline, Omega Tots Trial (N = 377), 2012-2017

Baseline Characteristics Full Sample DHA + AA Placebo No. Missing
(N = 377) (n = 189) (n = 188) Observations
Child characteristics
Age at randomization, mo, adjusted for  15.7 (2.9) 15.7 (2.8) 15.6 (3.4) 0
prematurity, median (IQR)
Gestational age at delivery, completed  32.0 (4.0) 32.0 (4.0) 32.0 (4.0 0

wk, median (IQR)

Birth wt, g, mean (SD) 17274 1705.4 1749.5 1
(552.3) (534.3) (570.4)

Birth wt <1250 g, n (%) 81 (21.5) 45 (23.9) 36 (19.2) 1

Sets of multiple births (eg, twins, 95 29 26 0

triplets), n
Child sex female, n (%) 182 (48.3) 84 (44.4) 98 (52.1) 0
Race, n (%)

White 236 (62.6) 114 (60.3) 122 (64.9) 0

African American or Black 105 (27.9) 52 (27.5) 53 (28.2) —

Other or multiple races 36 (9.6) 23 (12.2) 13 (6.9) —
Hispanic or Latino ethnicity, n (%) 17 (4.5) 7 (3.7 10 (5.3) 0
Dietary DHA + EPA intake before 480 (63.6) 443 (53.8) 553 (68.7) 0

randomization, mg/d, median (IQR)

Caregiver and household characteristics
Relationship to child, n (%)

Mother 362 (96.0) 186 (98.4) 176 (93.6) 0
Age at enrollment, y, median (IQR) 30.8 (9.3) 30.8 (8.7)  30.8 (10.2) 0
Marital status, n (%)

Married or living with partner 253 (67.5) 129 (68.6) 124 (66.3) 2

Separated or divorced 18 (4.8) 7(3.7) 11 (5.9) —

Single, never married, or not living 104 (27.7) 52 (27.7) 52 (27.8) —

with partner
Public or no health insurance, n (%) 187 (49.7) 96 (51.1) 91 (48.4) 1
Annual household income <$35000, n 174 (46.5) 85 (45.2) 89 (47.9) 3
(%)
Education, n (%)

High school or GED or less 104 (27.7) 47 (25.0) 57 (30.3) 1

Some college or associate’s degree 136 (36.2) 73 (38.8) 63 (33.5) —

Bachelor’s degree or higher 136 (36.2) 68 (36.2) 68 (36.2) —

—, not applicable.

.32), and dysregulation (Cohen’s d =
—0.005; P = .97) subscales also did
not differ by treatment group at the
end of the trial, nor did the red flag
(Cohen’s d = 0.06; P = .62) or
continuous ASD (Cohen’s d = 0.05; P =
.69) BITSEA scales. Similarly, PDDST-
II continuous scores did not differ

CI: 0.45 to 0.97]; RD = —0.11 [95%

Cl: —0.21 to —0.01]).

Exploratory Assessment of
Treatment Effect on
Caregiver-Reported Socioemotional
Outcomes, by Sex

between groups (Cohen’s d = 0.15;
P =.22).

The percentage of children scoring in
at-risk ranges did not differ between
groups for any of the dichotomized
BITSEA scores (Table 3). Children
randomly assigned to DHA + AA
had a decreased risk of scoring above
the PDDST-II cut score (indicating
clinical concern) at trial end
compared with those randomly
assigned to placebo (RR = 0.66 [95%

Girls randomly assigned to DHA + AA
had a decreased risk of scoring above
the BITSEA ASD cutoff compared with
girls randomized to placebo (RR =
0.43 [95% CI: 0.22 to 0.85]; RD =
—0.18 [95% CI: —0.31 to —0.05];
Table 3), and boys randomly assigned
to DHA + AA had a decreased risk of
scoring above the PDDST-II cut score
compared with boys randomly
assigned to placebo (RR = 0.54 [95%
CI: 0.31 to 0.95]; RD = —0.15 [95%
CI: —0.30 to —0.01]). No other
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TABLE 2 Difference in Continuous Socioemotional Outcomes at End of 180-Day Trial, Omega Tots Trial, 2012—2017

Outcome DHA + AA/Placebo, No. Score at End of Difference, B (95% Ch®  Effect Size P Interaction Term P Child Sex
Trial, Mean (SD)
DHA + AA Placebo

Full sample
BITSEA competence 161/152 16.50 (3.09) 16.73 (2.94) .29 (—0.42 to 0.99) 0.10 42 24
BITSEA problem 161/153 9.81 (6.01)  10.18 (6.84) 31 (—1.19 to 1.81) 0.05 68 22
BITSEA externalizing 161/153 2.29 (2.06) 2.30 (1.98) .07 (—0.40 to 0.54) 0.03 78 .70
BITSEA internalizing 161/153 2.04 (1.58) 231 (2.10) 22 (—0.21 to 0.69) 0.12 32 a7
BITSEA dysregulation 161/153 3.25 (2.57) 3.29 (2.59) —.01 (—0.62 to 0.60) —0.005 97 43
BITSEA red flag 161/153 2.93 (2.48) 3.12 (2.85) .16 (—0.46 to 0.78) 0.06 62 .59
BITSEA ASD 161/152 411 (2.29) 4.36 (2.98) 13 (—0.49 to 0.74) 0.05 89 14
PDDST-II 160/153 291 (2.35) 3.37 (3.02) 39 (—0.24 to 1.02) 0.15 22 .80

Female sex
BITSEA competence 69/81 17.29 (3.03)  16.91 (3.02) —.19 (=119 10 0.82) —0.06 Al —
BITSEA problem 69/81 8.68 (5.19) 9.90 (6.67) 1.13 (—0.88 to 3.14) 0.18 27 —
BITSEA externalizing 69/81 1.71 (1.61) 1.86 (1.84) 15 (=043 to 0.74) 0.09 61 —
BITSEA internalizing 69/81 1.99 (1.55) 244 (2.22) 41 (—0.23 to 1.06) 0.21 21 —
BITSEA dysregulation 69/81 291 (2.42) 317 (2.32) .26 (—0.53 to 1.06) 0.11 51 —
BITSEA red flag 69/81 2.58 (2.29) 3.23 (2.90) .60 (—0.29 to 1.50) 0.22 18 —
BITSEA ASD 69/81 3.55 (2.13) 4.41 (3.02) .72 (—0.16 to 1.61) 0.27 Bh —
PDDST-II 69/81 2.84 (2.29) 3.35 (3.01) .36 (—0.55 to 1.27) 0.13 44 —

Male sex
BITSEA competence 92/71 15.90 (3.01)  16.52 (2.86) .63 (—0.32 to 1.58) 0.21 19 —
BITSEA problem 92/72 10.66 (6.45)  10.49 (7.06) —.20 (—2.40 to 1.99) —0.03 .86 —
BITSEA externalizing 92/72 2.73 (2.26) 2.79 (2.03) .14 (—0.56 to 0.84) 0.07 89 —
BITSEA internalizing 92/72 2.08 (1.61) 215 (1.97) .01 (—0.57 to 0.60) 0.01 96 —
BITSEA dysregulation 92/72 3.50 (2.65) 3.43 (2.86) —.15 (—1.05 to 0.79) —0.05 75 —
BITSEA red flag 92/72 3.20 (2.59) 3.00 (2.81) —.16 (—1.05 t0 0.72) —0.06 72 —
BITSEA ASD 92/71 4.52 (3.34) 430 (2.94) —.26 (—1.10 to 0.58) —0.10 54 —
PDDST-II 91/72 2.96 (2.41) 3.50 (3.04) .52 (—0.35 to 1.40) 0.19 24 —

—, not applicable.

a The difference column is based on a mixed-effect model and includes random effects for the family, and thus the difference in score on each outcome may differ from the results
obtained when calculating the raw difference between treatment and placebo. The values are represented in terms of the original metric.

subgroup effects were statistically
significant.

DISCUSSION

In this secondary analysis of

a randomized, fully masked, placebo-
controlled trial, we explored the
effect of DHA + AA supplementation
during toddlerhood on caregiver-
reported socioemotional
development in toddlers born
preterm. Supplementation did not
affect measures of competence or
problem behaviors, but it did result
in 0.66 times the risk of clinical
concern for ASD in the full cohort,
per the PDDST-II. Exploratory
subgroup analyses revealed

a decreased risk of clinical concern
for ASD in girls (per the BITSEA
ASD cut score) and boys (per the
PDDST-II cut score) randomly
assigned to DHA + AA compared with

placebo. The magnitude of all effects
was small.

Authors of previous experimental
work in which neonates were
supplemented with varying levels of
DHA, alone or in combination with AA
or EPA, reported inconsistent findings
on socioemotional outcomes
throughout early childhood.
Additionally, in studies in which the
authors reported no effect of
supplementation on socioemotional
development in the short-term, they
found negative effects on these
outcomes as children entered
school.2®*!

In the DHA for the Improvement of
Neurodevelopmental Outcome in
Preterm Infants trial, the milk of
preterm (<33 weeks) neonates was
supplemented with DHA. High-DHA
milk had no effect on socioemotional
development at 3 to 5 years; however,

at 7 years, girls randomly assigned to
high-DHA milk had more conduct
problems and overall socioemotional
difficulties than girls randomly
assigned to standard-DHA milk.%*¢ In
the Preemie Tots trial, the diets of
preterm (=29 weeks) toddlers (aged
18-36 months) were supplemented
with fish and borage oil or a placebo
for 90 days. The authors reported no
treatment effects for competence or
problem behaviors but did report

a large reduction in parent-reported
ASD behaviors (Cohen’s d = 0.71; P =
.03) after supplementation.?? The
authors of a Norwegian trial in which
the diets of low birth weight infants
were supplemented with DHA + AA
reported no effect on socioemotional
outcomes at 6 or 20 months.>*?°
Finally, in a trial in Ethiopia, DHA +
EPA was provided to lactating
mothers, directly to their breastfed
children, or to both the mother and
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TABLE 3 Risk of Dichotomized Socioemotional Outcomes at End of 180-Day Trial, Omega Tots Trial, 2012—2017

DHA + AA/Placebo, No. at End Caregiver Endorsed

RR (95% CI)

RD (95% Cl) Interaction Term P, Child

of Trial at End of 180- Sex
d Trial, n (%)
DHA + AA Placebo
Full sample
BITSEA competence, delayed 161/152 22 (14) 25 (16) 0.87 (0.50 to 1.50) —0.02 (—0.10 to 0.06) 15
BITSEA competence, ASD risk 161/152 32 (20) 35 (23) 091 (0.59 to 1.42) —0.02 (—0.11 to 0.07) .05
cutoff
BITSEA problem, delayed 161/153 35(22) 35 (23) 097 (0.64 to 1.48) —0.01 (—0.10 to 0.09) 45
BITSEA problem, ASD risk 161/153 42 (26) 39 (25) 1.07 (0.73 to 1.55)  0.02 (—0.08 to 0.12) .56
cutoff
BITSEA ASD, ASD risk cutoff 161/152 39 (24) 45 (30) 0.88 (0.60 to 1.28) —0.03 (—0.14 to 0.07) .003
PDDST-II, fail 160/153 33 (21) 49 (32) 066 (045 to 0.97) —0.11 (=021 to —0.01) 29
Female sex
BITSEA competence, delayed 69/81 6 (9) 15 (19)  0.52 (0.21 to 1.28) —0.08 (0.05 to —0.18) —
BITSEA competence, ASD risk 69/81 8 (12) 21 (26)  0.57 (0.30 to 1.07) —0.09 (—0.20 to 0.01) —
cutoff
BITSEA problem, delayed 69/81 13 (19) 19 (23)  0.86 (0.47 to 1.57) —0.03 (—0.16 to 0.10) —
BITSEA problem, ASD risk 69/81 15 (22) 19 (23) 099 (0.56 to 1.74)  0.00 (—0.14 to 0.13) —
cutoff
BITSEA ASD, ASD risk cutoff 69/81 9 (13) 28 (35) 043 (0.22 to 0.85) —0.18 (—0.31 to —0.05) —
PDDST-II, fail 69/81 17 (25) 25 (31)  0.81 (0.48 to 1.36) —0.06 (—0.20 to 0.08) —
Male sex
BITSEA competence, delayed 92/71 16 (17) 10 (14)  1.19 (0.55 to 2.56) 0.03 (—0.09 to 0.14) —
BITSEA competence, ASD risk 92/71 24 (26) 14 (20) 1.31 (0.72 t0 2.38)  0.06 (—0.07 to 0.19) —
cutoff
BITSEA problem, delayed 92/72 22 (24) 16 (22) 1.08 (0.61to 191)  0.02 (—0.11 to 0.15) —
BITSEA problem, ASD risk 92/72 27 (29) 20 (28) 1.11 (0.66 to 1.85)  0.03 (—0.12 to 0.18) —
cutoff
BITSEA ASD, ASD risk cutoff 92/71 30 (33) 17 (24)  1.37 (0.81 to 2.31)  0.09 (—0.05 to 0.23) —
PDDST-II, fail 91/72 16 (18) 24 (33)  0.54 (0.31 to 0.95) —0.15 (—0.30 to —0.01) —

—, not applicable.

the child, and the authors reported no
effect of supplementation on
socioemotional development from 6
to 24 months.*

The timing, dose, and duration of
supplementation may help explain
the inconsistencies in findings. For
example, the supplementation period
for the DINO trial and the trial in
Norway was from within 1 week of
birth for 8 to 9 weeks, on average. In
comparison, in the Omega Tots trial,
supplementation started later (ie,
closer to age 1 year) and continued
for a longer period of time (ie, 6
months). Starting at 1 year, the
average DHA intake for children not
receiving breast milk or formula is
~20 mg/day, an estimated 48% to
71% reduction compared to when the
child is breastfed and/or formula
fed.*® Supplementation that begins in
toddlerhood, after a child is weaned
from DHA-rich breast milk or formula
and begins a diet low in DHA, may
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have different relationships with
developmental outcomes because it
provides DHA at a time when the
child would otherwise consume low
amounts of DHA. Although in the
Ethiopian trial, a 12-month
supplementation period began at 6 to
12 months, only infants who were
still breastfeeding were eligible. This
criterion and dietary differences
between the United States and
Ethiopia may explain the difference in
findings reported here. Given the
negative long-term effects of early
supplementation reported previously
and the large volume of infant and
toddler products high in DHA readily
available in the United States,
assessing the long-term effects of
DHA on children is crucial.

Children born preterm are at an
increased risk for ASD, a risk that
increases with the degree of
prematurity.**™*” The prevalence of
ASD in children born preterm is

significantly higher than in children
born term (1.78% vs 1.22%; P <
.001), with children of the lowest
gestational ages demonstrating the
highest prevalence.44 Furthermore,
late or moderately preterm children
have a nearly 60% higher risk of
having a positive ASD screen result at
age 2 years compared with their term
peers.*® ASD symptomology may be
detectable earlier than general
socioemotional delays, making ASD
behaviors particularly susceptible to
identification and DHA support in
toddlerhood. Although in the current
study, we did not find a treatment
effect of DHA supplementation on
competence and problem behaviors
at 2 years, effects on socioemotional
development may emerge as children
approach school age, as has been
reported previously.26*4?

This study has limitations. The study
relied on caregiver-reported
behaviors; therefore, caregiver bias



cannot be ruled out. However,
caregivers were blinded and poor at
guessing their child’s treatment
assignment. Some of our measures
may not have been sensitive to
treatment effects, especially at this
young age. We relied on caregiver
report of compliance with assigned
treatment. Although caregivers
reported mixing >80% of the
prescribed dose in the child’s food,
whether the child ate the food is
unknown. Outcomes were collected at
the final study visit; therefore, we
could not examine incremental
changes from the beginning to the
end of the trial or as a function of
treatment assignment, nor could we
include a baseline value in the
analytical model. However, given that
children were randomly assigned to
DHA + AA or a placebo, we expected
that baseline socioemotional
development would be similar across
groups and that any differences in
outcomes at the end of the trial would
be due to DHA + AA
supplementation. The lower ASD risk
for children randomly assigned to
DHA + AA compared with placebo
may be a chance effect due to
multiple comparisons.

This trial has several strengths.
Treatment compliance was very good,
indicating that the approach was
feasible for families with young
children born preterm. Because
multiple-gestation births are common
among preterm births, they are often
included in clinical trials related to
prematurity, as in this trial.
Additionally, we included children up

to 35 weeks’ completed gestation, as
opposed to more limited gestational
ages included in previous studies.?*%®
Because we drew participants from
a roster of all children who required
NICU care, the source population was
not subject to some of the
participation biases in studies that
relied on volunteers or patients of
neonatal follow-up clinics.
Collectively, these methodologic
strengths increase the generalizability
of the findings to the larger preterm
population. Finally, because
caregivers were poor at correctly
guessing their child’s treatment
assignment, we can rule out
accidental unblinding or caregiver
suspicions about treatment
assignment as influences on caregiver
reports of child behavior.

CONCLUSIONS

Although no overall treatment effect
of DHA + AA supplementation was
observed on caregiver-reported
outcomes of child competence and
problem behaviors, children
randomly assigned to DHA + AA had
a decreased risk of clinical concern
for ASD compared with those
assigned to a placebo. Given the
study’s short time frame and the post
hoc design, these findings should be
interpreted cautiously. Future
research in larger samples of children
born preterm and longer follow-up
are warranted to explore the long-
term effects of DHA + AA
supplementation for socioemotional
development, including ASD
diagnosis, as children enter school.
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