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A B S T R A C T

Background: Several meta analyses have concluded n-3 fatty acids, including docosahexaenoic acid (DHA),
reduce early preterm birth (EPB, < 34 weeks), however, the amount of DHA required is unclear. We hypothe-
sized that 1000 mg DHA per day would be superior to 200 mg, the amount in most prenatal supplements.
Methods: This randomised, multicentre, double-blind, adaptive-design, superiority trial was conducted in
three USA medical centres. Women with singleton pregnancies and 12 to 20 weeks gestation were eligible.
randomization was generated in SAS� by site in blocks of 4. The planned adaptive design periodically gener-
ated allocation ratios favoring the better performing dose. Managing study personnel were blind to treat-
ment until 30 days after the last birth. The primary outcome was EPB by dose and by enrolment DHA status
(low/high). Bayesian posterior probabilities (pp) were determined for planned efficacy and safety outcomes
using intention-to-treat. The study is registered with ClinicalTrials.gov (NCT02626299) and closed to
enrolment.
Findings: Eleven hundred participants (1000 mg, n = 576; 200 mg, n = 524) were enrolled between June 8,
2016 and March 13, 2020 with the last birth September 5, 2020. 1032 (n = 540 and n = 492) were included in
the primary analyses. The higher dose had a lower EPB rate [1.7% (9/540) vs 2.4% (12/492), pp=0.81] espe-
cially if participants had low DHA status at enrolment [2.0% (5/249) vs 4.1%, (9/219), pp=0.93]. Participants
with high enrolment DHA status did not realize a dose effect [1000 mg: 1.4% (4/289); 200 mg: 1.1% (3/271),
pp = 0.57]. The higher dose was associated with fewer serious adverse events (maternal: chorioamnionitis,
premature rupture of membranes and pyelonephritis; neonatal: feeding, genitourinary and neurologic prob-
lems, all pp>0.90).
Interpretation: Clinicians could consider prescribing 1000 mg DHA daily during pregnancy to reduce EPB in
women with low DHA status if they are able to screen for DHA.

© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Panel: research in context

Evidence before this study

We searched for multinational research assessing early preterm
birth less than 34 weeks in randomized trials of n-3 long chain
fatty acid supplementation during pregnancy in PubMed, MED-
LINE, Google and ClinicalTrials.gov for articles published
between Jan 1, 1990 and Feb 1, 2015 using the terms “DHA” OR
“docosahexaenoic acid” OR “n-3 fatty acids” OR “omega-3 fatty
acids” AND “pregnancy” OR “preterm birth” without language
restrictions. Prior to our study, two meta-analyses had con-
cluded n-3 fatty acids could significantly reduce early preterm
birth (birth less than 34 weeks gestation). No prior studies
were designed to determine early preterm birth as a primary
outcome or examine DHA dose. The “Australian Omega-3 to
Reduce the Incidence of Preterm Birth” (ORIP) trial had just
begun. Like our trial, “Assessment of DHA on Reducing Early
Preterm Birth” (ADORE), ORIP was designed to measure early
preterm birth as a primary outcome.

Added value of this study

To our knowledge, this is the first to compare 1000 mg DHA to
200 mg DHA, the amount in most prenatal supplements that
provide DHA, to prevent early preterm birth < 34 weeks. The
study found 1000 mg DHA was likely better than 200 mg DHA
in reducing early preterm birth <34 weeks (posterior probabil-
ity or pp = 0.91), especially for women with low DHA status at
the time they were enrolled (pp = 0.93). The higher dose also
resulted in fewer maternal and neonatal serious adverse events.

Implications of all the available evidence

Clinicians could advise pregnant women with low DHA status
to consume a DHA supplement of 1000 mg per day to reduce
their odds of delivering before 34 weeks gestation. Our evi-
dence added to evidence from the 2018 Cochrane Review and
secondary results from the ORIP trial published in 2020 could
be used by the USA to set a Dietary Reference Intake for DHA in
pregnancy.
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1. Introduction

Early preterm birth (EPB), defined as birth before 34 weeks gesta-
tion [1], is of great concern as these births result in the highest risk of
infant mortality, child disability, and societal cost [2]. In the USA, the
rate of EPB was 2.75% with the vast majority of preterm births occur-
ring from 34 to 36 weeks of gestation [1]. Emerging evidence from
early gestation suggests the risk of spontaneous preterm labor differs
mechanistically from term labor [3]. To date, few methods (e.g. cervi-
cal length evaluation, maternal biomarkers) have been proposed to
predict women at high risk of preterm birth, and few are used clini-
cally. However, even if pregnancies at risk for preterm birth could be
identified, reliable prevention measures have been elusive. A recent
Cochrane Review concluded there is strong evidence that n-3 long
chain polyunsaturated fatty acid supplementation, including docosa-
hexaenoic acid (DHA), can reduce EPBs by nearly half [4]; however,
the optimal dose was never identified, the type of omega-3 supple-
mentation was not tested and the analysis included both DHA and
eicosapentaenoic acid (EPA) supplementation.

A low dietary intake of DHA is common in parts of the world that
consume little or no seafood. Women in the USA consume only about
60 mg dietary DHA daily [5]. In the Kansas University DHA Outcomes
Study (KUDOS), conducted from 2006 to 2010, we commonly
Please cite this article as: S.E. Carlson et al., Higher dose docosahexaenoi
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observed very low DHA status before women were randomised to 0
or 600 mg DHA daily [6]. Their mean red blood cell phospholipid
DHA at enrolment was only 4.3% of total fatty acids. In comparison,
the mean level reported in pregnant persons in Norway, a country
with a very low rate of preterm birth, is 6.9% [7]. Although a primary
outcome of the KUDOS was to determine the effect of DHA supple-
mentation on pregnancy outcome in low-risk pregnancies, a second-
ary finding was a much lower rate of EPB in the supplemented
compared to the placebo group (0.6% vs. 4.8%) [6]. That finding led to
the study we report here, which included both high- and low-risk
pregnancies.

The primary aim of “Assessment of DHA on Reducing Early Pre-
term Birth” (ADORE) was to determine whether participants assigned
to a prenatal supplement of 1000 mg DHA daily would have a lower
rate of EPB than those assigned to 200 mg daily. Although, the USA
National Academy of Medicine does not set a Dietary Recommended
Intake (DRI) for DHA in pregnancy, the FAO/WHO [8] recommends a
minimum intake of 200 to 300 mg of DHA per day and up to 1000 mg
during pregnancy and lactation. In the past 10 years, 200 mg has
become a standard addition to many prenatal supplements. Because
prenatal supplements with DHA were already being consumed by
some women in the USA when we proposed the trial in 2015, we
conducted a superiority trial comparing a dose of 1000 mg to the
standard prenatal dose of 200 mg.

2. Methods

2.1. Study design

This was a multicentre, double-blind, randomised, superiority
trial of women recruited at one of three large academic medical cen-
ters in the United States (University of Kansas, Ohio State University
and University of Cincinnati). The University of Kansas Medical Cen-
ter granted approval under a central IRB with reliance by the other
institutions (STUDY00003455). The study protocol is published [9].
The trial is registered (ClinicalTrials.gov: NCT02626299). Both the
study protocol and statistical analysis plan are accessible at https://
r2d2.kumc.edu/ADORE/index.jsp. We chose a Bayesian Adaptive
Design with efficiency in mind as there is broad acceptance these
designs save time and money and lead to more ethical studies [10].
During protocol design, we conducted extensive trial simulations
comparing different designs measuring the resources (time and num-
ber of patients required) and selected the implemented design as the
most effective and efficient. Based on our estimation, the most likely
scenario was for 3 and 1% EPB in standard (low) and high dose
groups, respectively.

2.2. Participants

At enrolment, participants were � 18 years old, 12 to 20 weeks
gestation, able to speak and read in either English or Spanish and
agreed to consume the capsules provided. Women excluded were
those with multifetal gestations, < 18 years old, and < 12 or > 20
weeks gestation, unwilling to discontinue a daily prenatal vitamin
DHA supplement of 200 mg or more, or allergic to any component of
DHA (including algae) or vegetable oil. The USA Food and Drug
Administration (FDA) required DHA to be studied as an Investiga-
tional New Drug (IND #129,482), and they imposed limited exclusion
criteria to ensure the trial was generalisable. All participants gave
written consent.

2.3. Randomization and masking

Participants were randomised to one of two groups (200 or
1000 mg) with a maximum number of pregnant persons nmax = 1100
enrolments and 5% expected dropout. Each study site had a separate
c acid supplementation during pregnancy and early preterm birth: A
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Fig. 1. Trial profile.
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randomization table to reduce the potential for geographical bias. The
initial allocation was in blocks of 4 using an electronic research tool
(Powered by WCG Velos, Fremont, CA) customized by the University
of Kansas Medical Center Department of Biostatistics & Data Science.
Participants gave consent in person, and their data were entered into
the electronic research tool. After the participants’ data were entered,
the research tool revealed the dose assignment as black stripe or solid
black. The assigned bottles of capsules, also coded as black stripe or
solid black, were then administered by the study recruiter. Following
the planned Bayesian Adaptive Design, after the intial 1:1 allocation,
trial data on EPB were used to generate new allocation tables that
were appended to the existing tables, a process repeated every 13
weeks until enrolment ended. A total of ten allocations were
Please cite this article as: S.E. Carlson et al., Higher dose docosahexaenoic
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generated (Fig. 1). All members of the study team and participants
were blinded to assignment throughout the trial except two mem-
bers of the team (ARB, DPM), who were responsible for conducting
each interim analysis and adding the new allocation tables. Neither
had contact with participants. Capsules were dispensed in opaque
bottles.

2.4. Procedures

All participants received a bottle containing 200 mg DHA capsules
and were instructed to take one capsule daily. Also, participants were
randomly assigned to take 2 additional capsules daily that contained
either a mixture of corn and soybean oil (low dose) or 400 mg of an
acid supplementation during pregnancy and early preterm birth: A
icine (2021), https://doi.org/10.1016/j.eclinm.2021.100905
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algal source of DHA (high dose) (Life's DHATM-S oil, DSM Nutritional
Products LLC, Switzerland) for a total possible DHA exposure of 200
or 1000 mg daily. Investigational capsules were orange flavored so
participants with eructation could not guess assignment. Study per-
sonnel supplied participants the first bottles at enrolment. Thereafter,
participants received additional capsules by mail monthly from the
University of Cincinnati Investigational Pharmacy and returned
unconsumed capsules by mail to the Pharmacy for counting and dis-
posal. At the end of the study, one member of the team (ARB) audited
the Investigational Pharmacy refills against the planned allocations
and identified two errors. In the first case, an incorrect bottle was
mailed the day the participant indicated she had stopped capsule
intake. In the second, the participant received the correct treatment
from the bottle dispersed at enrolment but the incorrect treatment
by mail. Both women were included in the analysis according to their
assigned treatment.

After enrolment, study personnel were in monthly contact with
participants until delivery to encourage compliance and inquire
about any participant concerns. Maternal and umbilical cord bloods
were obtained at delivery by medical center clinical staff and trained
study personnel prepared samples for storage. Participants who
wished to discontinue capsule intake chose in writing whether to
allow their blood samples and medical record to be used or to with-
draw from the study.

2.5. Outcomes

The primary efficacy outcome, the effect of DHA dose on EPB, was
centrally assessed. Pregnancy dating was determined in accordance
with the American College of Obstetrics and Gynecology guidelines
[11] and typically confirmed by an ultrasound at less than 14 weeks
gestation. Secondary efficacy outcomes included preterm birth (birth
< 37 weeks gestation), maternal DHA status (red blood cell phospho-
lipid DHA as a percent of total fatty acids) at enrolment and delivery,
neonate DHA status; very low birth weight (< 1500 g), low birth
weight (< 2500 g), gestational age at delivery, weight, length and
head circumference at delivery, and pregnancy outcomes (gestational
diabetes, preeclampsia, Cesarean delivery, spontaneous or induced
labor, and occurrence and reason for non-routine hospitalization).

We recorded serious adverse events (death, life-threatening event,
hospital admission, persistent or significant disability/incapacity or
congenital anomaly/birth defect) and adverse events (clinical signs
and symptoms possibly related to DHA safety). Because our focus was
preterm birth, we recorded preterm delivery/preterm birth as both a
maternal and neonatal adverse event, while serious maternal and neo-
natal adverse events related to preterm birth were recorded in the rel-
evant maternal or neonatal disease or organ category.

2.5.1. Blood collection and analysis
Maternal blood samples were collected at enrolment and during

the antenatal hospitalization when delivery was imminent, or the fol-
lowing morning if an antenatal sample was not obtained. Maternal
blood and umbilical cord blood were collected in EDTA tubes (BD
Vacutainer, Franklin Lakes, NJ), placed on wet ice and processed for
storage within 24 h. Plasma, buffy coat and red blood cell (RBC) frac-
tions were separated by centrifugation (3000xg, 10 min, 4 °C) and
stored at �80 °C in barcoded vials before analysis. DHA was deter-
mined in maternal samples obtained at enrolment and delivery and
on umbilical cord blood (RBC phospholipid weight percent of total
fatty acids). All analyses were completed at the University of Kansas
Medical Center in the laboratory of a principal investigator (SEC) as
described previously [6], with a 10 min transmethylation prior to
separation of fatty acid methyl esters by gas chromatography. We
considered an enrolment RBC phospholipid DHA < 6% as indicative
of low DHA status and a DHA% �6% as high status. We chose 6% as a
cut off based on a secondary analysis [12] from the Omega-3 to
Please cite this article as: S.E. Carlson et al., Higher dose docosahexaenoi
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Reduce the Incidence of Preterm Birth (ORIP) trial [13], which
showed supplementation reduced EPB only in participants with low
DHA status at enrolment. To convert the blood spot procedure used
to determine DHA status in ORIP to our red blood cell phospholipid,
we divided 2.85%, where the plot in Simmonds et al. [12] changes
risk profiles, by 0.4754.

2.6. Statistical analysis

The response adaptive randomization allowed for potentially
varying sample size if either dose was better performing. The EPB
rates by DHA dose drove the randomization probabilities and stop-
ping criteria. EPB rates by dose were modeled as treatment-specific
binomial distributions [9]. The planned enrollment was changed
twice during the trial. First, we changed from 1355 to 1200, because
the expected dropout rate was much lower than expected. Later this
was changed to 1100 because of a pause in the enrollment from the
pandemic. Both decisions are substantiated by power calculations
that are described in the statistical analysis plan (https://r2d2.kumc.
edu/ADORE/index.jsp). The interim analyses were prespecified to
occur every 13 weeks after 300 participants had been enrolled and
until 1100 participants were enrolled. With each interim analysis, an
updated randomization schedule was generated. The study would
have stopped after 800 participants were enrolled had there been a
posterior probability greater than 0.99 of one dose having lower EPB
rate than the other. The posterior probability (pp) represents the
probability the EPB rate from 1000 mg is lower than that of women
given 200 mg. Similarly, the 95% credible interval represents the EPB
rate interval having 0.95 probability given the trial data. Bayesian
quantities are calculated for secondary outcomes and the safety data.
Based on the prespecified design, this study had 80% power with
approximately 5% Type I error to detect the best dose [9]. The ADORE
trial was powered using a Bayesian model for a dichotomous variable
of EPB. In addition, with the availability of new statistical methodol-
ogy, we utilized a more sophisticated modeling approach that used a
mixture of three normal distributions to model gestational age at
birth as a continuous time-to-event value, an approach much more
efficient than the binomial model [14]. We utilized the continuous
data to dichotomise EPB and to model EPB in subgroups with low
and high DHA enrolment status. The plan to analyze the interaction
between baseline DHA status and dose was added while the trial was
ongoing because of new data [12] from the ORIP trial [13].

All the secondary measures used a Bayesian model that was bino-
mial for binary measures and normal for continuous measures. For
specific adverse and serious adverse events, we fit a multilevel bino-
mial [15] model by using the incidence of events by body category
across doses for both mothers and infants.

All analyses were performed using the intention-to-treat dataset.
Data of participants who withdrew or were lost to follow-up were
treated as missing and multiple imputation was performed within
the Bayesian model. We utilized OpenBUGS version 3.2.3 rev 1012
for all Bayesian analyses. All analyses were fitted using 10,000 burn-
in draws of Markov chain Monte Carlo, followed by 40,000 draws for
inference.

The study data safety monitoring committee included two neona-
tologists, one obstetrician and a pediatric epidemiologist, who evalu-
ated progress of the study and adverse events yearly. The trial was
registered with ClinicalTrials.gov (NCT02626299) on December 8,
2015.

An exploratory analysis of the recently published ORIP trial con-
cluded that participants who began the study in the highest quartile
of n-3 fatty acids status had an increased risk of EPB (2.2%) with sup-
plementation relative to participants with high n-3 fatty acid status
given the placebo (0.8%) [12]. Because of concern raised by this
report, we conducted a similar analysis of women in ADORE by quar-
tile of DHA status at enrolment.
c acid supplementation during pregnancy and early preterm birth: A
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Table 1
Baseline characteristics of the intention-to-treat population.

Baseline Characteristic 200 mg/day
N = 524 (47.6%)

1000 mg/day N = 576 (52.4%) TotalN = 1100

Site
University of Cincinnati Medical center 118 (22.5) 134 (23.3) 252 (22.9)
Ohio State University 173 (33.0) 186 (32.3) 359 (32.64)
University of Kansas Medical center 233 (44.5) 256 (44.4) 489 (44.5)
Age at enrolment, yr 30.0 § 5.8 30.3 § 5.6 30.2 § 5.7

N = 522 N = 571 N = 1093
DHAmean% of RBC total fatty acids (SD)1 6.46 § 1.77 6.30 § 1.76 6.38 § 1.77
Pre-pregnancy BMI, kg/m2, mean (SD) 28.2 § 7.3 28.3 § 7.3 28.2 § 7.3
Marital Status, n (%)
Married/partnered 335 (63.9) 369 (64.1) 704 (64.0)
Other2 189 (36.1) 207 (35.9) 396 (36.0)
Maternal Race and Ethnicity, n (%)
American Indian or Alaskan Native 2 (0.4) 2 (0.4) 4 (0.4)
Asian 9 (1.7) 18 (3.1) 27 (2.5)
Black or African American 122 (23.3) 118 (20.5) 240 (21.8)
Hispanic 109 (20.8) 136 (23.6) 245 (22.3)
Native Hawaiian or Pacific Islander 0 (0.0) 1 (0.2) 1 (0.1)
White 265 (50.6) 288 (50.0) 553 (50.3)
Biracial: Asian, White 6 (1.2) 2 (0.4) 8 (0.7)
Biracial: Asian, Black 0 (0.0) 1 (0.2) 1 (0.1)
Biracial: Black, White 6 (1.2) 5 (0.9) 11 (1.0)
Biracial: Native American, White 0 (0.0) 1 (0.2) 1 (0.1)
Multiracial: Asian, Black, White 1 (0.2) 0 (0.0) 1 (0.1)
Multiracial: Black, Native American, White 0 (0.0) 3 (0.5) 3 (0.3)
Other3 4 (0.8) 1 (0.2) 5 (0.5)
Maternal Education, n (%)
Less than high school graduate 69 (13.2) 90 (15.6) 159 (14.5)
HS graduate or equivalent 112 (21.4) 121 (21) 233 (21.2)
Some college or tech school 99 (18.9) 114 (19.8) 213 (19.4)
Bachelor's degree obtained 133 (25.4) 116 (20.1) 249 (22.6)
Master's degree obtained 76 (14.5) 84 (14.6) 160 (14.6)
Doctorate 35 (6.7) 51 (8.9) 86 (7.8)
Family Income, n (%)
Less than $15,000 112 (21.4) 118 (20.5) 230 (20.9)
$15,000 - $24,999 58 (11.1) 78 (13.5) 136 (12.4)
$25,000 - $49,999 92 (17.6) 98 (17) 190 (17.3)
$50,000 - $99,999 93 (17.8) 113 (19.6) 206 (18.7)
$100,000 - $149,999 96 (18.3) 92 (16) 188 (17.1)
At least $150,000 59 (11.3) 59 (10.2) 118 (10.7)
Unknown 14 (2.7) 18 (3.1) 32 (2.9)
Ever Smoker, yes n (%) 126 (24.0) 151 (26.2) 277 (25.2)
6 Months prior, yes n (%) 71 (13.5) 71 (12.3) 142 (12.9)
Current smoker, yes n (%) 32 (6.1) 25 (4.3) 57 (5.2)
Pregnancy History, n (%)
Primagravida 160/522 (30.7) 164/572 (28.7) 324/1094 (29.6)
Prior preterm birth4 67/362 (18.5) 75/408 (18.4) 142/770 (18.4)
Prior early preterm birth (<34 wks)4 27/362 (7.4) 27/408 (6.6) 58/770 (7.0)
1 7 missing baseline blood.
2 divorced (17), refused (2), separated (12), unmarried/single (365).
3 200MG: “Asian-Pakistani”, “Arab”, “Middle Eastern” 1000MG: “Arab, White”.
4 participants with a prior pregnancy.
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2.7. Role of the funding source

The National Institutes of Health Child Health and Human Devel-
opment (NICHD) funded the study but had no role in study design,
data collection, data analysis, data interpretation, or writing of the
Article. Life's DHATM-S oil, DSM Nutritional Products LLC, Switzerland
provided all capsules, but the company had no role in any aspect of
the study or writing of the report. The corresponding author and
principal investigators (BJG, CKV) had full access to all the data in the
study and had final responsibility for the decision to submit the man-
uscript.

3. Results

Participants were enrolled between June 8, 2016 and March 13,
2020. Out of the 10,497 women screened for eligibility, 9397 were
excluded leaving us with 1100 participants who were enrolled under
an adaptive design (Fig. 1 trial profile,1000 mg, n = 576; 200 mg,
Please cite this article as: S.E. Carlson et al., Higher dose docosahexaenoic
randomised, double-blind, adaptive-design superiority trial, EClinicalMed
n = 524). 1032 had observed outcome data (n = 540 and n = 492). Par-
ticipant characteristics are included in Table 1. Red blood cell phos-
pholipid DHA at enrolment was a mean of 6.4 § 1.8%. Prior to
enrolment, forty-seven percent of participants (491/1032) reported
consuming a prenatal supplement of DHA and 40% of those (195/
491) consumed a supplement with � 200 mg per day.

The observed rates of EPB were 1.7% (9/540) and 2.4% (12/492) for
the high and low dose, respectively. The binomial analysis (Table 2)
indicated a posterior probability (pp) of 0.81 that 1000 mg was better
than 200 mg for prevention of EPB. Modeled as time-to-event, the
posterior probability means and 95% Bayesian credible interval rates
were 1.7% (CI 0.8%, 2.8%) for 1000 mg and 2.9% (CI 1.6%,4.3%) for
200 mg (pp=0.91) (Table 2, Fig. 2). A pp = 0.81 or 0.91 is much larger
than an indifferent probability of 0.50 but not as strong as almost cer-
tainty (e.g., > 0.99). The number needed to treat may be calculated
from Bayesian point estimates for group to be 100/(2.9�1.7) = 83.

Participants enrolling with low DHA status had an observed EPB
rate of 2.0% (5/249) if assigned to 1000 mg and 4.1% (9/219) if
acid supplementation during pregnancy and early preterm birth: A
icine (2021), https://doi.org/10.1016/j.eclinm.2021.100905
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Table 2
Primary efficacy outcomes.

Observed Proportion of Births (%) Posterior mean%
(95% Bayesian credible interval)

Bayesian posterior prob.
(1000 better than 200)

200 mgN = 492 1000 mgN = 540 200 mgN = 524 1000 mgN = 576

Group
Early preterm birth < 34 wka 12/492 (2.4) 9/540 (1.7) 2.5 (1.2, 3.8) 1.7 (0.7, 2.8) 0.81
Early preterm birth < 34 wkb 12/492 (2.4) 9/540 (1.7) 2.9 (1.6, 4.3) 1.7 (0.8, 2.8) 0.91
Subgroups � Birth <34 wk by baseline DHAc

Low DHA (< 6%) b 9/219 (4.1) 5/249 (2.0) 4.8 (2.3, 7.4) 2.5 (0.8, 4.3) 0.93
High DHA (� 6%)b 3/271 (1.1) 4/289 (1.4) 1.6 (0.4, 3.0) 1.4 (0.3, 2.7) 0.57
a Uses the primary analysis model that drove the adaptations, which is a Bayesian binomial model.
b Uses an alternative model that dichotomizes the continuous variable via a continuous mixture of three normal distributions.
c Low DHA status at baseline was defined as less than 6% of total red blood cell phospholipid fatty acids.

Fig. 2. Primary efficacy analysis by group
Bayesian posterior probability (pp) =0.91 for less early preterm birth (EPB) with the higher dose. The denominator for the 200 mg dose is 492 and for the 1000 mg dose is 540.
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assigned to 200 mg. Modeled as time-to-event, the posterior mean
rates of EPB and 95% Bayesian credible intervals were 2.5%
(0.8%,4.3%) and 4.8% (2.3%,7.4%) for the high and low doses, respec-
tively (pp = 0.93) (Table 2, Fig. 3). The number needed to treat may
be calculated as 100/(4.8�2.5)=43 for women beginning with low
DHA status. In contrast, the EPB rates were low and unaffected by
dose in participants who had a high enrolment DHA status. The
observed rates for the high and low doses, respectively, were 1.4% (4/
289) and 1.1% (3/271). Time-to-event modeling resulted in posterior
probability means and credible intervals of 1.4% (0.3%, 2.7%) and 1.6%
(0.4%,3.0%) for the high and low doses (pp = 0.57) (Table 2, Supple-
mental Fig. 1). The number needed to treat may be calculated as 100/
(1.6�1.4)=500.

The observed outcomes, posterior means and intervals, and
Bayesian posterior probabilities for planned secondary outcomes are
shown in Table 3. Both maternal postpartum and umbilical cord
blood DHA levels at birth had a pp=1.0, confirming the higher dose
resulted in higher DHA status. Reported capsule intake is shown in
Supplemental Table 1. Of the 1032 participants included in the anal-
ysis, 102 (9.9%) stopped capsule intake at some point in the study.
Participants assigned to the 1000 mg dose also had pp � .90 for lon-
ger gestation, greater birth weight, greater birth length, fewer spon-
taneous labors, fewer preterm births, and fewer neonatal admissions
Please cite this article as: S.E. Carlson et al., Higher dose docosahexaenoi
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to an intensive care unit. In contrast, women assigned to the lower
dose had a pp � .87 for less preeclampsia and gestational diabetes.

Supplemental Table 2 shows the rates of combined adverse or
serious adverse events by dose in mothers and neonates. The higher
dose was favored for fewer maternal (pp = 0.89) and neonatal
(pp = 0.94) adverse and serious adverse events. Specific adverse and
serious adverse events for mothers are shown in Supplemental
Table 3 and for neonates in Supplemental Table 4. Participants
assigned to the higher dose had pp > 0.90 for fewer maternal adverse
and serious adverse events related to premature rupture of mem-
branes and pyelonephritis; fewer serious adverse events due to cho-
rioamnionitis; and fewer adverse events of weight loss, preterm birth
and preterm contractions. Infants of mothers assigned to the higher
dose had a pp > 0.90 for fewer adverse and serious events related to
feeding, fewer serious events related to genitourinary and neurologic
symptoms, and fewer adverse events of preterm birth and musculo-
skeletal problems. The low dose did not favor a reduction in any type
of maternal or infant serious adverse event but it did favor fewer skin
adverse events.

Because premature rupture of membranes and chorioamnionitis
are common causes of early labor while preeclampsia may lead to
preterm birth without labor, we looked at these outcomes in our
EPBs. Among women assigned to the low dose, 83% (10/12) of EPBs
were spontaneous while 17% (2/12) were associated with provider
c acid supplementation during pregnancy and early preterm birth: A
icine (2021), https://doi.org/10.1016/j.eclinm.2021.100905
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Fig. 3. Efficacy analysis in participants with low DHA status at enrolment (red blood cell DHA <6% of total fatty acids) by DHA dose
Bayesian posterior probability (pp) = 0.93 for less early preterm birth (EPB) with the higher dose. The denominator for the 200 mg group is 219 and for the 1000 mg group is 249.

Table 3
Secondary efficacy outcomes.

Observed Outcome of Births Posterior mean
(95% Bayesian credible interval)

Bayesian posterior prob.
(1000 better than 200)

200 mg
N = 492

1000 mg
N = 540

200 mg
N = 524

1000 mg
N = 576

Birth weight (g),
mean (std)

N = 489
3264 (574)

N = 539
3326 (542)

3264
(3215, 3314)

3327
(3279, 3374)

0.96

Birth length (cm),
mean (std)

N = 487
49.9 (4.4)

N = 529
50.2 (3.6)

49.9
(49.5, 50.2)

50.2
(49.9, 50.5)

0.90

Head circumference (cm),
mean (std)

N = 480
33.9 (2.3)

N = 526
33.9 (2.5)

33.9
(33.7, 34.1)

33.9
(33.7, 34.1)

0.49

Preterm birth (<37 weeks),
%a

54/492
(11.0)

44/540
(8.2)

13.1%
(10.8%, 15.5%)

10.5%
(8.5%, 12.5%)

0.95

Very low birth weight (< 1500 g),%a 7/489
(1.4)

4/539
(0.7)

0.7%
(0.0%, 1.3%)

0.5%
(0.0%, 1.1%)

0.80

Low birth weight (< 2500 g),% a 36/489 (7.4) 27/539 (5.0) 6.8%
(4.9%, 9.1%)

5.4%
(3.9%, 7.3%)

0.87

Gestation age birth (days),
mean (std)

269.9 (16.3) 271.8 (11.1) 270
(269, 271)

272
(271, 273)

0.99

Maternal RBC DHA% by weight, mean (std) N = 441
7.6 (2.2)

N = 475
9.9 (3.5)

7.7
(7.4, 7.9)

10.0
(9.7, 10.2)

1.00

Cord RBC DHA% by weight, mean (std) N = 439
8.9 (2.1)

N = 476
10.0 (2.5)

8.9
(8.7, 9.1)

10.0
(9.8, 10.2)

1.00

Gestational diabetes,
%

48/489
(9.8)

68/540
(12.6)

10.1%
(7.5%, 12.9%)

12.8%
(10.1%, 15.8%)

0.08

Preeclampsia,
%

27/489
(5.5)

39/539
(7.2)

5.7%
(3.7%, 8.0%)

7.3%
(5.2%, 9.8%)

0.13

Cesarean delivery,
%

137/492
(27.9)

144/540
(26.7)

27.9%
(24.0%, 32.0%)

26.8%
(23.1%, 30.6%)

0.65

Spontaneous labor,
%

143/492
(29.1)

142/540
(26.3)

29.1%
(25.1%, 33.3%)

26.4%
(22.7%, 30.2%)

0.16

Intensive care admission,
%

58/492
(11.8)

50/540
(9.3)

11.9%
(9.2%, 15.0%)

9.4%
(7.1%, 12.0%)

0.91

All models are Binomial (flat priors) or Normal (flat priors) with posterior means and 95% highest density intervals unless notated. At least 10,000 burn-
in and 40,000 Markov chain draws were performed. a Uses an alternative model that dichotomizes the continuous variable via a continuous mixture of
three normal distributions.
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initiated preterm birth in the setting of preeclampsia. In contrast, 22%
(2/9) of EPBs in the high dose group were due to early spontaneous
labor. Of the remaining seven participants who had an EPB, one par-
ticipant did not take capsules and six had preeclampsia.

An exploratory analysis of the recently published ORIP trial found
that participants who began the study in the highest quartile of n-3
Please cite this article as: S.E. Carlson et al., Higher dose docosahexaenoic
randomised, double-blind, adaptive-design superiority trial, EClinicalMed
fatty acids had an increased risk of EPB (2.2%) with supplementation
relative to participants with high n-3 fatty acids who received the
placebo (0.8%) [12]. Because of concern raised by this report, we con-
ducted a similar analysis of the participants in ADORE by quartile of
DHA status at enrolment. In contrast to ORIP, participants who began
the study in the highest quartile for DHA status had an exceedingly
acid supplementation during pregnancy and early preterm birth: A
icine (2021), https://doi.org/10.1016/j.eclinm.2021.100905
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low rate of EPB regardless of dose [200 mg: 0/131 (0%); 1000 mg: 1/
131 (0.8%)]. Participants in the lower two DHA quartiles at enrolment
benefited from the higher dose with a lower rate of EPB, but there
was no benefit of a higher dose for women in the higher two quartiles
(Supplemental Table 5).

4. Discussion

The results of this randomised clinical trial show that a daily sup-
plement of 1000 mg DHA is likely better than 200 mg in reducing
EPB less than 34 weeks (pp =0.91), and very likely better among preg-
nant individuals with low DHA status (pp = 0.93). Participants enter-
ing the study with low DHA status had half the rate of EPB when
assigned to the high compared to the low dose. Participants who
began the study with high DHA status had a very low rate of EPB
(1.2%), and the rate was not different between DHA doses.

Because by study design we did not have a placebo group, we can-
not conclude that women entering the study with high DHA status
benefited from either dose. On the other hand, most participants in
the subgroup who entered with high DHA status were taking a DHA-
containing prenatal supplement before they were enrolled, so we
also cannot conclude that DHA supplementation did not reduce their
rate of EPB. Low dose supplementation beginning early and main-
tained throughout pregnancy may have a ceiling effect, providing
enough DHA to reduce EPB. Only 2% of the women in ADORE deliv-
ered before 34 weeks in contrast to a rate of 7.0% in those with prior
pregnancies. The very high historical rate may reflect the fact that we
were encouraged by the FDA to enroll women regardless of preg-
nancy risk. The large difference suggests that even the low dose may
have had a benefit, but it could also be related to the fact that partici-
pants who qualified for progesterone and cerclage under the Ameri-
can College of Obstetrics and Gynecology guidelines received these
treatments intended to prevent preterm birth.

At the time this trial was proposed, four randomised, placebo-
controlled trials that provided a dietary supplement of DHA
� 600 mg had been reported [6,16�18] .Of these, three found a
reduction in EPB [6,16,17] as a secondary outcome. In addition, two
published systematic reviews that included all randomised trials
regardless of the amount of n-3 fatty acid supplementation during
pregnancy found odds ratios favoring supplementation of 0.69 [19]
and 0.74 [20]. An updated Cochrane review published several years
after our trial was proposed included all placebo controlled preg-
nancy trials of n-3 fatty acid supplementation regardless of n-3 fatty
acid source and found an OR = 0.58 [4] for a reduction in EPB. This
review concluded that low doses of n-3 fatty acids do not reduce EPB.
The review also indicated there was no effect of DHA on birth < 37
weeks when dosed at less than 500 mg per day. Because of the find-
ings from this review, we chose to use 1000 mg per day and a micro-
algal oil as our DHA supplement to harmonize with our earlier trial
[6].

The study was powered using simulations from the results of the
two trials that had been conducted in singleton pregnancies [6,16].
We chose a superiority rather than a placebo-controlled trial because
FAO/WHO and other expert groups were already recommending
pregnant persons consume a minimum of 200 to 300 mg DHA per
day. Based on this guidance, manufacturers had added 200 mg DHA
to many prenatal supplements beginning around 2008, and an
increasing number of women in the USA were consuming a prenatal
supplement with DHA despite the absence of evidence that this
amount of DHA can reduce EPB.

Our finding that women beginning the trial with low DHA status
benefited most from the high dose of DHA agrees with exploratory
findings from the ORIP trial [12]. The ORIP investigators observed
that singleton pregnancies with low n-3 fatty acid status at enrol-
ment benefited with n-3 fatty acids supplementation (~800 mg DHA)
(i.e., lower rate of EPB less than 34 weeks) compared to placebo
Please cite this article as: S.E. Carlson et al., Higher dose docosahexaenoi
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(0.73% vs 3.16%) [12] even though the primary trial found no signifi-
cant effect of supplementation [13]. Women in ADORE who enrolled
with a low DHA status similar to low status in ORIP had EPB rates of
2.0% and 4.1%, in the high and low dose groups, respectively. While
our rates are slightly higher than reported for ORIP [12], Black
women comprised 22% of our cohort and in the USA have higher rates
of EPB compared to women of other races and ethnicities [1].

Controversy has arisen following an exploratory analysis of the
ORIP trial, which suggested that supplementing women with already
high n-3 fatty acid status could increase rather than decrease their
risk of EPB [13]. We addressed this safety concern with a similar anal-
ysis in the ADORE cohort and found no evidence of increased risk. On
the contrary, our results show a progressive decline in EPB from the
lowest to the highest quartile of DHA status at enrolment (3.6%, 2.8%,
1.5% and 0.4%, respectively).

While the mechanism of preterm birth remains elusive and com-
plex [21], biomarkers assessed prior to 20 weeks gestation suggest
spontaneous preterm labor may be associated with stressors linked
to inflammation [3,22�24]. DHA is a precursor of docosanoids (resol-
vins, maresins) that are anti-inflammatory and that resolve and pro-
tect against inflammation [25], and both resolvin D1 and D2 from
DHA and inflammatory mediators formed from the n-6 fatty acid,
arachidonic acid, increase with spontaneous preterm birth [26]. We
observed fewer cases of spontaneous preterm birth, which are known
to be driven by inflammatory mechanisms [22�24], in the high com-
pared to the low DHA dose group. Because of this, we suggest that
our finding of lower EPB with higher DHA supplementation could be
due to a change in balance between n-3 and n-6 derived mediators to
reduce or prevent the inflammatory process associated with labor.

The most recent Cochrane Review supports implementation of
DHA supplementation in pregnancy at a dose between 500 and
1000 mg per day [4]. The exploratory results of the Australian ORIP
trial [12] and those of ADORE provide evidence that DHA supplemen-
tation needs to be higher than in current prenatal supplements for
women with low DHA status. Future directions should include edu-
cating physicians and women about the importance of consuming
more DHA during pregnancy, which could be achieved by a combina-
tion of seafood consumption and supplements that contain DHA.
Supplement options include the microalgal oil as provided in ADORE
as well as fish oils that contain DHA. Future studies should refine the
optimal dose and the best time during pregnancy to increase DHA
intake. Studies of a dose intermediate between 200 and 1000 mg and
of women supplemented early in or prior to pregnancy are needed.
Studies to improve DHA status before pregnancy are also needed as a
lower dose may be effective if provided earlier. While we don't have
a clear explanation for the higher probability of gestational diabetes
mellitus and preeclampsia in the 1000 mg compared to the 200 mg
dose, it is possible that prolongation of pregnancy allowed for devel-
opment and diagnosis of these two conditions at more advanced ges-
tational ages. Gestational diabetes was highest in our Hispanic
participants and preeclampsia in our Black participants compared to
other racial/ethnic categories. Both groups were oversampled in the
ADORE cohort. While our safety data overall favor the higher dose,
future studies should continue to monitor for risk.

The few exclusion criteria and oversampling of Black and Hispanic
women, who are at higher risk of preterm birth compared to other
race/ethnic groups, are strengths of the study. We also obtained
results from 95% of the women enrolled and documented their DHA
status at enrolment and delivery. The intention-to-treat analysis
reported here likely underestimates the true benefit of DHA to reduce
EPB, because not all women were fully compliant with their assigned
capsule intake. We plan to report the per protocol analysis later.
Another limitation of the study is that there were fewer EPBs than
anticipated. As already noted, women who qualified for progesterone
and cerclage under the American College of Obstetrics and Gynecol-
ogy guidelines received those treatments intended to prevent
c acid supplementation during pregnancy and early preterm birth: A
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preterm birth (5.5% and 5.0% in the low and high dose groups, respec-
tively). At the time this study was planned and conducted, the EPB
rate in the USA was 3.4% and 7% for non-Black and Black women [27].
The most recent data show 2.3% and 4.9%, respectively [1], possibly
reflecting the fact that many US women now consume a low dose
supplement of DHA during pregnancy.

The findings here, combined with the most recent Cochrane
Review and the results of ORIP, have implications for both policy and
practice. Regarding policy, the National Academy of Medicine in the
USA could now set a Dietary Recommended Intake for DHA in preg-
nancy, not possible before an amount of DHA could be linked to lower
EPB. Regarding clinical practice, clinicians could consider testing DHA
status and offering high dose DHA supplementation to those with
low DHA status. Women with high DHA status at enrolment should
be encouraged to take a prenatal with 200 mg DHA. The routine abil-
ity to determine DHA status is currently a limitation. We point out
that pregnancy studies use plasma [28] and whole blood spot DHA
[13] as well as RBC phospholipid DHA to measure DHA status. While
DHA status is highly correlated among methods, DHA will be a lower
percentage of total fatty acids in plasma and whole blood compared
to RBC phospholipids. We include a factor to convert RBC phospholi-
pids to whole blood spot DHA. North America and Africa have the
highest rates of preterm birth, however, the burden of preterm birth
in numbers disproportionately occurs in Africa and Asia [29], where
many countries have low DHA intake and status [30]. Easy access to
an inexpensive test of DHA status or a simple tool screener for DHA
intake could help clinicians identify women most likely to benefit
from a higher dose.

Declaration of Competing Interest

None.

Funding

The National Institutes of Health Child Health and Human Devel-
opment (NICHD) funded the study. Life's DHATM-S oil, DSM Nutri-
tional Products LLC, Switzerland provided all capsules.

Declaration of Competing Interest

SEC reports grants from NICHD R01HD083292 during the conduct
of the study and non-financial support from DSM (donated capsules)
and personal fees from DSM and Mead Johnson Nutrition outside the
submitted work. CPW reports he is an inventor on EU Patent
No.2646554 and US patent pending No. 15/991,735 that describe an
early pregnancy screening test for subsequent preterm birth that was
not involved in the submitted study. BJG reports grant support for
the conduct of the study (NICHD R01HD083292. CJV is an employee
of RB Nutrition, which produces infant formulas and supplements,
however, RB was not involved in the study execution or analysis. She
conducted this study through her role as an Adjunct Professor at The
University of Cincinnati. EHK and SAC report grants from NICHD
R01HD083292 during the conduct of the study and non-financial
support from DSM for capsules. The other authors have no competing
interests.

Data sharing

We are willing to share deidentified data from the study including
data from individual participants with a signed data access agree-
ment that includes the study principal investigators and is contingent
on their approval of the planned use of the data. As the data are
entered into an electronic system, a specific request to SEC (scarl-
son@kumc.edu) or BJG (bgajewski@kumc.edu) would be needed to
generate a data output for other investigators. Our study protocol has
Please cite this article as: S.E. Carlson et al., Higher dose docosahexaenoic
randomised, double-blind, adaptive-design superiority trial, EClinicalMed
been published [9] and the protocol update as well as statistical anal-
ysis plan are available from SEC or BJG. We plan to publish the sec-
ondary results of the trial and cannot share some data until then,
however, we are willing to consider requests for data any time after
the primary results are published.

Acknowledgments

We are grateful for the support of numerous study personnel who
were responsible for recruiting participants at all three sites, commu-
nicating with them monthly, and collecting the data critical for the
study. They did so with diligence and care and this study would not
have been possible without them or the nurses at each medical cen-
ter who took on the additional work of obtaining blood samples and
informing staff of their availability. We are very grateful as well to
our DSMB, excellently chaired by Prof Daniel Robinson MD of Lurie
Children's Hospital in Chicago, IL (USA), Prof Arthur Evans MD of the
University of Cincinnati, Cincinnati, OH; Dr. Ian Griffin MD of the Bio-
medical Research Institute of New Jersey, Cedar Knolls, NJ, and Prof
Ardythe Morrow PhD of the University of Cincinnati, Cincinnati, OH.
As a group, they were all engaged and invaluable in helping us refine
our system for reporting adverse events. We are also grateful to the
1100 women who enrolled in the study.

Supplementary materials

Supplementary material associated with this article can be found,
in the online version, at doi:10.1016/j.eclinm.2021.100905.

References

[1] Martin JA, Hamilton BE, Osterman MJK, Driscoll AK. Births: national vital statistics
reports. Final Data 2018 for https://www.cdc.gov/nchs/products/index.htm.

[2] Beam AL, Fried I, Palmer N, Agniel D, Brat G, Fox K, et al. Estimates of healthcare
spending for preterm and low-birthweight infants in a commercially insured
population: 2008-2016. J Perinatol Off J Calif Perinat Assoc 2020;40(7):1091–9.

[3] Weiner CP, Mason CW, Dong Y, Buhimschi IA, Swaan PW, Buhimschi CS. Human
effector/initiator gene sets that regulate myometrial contractility during term
and preterm labor. Am J Obstet Gynecol 2010;202(5):474. e1-20.

[4] Middleton P, Gomersall JC, Gould JF, Shepherd E, Olsen SF, Makrides M. Omega-3
fatty acid addition during pregnancy. Cochrane Database Syst Rev 2018;11(11):
Cd003402.

[5] Brenna JT, Lapillonne A. Background paper on fat and fatty acid requirements dur-
ing pregnancy and lactation. Ann Nutr Metab 2009;55(1�3):97–122.

[6] Carlson SE, Colombo J, Gajewski BJ, Gustafson KM, Mundy D, Yeast J, et al. DHA
supplementation and pregnancy outcomes. Am J Clin Nutr 2013;97(4):808–15.

[7] Araujo P, Kjellevold M, Nerhus I, Dahl L, Aakre I, Moe V, et al. Fatty acid reference
intervals in red blood cells among pregnant women in norway-cross sectional
data from the 'little in norway' cohort. Nutrients 2020;12(10).

[8] WHO and FAO joint consultation: fats and oils in human nutrition. Nutr Rev
1995;53(7):202–5.

[9] Carlson SE, Gajewski BJ, Valentine CJ, Rogers LK, Weiner CP, DeFranco EA, et al.
Assessment of DHA on reducing early preterm birth: the ADORE randomized con-
trolled trial protocol. BMC Pregnancy Childbirth 2017;17(1):62.

[10] Berry S, Carlin BP, Lee JJ, Muller P. Bayesian Adaptive Methods for Clinical Trials.
Boca Raton, FL: CRC Press; 2011.

[11] American college of obstetricians and gynecologists committee opinion: commit-
tee on obstetric practice. Number March 2017;688.

[12] Simmonds LA, Sullivan TR, Skubisz M, Middleton PF, Best KP, Yelland LN, et al.
Omega-3 fatty acid supplementation in pregnancy-baseline omega-3 status and
early preterm birth: exploratory analysis of a randomised controlled trial. BJOG
Int J Obstet Gynaecol 2020;127(8):975–81.

[13] Makrides M, Best K, Yelland L, McPhee A, Zhou S, Quinlivan J, et al. A randomized
trial of prenatal n-3 fatty acid supplementation and preterm delivery. The New
Engl J Med 2019;381(11):1035–45.

[14] Gajewski BJ, Reese CS, Colombo J, Carlson SE. Commensurate priors on a finite
mixture model for incorporating repository data in clinical trials. Stat Biopharm
Res 2016;8(2):151–60.

[15] Berry SM, Berry DA. Accounting for multiplicities in assessing drug safety: a
three-level hierarchical mixture model. Biometrics 2004;60(2):418–26.

[16] Makrides M, Gibson RA, McPhee AJ, et al. Effect of dha supplementation during
pregnancy on maternal depression and neurodevelopment of young children: a
randomized controlled trial. JAMA 2010;304(15):1675–83.

[17] Olsen SF, Secher NJ, Tabor A, Weber T, Walker JJ, Gluud C. Randomised clinical tri-
als of fish oil supplementation in high risk pregnancies. fish oil trials in pregnancy
(FOTIP) team. BJOG Int J Obstet Gynaecol 2000;107(3):382–95.
acid supplementation during pregnancy and early preterm birth: A
icine (2021), https://doi.org/10.1016/j.eclinm.2021.100905

https://doi.org/10.1016/j.eclinm.2021.100905
https://www.cdc.gov/nchs/products/index.htm
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0002
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0002
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0002
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0003
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0003
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0003
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0004
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0004
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0004
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0005
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0005
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0005
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0006
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0006
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0007
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0007
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0007
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0008
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0008
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0009
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0009
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0009
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0010
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0010
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0011
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0011
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0013
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0013
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0013
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0013
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0012
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0012
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0012
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0015
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0015
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0017
https://doi.org/10.1016/j.eclinm.2021.100905


ARTICLE IN PRESS
JID: ECLINM [m5G;May 18, 2021;23:10]

10 S.E. Carlson et al. / EClinicalMedicine 00 (2021) 100905
[18] Harper M, Thom E, Klebanoff MA, Thorp J, Sorokin Y, Varner MW, et al. Omega-3
fatty acid supplementation to prevent recurrent preterm birth: a randomized
controlled trial. Obstet Gynecol 2010;115(2):234–42 Pt 1.

[19] Makrides M, Duley L, Olsen SF. Marine oil, and other prostaglandin precursor,
supplementation for pregnancy uncomplicated by pre-eclampsia or intrauterine
growth restriction. Cochrane Database Syst Rev 2006;3:Cd003402.

[20] Imhoff-Kunsch B, Briggs V, Goldenberg T, Ramakrishnan U. Effect of n-3 long-
chain polyunsaturated fatty acid intake during pregnancy on maternal, infant,
and child health outcomes: a systematic review. Paediatr Perinat Epidemiol
2012;26(1):91–107 Suppl.

[21] Johnson RK, Driscoll P, Goran MI. Comparison of multiple-pass 24-hour recall esti-
mates of energy intake with total energy expenditure determined by the doubly
labeled water method in young children. J Am Diet Assoc 1996;96(11):1140–4.

[22] Buhimschi CS, Baumbusch MA, Dulay AT, Oliver EA, Lee S, Zhao G, et al. Character-
ization of RAGE, HMGB1, and S100beta in inflammation-induced preterm birth
and fetal tissue injury. Am J Pathol 2009;175(3):958–75.

[23] Defranco EA, Jacobs TS, Plunkett J, Chaudhari BP, Huettner PC, Muglia LJ. Placental
pathologic aberrations in cases of familial idiopathic spontaneous preterm birth.
Placenta 2011;32(5):386–90.

[24] Ngo TTM, Moufarrej MN, Rasmussen MH, Camunas-Soler J, Pan W, Okamoto J,
et al. Noninvasive blood tests for fetal development predict gestational age and
preterm delivery. Science 2018;360(6393):1133–6 New York, NY.
Please cite this article as: S.E. Carlson et al., Higher dose docosahexaenoi
randomised, double-blind, adaptive-design superiority trial, EClinicalMed
[25] Serhan CN. Resolution phase of inflammation: novel endogenous anti-inflamma-
tory and proresolving lipid mediators and pathways. Annu Rev Immunol
2007;25:101–37.

[26] Aung MT, Yu Y, Ferguson KK, Cantonwine DE, Zeng L, McElrath TF, et al. Prediction
and associations of preterm birth and its subtypes with eicosanoid enzymatic
pathways and inflammatory markers. Sci Rep 2019;9(1):17049.

[27] Martin JA, Hamilton BE, Osterman MJ, Curtin SC, Matthews TJ. Births: final data
for 2013. national vital statistics reports: from the centers for disease control and
prevention, national center for health statistics. Nat Vital Stat Syst 2015;64(1):
1–65.

[28] Olsen SF, Halldorsson TL, Thorne-Lyman AL, Strom M, Gortz S, Granstrom C, Niel-
sen PH, Wohlfahrt J, Lykke JA, Langhoff-Roos J, Cohen AS, Furtado JD, Giovanucci
EL, Zhou W. Plasma concentrations of long chain n-3 fatty acids in early and mid-
pregnancy and risk of early preterm birth. EBioMed 2018;35:325–33.

[29] Beck S, Wojdyla D, Say L, Betran AP, Merialdi M, Requejo JH, Rubens C, Menon R,
Van Look PFA. The worldwide inicdence of preterm birth: a systematic review of
maternal mortality and morbidity. Bull World Health Organ 2010;88:31–8.

[30] Stark KD, Van Elswyk ME, Higgins MR, Weatherford CA, Salem N. Global survey of
the omega-3 fatty acids, docosahexaneoic acid and eicospentaneoic acid in the
blood stream of healthy adutls. Prog Lipid Res 2016;63:132–52.
c acid supplementation during pregnancy and early preterm birth: A
icine (2021), https://doi.org/10.1016/j.eclinm.2021.100905

http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0018
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0018
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0018
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0021
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0021
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0021
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0026
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0026
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0026
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0030
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0030
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0030
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00185-1/sbref0031
https://doi.org/10.1016/j.eclinm.2021.100905

	Higher dose docosahexaenoic acid supplementation during pregnancy and early preterm birth: A randomised, double-blind, adaptive-design superiority trial
	1. Introduction
	2. Methods
	2.1. Study design
	2.2. Participants
	2.3. Randomization and masking
	2.4. Procedures
	2.5. Outcomes
	2.5.1. Blood collection and analysis

	2.6. Statistical analysis
	2.7. Role of the funding source

	3. Results
	4. Discussion
	Declaration of Competing Interest
	Funding
	Declaration of Competing Interest
	Data sharing
	Acknowledgments

	Supplementary materials
	References



