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DBJIECTIVE: To hypothesize that higher intake of docosa:
hexaenuic acid, an n-3 long chain polyunsaturated Gy
acid, would increase duration of gestation and birth weight
in US women.

METHODS: This was a randomired, double-blind, con-
trolled. dlinical trial. Subjects were enrnlled in an ambula-
tory climic where they received prenatal care. This was &
population-based sample. Most subjects received govern-
ment assistance for medical care and most were black
[#3%]. Subjects were enrolled between the 24th and 28th
week of pregnancy and consumed docosahexnencie ackd
(33 or 133 mg) from eggs until parurition. Gestational age
and birth weight were the main study outcomes, Infamnt
lemgih and head drcumference, preverm birth, and low
birth seight were sooondary outcomes,

RESULTS: Eighty-three percent of subjects completed the
stuly (01 ol 350 enrolled). No subjoct was discontinued for
an adverse event. After controlling for important pre-
defined risk factors and confounding variables, gestation
inireased by 6.0 = L1 days (P = 009) in the higher
docosahexacnoic acid group. Birth weight, length, and
head droumference increased. bui did not reach siatistical
sigmificance (P = 0618}, although the increases could be
clinically important indications of enhanced intrauterineg
growth. No safety concerns were raised by the snedy.
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COMCLUSIIN: Druration of gestation incrensed significanily
when docosahexacnoic add intake was incrensed during
the last irimester ufpn;nmrf. The increase in gestation
wits similar 1o that reported for interventions with much

Larger amounts of 0-3 long chain pohyunsaturated fatty
ncids,  (Obster Gynocol 2003:101:460-79.  © 2003 by The
American College of Obstetricians and Gymecologists.)

Cold-water fish are the highest dietary source of docosi-
hexaenoic acid and eicosapentaenoic acid, two n3 long
chain polyunsarurated fatry acids.! Olsen et al suggested
that higher docosahexaenoic acid and eicosapentacnoic
acid ntake [rom fish by Faroe Islanders compared with
Danes was the reason for longer gestation in Faroe
Llanders.” The authors subsequently demonstrated in
creases in gestation of 4 and B.S days, respectively, in
randormized clincal trials that provided 2.7 g per day of
docosahexaenoic acid and eicosapentaencic add to a
group of healthy pregnant women” and o healthy preg:
nant women with a previous preterm delivery.*

In contrast o women in Denmark, women in the
United States consume little n-3 long chain polyunsan:
rated Bty acids, including less than 100 mg per day from
docosahexaenoic acid.” Evidence of bower maternal do-
cosahexacnow acd intake s reflecied in the docosa-
hexaenose acid content of human milk in the United
States, which is reported 1o be among the lowest in the
world.” Earlier, we compared pregnancy outcomes of
American women rndomby assigned o consume 12
ordinary eggs or 12 high-docosahexaenoic acid eggs ina
small pilot study. Resubts of our piloe sudy suggested
that even an increase in docosahexaenoic acid intake of
approximately 100 mg per day may inerease length of
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gestation and infant birth weight in women who re-
ported low prestudy decosahexapenoic acd intakes of
approximately 50 mg per day Borod E, Atkinson B,
Barclay WE, Carlson SE. Effects of third trimester con-
sumption of eggs high in DHA on DHA status amd
pregnancy [abstract]. Lipicls 1999:34:5331).

In the presemt smdy, we hypothesized that women
randomly assigned 10 consume high-docosahexaenoic
acid eggs compared with ordinary eggs daily would have
an inerease in length of gestation and birth weighe of
ther mfants, Effons to increase gestation and barth
weight could have medical and economic significance as
well as sigmificance for mfant development. It 5 well
known that Jow bith weight (less than 230 g) and
preterm binth (less than 37 weeks' gestation) comtribure
disproportionately to poor developmental outcomes m
infants.” However, even among normal weight, term
infants" "' and moderately preterm infants,” higher
birth weight has been shown to be an independent
predictor of nfant development, If an increase in doco-
sahexaenoic acid intake during pregnancy could increase
gestational age at delivery and birth weigh, signaficant
benefits could accrue w the offspring.

MATERIALS AND METHODS
This study was a randomized, double-blind. controlled,

clinical trial to determine the effects of increasing doco-
sahexaenoic acid intake dunng the third rimester of
pregnancy on pregnancy and birth outcomes. Subjects
were supplied with docosahexaenoic acid-enriched cggs
imean of 133 mg of docosahexaenoc acid per egg) or
ardimary eggs (mean of 33 mg of docosahexaenoic acad
peregg). The primary outcome variables of interest were
gestational age and binh weight. Secondary outcomes
incheded infant length and head arcumierence ar birth.
Additional outcomes of interest were the presence or
absence of low birth weight (less than 2500 g), preterm
delivery (less than 37 wecks® gestation), meconium stain-
ing of the infant, maternal gestatonal diabetes, pre-
eclampsiafeclampsia, and cesarcan delivery.

Data on the following were collected as vanables that
could affect smudy outcomes and potenially need 1w be
incheded in regression analysis: egg group, study egg
intake (total number consumed and average number
consumecd per week), maternal race (hlack/nonblack),
number of prior pregnancics, previous preterm birth
experience, prepregnancy smoking (vesmo and pack
years), smoking during pregnancy (yes/no and number
of cigareties smoked per day), maternal body mass index
(BMI) a enrollment, gestational age at enrollment, ma-
ternal Easting serum glucose at enrollment, matemal age
at enrodlment, alcohol intake before and during preg-
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nancy (yesno and number of drinks per day), matermal
plasma folate and BI2 concentrations at enrollment,
third-tnmester weight gain, infant gender, maternal red
blood cell (RBC) plospholipid docosahexaenoic acid o
enrollment, and maternal and infant RBC phospholipid
docosahexaenaoic acid at the time of birth.

A prestudy power analysis specibied thar 285 women
be enrolled into the suwdy to detect an increase in gesta-
tion of ¥ days with high-docosahexaenoic aad eggs.
Because there were no published daea for low-level do-
cosahexacnoic acd supplementation on which to base a
powwer analysis, a blinded review of the data was con-
ducted after the first 100 subgects delivered their mfants
to obtan a better estimate of study parmameters and 1o
refine the power analysis if needed, The blinded review
detected mean gestational ages for the two e groups of
3026 weeks (2748 days) and 38.5 weeks (2695 days).
The sample size was increaseed o 350 based on an
expected dropout rate of 23% w0 vicld the 130 subjects
per group needed to repect the null hypothesss for an
mcrease in gestation of 5.25 days (from 269.5 w0 274.8
days). assuming a standard deviation of 1.99 weeks with
90% power and an a = 0,05 based on a one-tailed ¢ test.
The final results are presented as the more conservative
and conventional two-tailed £ et

Subjects were enrolled between July 19608 and July
2001 ar Truman Medical Center in Kansas City, Mis-
souri, Geestational age in weeks was determined by ultra:
sound. With few exceptions, the ultrasound examinanon
ocourmed bevween 15 and 20 weeks® gestation, From the
gestaonal age determined on the day of ubtrasound, the
expected date of delivery was calculated using Nacgele's
rube.'? The ulrasound estimation of gestational age was
done before randomization, and that gestational age was
“fixed” for the smdy. Gestatonal age was fixed before
enrollment 1o eliminate any possibility of bias such as
could be introduced by changing gestational age after the
outcomes of a pregnancy were known, The ulrasound
estimaton of gestatonal age was used to determine a
woman's individual eligibility for enrollment in the
study and w0 determine group mean gestational ages at
enrollment and delivery using Nacgele's nule.

All forms of gestational age assessment have an inher-
ent vanabality for an individual woman. The assumpnion
made by the study was that errors i assessing gesta:
onal age at enrollment would be similar between the
groups. Despite the vanability in assessing individual
pregnancies, the true mean gestational age will be ap-
proximated by the average of a large group. In this case,
the group means for gestatonal age at enrollment and
delivery were com -

Women who were between 24 and 28 weeks' gesia-
tion and who met inchesion and exchesion criteria (Table
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Table 1. Study Inclusion and Excluesion Criteria

Inclusson criteria
Pregrant women 16-36 v of age
24-28 wk of gestaton 3t enrollment
Able andd willing 1o consuane eggs
Access o refrigeraton
Plam 1o deliver an Tinoman Mechal Center
Singleron gestation

Exclusson criteria
<1 or =36 v ol age
Weight =240 Ib a1 baseline
Sersous illess such as cancer, lupuz, hepatis
Enowm a0 have any untreated serious, mlectinas discase
DMalstes or p:nl..ﬂ.r.mal diabetes ai hazebing
l'Jct'anthm-d | pressure attribaced to any cmase

1) were approached in prenatal clinic to obtain informed
consent according to a protocol approved by the Univer-
sity of Missouni-Kansas Ciry. Kamsas City, Missouri
{Adult Health Sciences Instinutional Review Board) and
the University of Kansas Medical Center, Kansas Ciry.
Kansas (Human Subjects Comminee, protocol #8031
00} Most subjects received government assistance for
miechical care and most were black (73%). Alter consemt
was obiamed, patients were assigned to an egg group
using a randomizaton schedule created with PROC
PLAN procedure in 5AS 6.12 (SAS Inssitute Inc., Cary,
NC). Patients were stratified into four age categories
(16-20.99, 21-25.99, 26-30.99, and 31-35.99 vears).
Within each age category, patients were randomized in
bocks of four, with an equal number of patients random-
wed to the ordinary and high-docosahexaenoic acd egg
groups.

Blood samples from an antecubital vein were collected
on ice with ethylenediaminetetra-acetic acid from each
subject ar enrollment and, in most cases, at approKi-
mately 5 as the moming after the day a woman deliv-
ered, and from the cord umbilical vein at birth, Afier the
plasma was removed., the RBCs were washed three times
with .15 M NaCl in 1| mM of ethylenediaminetetra-
acetic acid, resuspended in the saline ethvlenediamineset-
racetic ackd solution, and stored wt = 80C under nitro-
gen until analysis. Afier the birth, the infant and placenta
were weighed, the infant length and head droumference
were measured. and maternal blood loss was estimated.

The smdy was conducted in accordance with Good
Clinical Practices as published in the US Federal Regis-
ter. Maternal and infant adverse events and serioas
adverse events were classified for each pregnancy in
accordance with International Conference on Harmoni-
zation guidelines.** An adverse event was defined by the
protocod as any reaction, side effect, or siber undesirable
event that occurved in comjunction with the use of the tese
product, whether or not the event was considered relued
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to the test product. A serious adverse event was defined
as any adverse event that resulied in the following:
death, a life-threatening event, inpatient hospitalization
or prolonging of an existing hospitalization, a persistent
or significant disability incapacity, or a congenital anom-
alyibirth defect.

Adverse events (mncluding serious adverse events)
were reviewed quarterly during monitoring visits and
assessed via a planned, interim blinded safery analysis.
The obstetriczan (DM) determined if & serious adverse
event was related o study egp intake. His anribastion was
based on the temporal relation between study egg intake
and the event and his judgment about the frequency of
the event in relation to the study populagon. In the final
analysis, adverse events and serious adverse events were
compared by treatment to determine if there was a
statistical difference in indidence,

To produce the eggs provided in this study, hens were
fed a muritionally modified feed with 1% docosalexae-
noic acid-rich marine microalgae (high-docosahexaenoic
acid epms: Gold Cirde Farms, Boulder, CO) or feed
without microalgae (ordinary eges)."” The marine mi-
croalgae was previowsly determined to be “gencrally
recognized as safe” for laying hen feed by a panel of
independent scientific experts' and is marketed under
the Fat product, Feed grade definition of Animal Feed
Control Officials.'” Dhuring the vears of the sudy, the
high-docosahexaenoic acid eggs were available commer-
cially in a number of regions of the United States under
the name Gold Circle Farms, bat they were not available
commercially in the Kansas City metropolitan area. Eggs
were shipped to Kansas (ity via refrigerated mruck as
needed, and the two kinds of eggs had different color
cartons.

Each lot of high-docosahexaennic acid eggs and ord.
nary eggs provided during the 3 vears of the study was
analyred for docosahexaenoic acid by the study sponsor,
and the results averaged by egg tvpe when the study was
complete. The high-docosahexaenoic acd eggs con
tained a mean of 133 (£15) mg of docosahexaenoic acid
per cgg (range 108-165 mg). and wthe ordinary eggs
contained a mean of 33 (£11) mg of docosahesaenoic
acid per ogg (range 22-51 mg). Subjects were given 12
eggs per study week from enrollment untl they gave
birth, and they were encouraged 1o condume as many of
these as possible. Subjecis were interviewed biweckly w
determine bow many eggs they had eaten in the previous
mterval. Eggs were maintained at refrigeration tempera-
tures less than 5C at all times before being dispensed o
subjects. Subjects were instructed 1o refrigerate the cgys
and to cook the cggs before eating.

To determine wtal egg docosabexacnoic acid content,
the lipids in eges yolk were extracted with chloroform
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methanol and mansesterified with 4% sulfuric acid m
methanol. The resuling fatty acid methyl estess were
extracted with hexane and separated, identibied, and
quantified hf gas liquid chromatography as reported
previously.’

Red blood cell and plasma lipids were extracted by a
madified procedure of Dodge and Phillips'® using chio-
roform and methanol. The methanol consained 540 my/L.
of butylated hydroxytoluene as an antioxidant. An mter-
nal standard (dibeptadecancyl  phosphatidylcholine;
Sigma Chemical Co., St. Lowis, MO) was coextracted
with the RBC lipids. The lipid extracts in erganic sol-
vents were washed with 0.15 M of potassium chlorude
according to Folch et al,'"” and the organic solvents that
remained were vaporized under nitrogen. Phospholipads
were isolated from other lipid classcs by thin layer chro-
matography (Silica gel G plates, 10 > 20 cm; Analech
Inc.. Mewark. DE} in hexane:dicthyl ether:acetic acid
(80:20:1, vovev). ™" The band containing phospholipids
was removed completely from the plate and transmethy-
lated with boron trifluoride-methanol (Sigma Chemucal
Cao.) 1o vield famy acd methyl esters,”!

Individual futy acid methyl esters were separated ona
Varian 3300 gas chromatograph with an SP-2560 capil:
fary columm (100 m, Supeleo Inc.. Bellone, PA)L The
instrument was programmed for column, ipector, anad
detector temperatures of 175, 225, and 2750, respec-
tively. Helinm was used as a carrier gas at a flow rate of
21 cm per second. Individual peaks were integrated with
a programmable Varian 4290 recorderfimegrator. The
peaks were identified by comparison to authentic stan-
dards. Standard mixwres with known concentranons
were analyzed periodically o verify column integrity
(NHL-C, NHIF, NHIC, and NHI-D, Supeloo Inc.), and
bickogic mixuures of fay acids were analyzed to validate
separation characteristics (PUFA 1 and 2, Supcleo Inc.).

All subjects who gave informed consent. consumed a1
beast one egg, and had delivery data available were
included in the analyses, A dropout was defined as an
enrolled subject whe did not consume a least one egg or
for whom delivery information was not available.

Ta identify the effect of docosahexaenome acsd supple-
mentation on the gestational age, weight, length, and
head circumference, simple means and standard devea-
tions were calculated for each group, overall and by
important risk factors, race, and smoking duning preg:
nancy. Simple twortailed ¢ tests were then conducted o
compuare the groups with respect 1o mean geswtional age
and mean birth weight. Tests were conducted both
enverall (igreoring these nosed risk factors) and separately
by racial category and smoking status. Calegoric out-
comes were assessed using x” methods.

a7 Sparis ol 2l  DHA and Pregnancy Culoames

In addition to race and tohacen use, pregnandcics vary
with regard to many factors that have the potential o
influence the primary and secondary outcomes of the
stdy (potentially influential variables). The fallowing
variables were evaluated to determine if there was a
significant relationship to any primary or secondary
outcome of the sudy: egg group, study cgg intake [total
number consumed and average number consumed
per study week), maternal race (black/nonblack), num-
ber of prior pregnancics, previous preterm birth experi-
ence, prepregnancy smoking (yeslno and pack years).
smoking during pregnancy (ves/no and numbser of aga-
reates smoked per day), maternal BMI at enrollment,
gestational age at enrollment, maternal fasting serum
glucose ar enrollment, maternal age at enrollment, alco-
hol imake before and during pregnancy (yesino and
number of drinks per day), matermal plasma folate and
vitamin B, concentrations at enrollment, third-trimester
weight gain, infant gender, maternal RBC phospholipid
docosahexaenoic acid at enrollment, and matermnal and
infant RBC phospholipid docosahexaenoi acid at the
time of birth.

If o variable was significantly related to a planned
study outcome, it was included m the final regression
model 1o examine the effect of docosahexaenoic acid
supplementation on that outcome. Faor each outcome,
group-specific intercepts and slopes with respect to egg
intake were forced into the model. Then, a step-wise
backward strategy was used to idemify other important
predictor variables. Diagnostics were performed on the
final models to ensure thar all stsistical assumptions
were met. The blinded review of the data after the brst
10 deliveries did not constimte a Formal interim analy-
sis, as finclings could not be wsed as a basis for carly study
termination. Consequently, no a adjustment for multi-
ple comparisons was necessary. Results presented are for
twor-tailed f tests,

To assess safery, maternal and mfant adverse events
and serious adverse events were recorded, abulaed,
and categorized for all subjects who consumed at least
one egg. The proportion of women and infants in each
group who experienced adverse events was compared
by J[£ tests.

RESULTS

A total of 347 women participated in this smudy. How-
ever, information was collected on 350 pregnancics, as
three women were pregnant twice curing the enrollment
period. In two of these cases, both pregnancics were
completed. To mainin independence amang the study
dlata, the second pregnancy was excluded from the anal-
ysis. An addiional 57 pregnancies were not inchided in
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Figure 1. Disposition of study
subjects. DHA = docosahexas-
nEC acid,
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142 e eggs. bad delivery data avalable,

and were inchuded in the asalviss of

of delivery
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the analysis because the subjects were soudy dropouts
[Figure 1). In sum, 291 subjects completed the study and
were evaluated for the plinned smdy outcomes. The
study dropout rate was 17%,

The safety monitoring incleded all subjects and in-
Fants of subjects who consumed eggs whether or not
delivery information was available as is the standard
practice for safety monitoring, A total of 303 pregnancies
in 303 women and the 305 infants born to these pregnan-
cics were assessed for safety,

Table 2 presents baseline subject characieristics by
group for blood pressure at enrollment and a2 number of
varables that were tested as potental predictors of study
outcomes. The proportion of women assigned to cach
group was similar across the age categories. The study
groups did not differ with respect w any potentially
impartant variables in Table 2 (= 11 for all wests).

Study outcomes are shown in Table 3. Egg intake and
maternal and infant RBC phospholipid docosahexae.
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prmary and secondany outoomes m
dedivery

noic acid at delivery are inchuded in Table 3 because they
are not only study outcomes but also potenially related
tr the planned study outcomes of gestational age, birth
weight, length, and head circumference. Average egg
intake was the same in each group. Infam but not mater-
nal RBC ipid docosahexaenoic acid increased
signaficantly in the high-docosahexaenoic acid g com-
pared with the ordinary egg group.

The simple group means for gestational age are pre-
sented in Table 3. Before controlling for statistically
signibcant predictors, the high-docosahexacnoic acid egy
group had an average increase in gestation of 2.6 = 1.7
days (P= 135). Among women who did not smoke, the
high-decosahexaenaic acid cgg group had an increase in
gestation of 3.7 = 1.9 days compared with the ordinary
cgg group (£ = .45 (Table 3). After controlling for two
statistically mfluential variables, maternal BMI at enroll-
ment and number of prior pregnandes (Table 4), the
high-docosahexaencic acid egg group had a significant
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Table 2. Baseling Characteristics of Subjects®
Ordinary eggs  High-DHA eggs

in=149  {n~ 142)

Age (y) 21.6 {4.2) 21.7 (4.3)
16-20.90 %) 1.7 535
21-25.90 ) 6.2 e
26-10 90 (4 14,1 11.3
31-35.99 %) 4.0 1.9

Gestation [wk) 6.1 (1.4) B0 (1.5)

Diezcent [Afncanother) 1EAK40 10438

BMT 18,6 (5.4) 2.4 (5.9)

Systolic blood pressure 111 {11} 11012
{ma

Dhastolic blood pressure 64 (7) 61 (8)
(s Hg]

Fasting sexum ghecose 102 23 1M (2
{mgiL

Mulliparous before study 58 i
pregnancy (%)

Previous preterm [ 8
dl‘;'H'l.'I':r}' (]

Smaked belore 38,2 4468
pregrancy (%)

Smoked during 215 27.0
preguancy (M)

Alcohol during 4.7 L4
pregancy (%

Premsial vieamin e (%) ne B4

Egg intke imomber per 6B 4.6 7.7 (5.6)
wk)

RBC phospholpid DHA 549 (1.2) 5.45 (1.0
(g per 100 g of fany
acids)

DHA = docosahexaenoic ackd; BAT = lady mas sdes; BBC = red

Felowed cedl

* Miean {sandard deviamo] or %

" Devermiing BMI froan weight 51 24 -28 wocks” gostation would be
cxpected 1o overestimnaze BMI However, rolable  preprogeancy
wiights were nid avai .

ingrease in duration of gestation of 60 % 23 days
compared with the ordinary egg group (276.5 days ver-
sus 270.5 days, = 009).

The simple group mean for binth weight of infants in
the high-docosahexacnoic acid egg group was 103 = 6l g
hagher than for infants wihose mothers coosumed ordi-
nary eggs (= .108) (Table 3). After controlling for
maternal race and BMI at enrollment, variables that
significantly influenced birth weight, infants in the high-
docosahexaencic acid egg group were on average 83 +
62 g heavier at bith than infants in the ordinary egg
group (3145 g versus 3063 g P = .184) (Table 4).

"The simple means by group for infant length and head
circumference at delivery are presented in Table 3. In-
fants i the supplemented group were significantly
longer at delivery (F = J048) and had a rend oward
larger head arcumference (P = .081). Prior preterm
delivery and maternal BMI at enrollment were signifi-
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Table 3. Birth Outcomes Overall and by Race and Smoking
Cabegory Uncontrolied for Influential Variables®

Ordinary eggs  High-DHA eggs
{n= 149} {m= 142}
Greseational age (d)
All subjects 2716 {15.6) 2741 (135
Abrican descent 16 {15.1) 2734 (14.1)
Noa-Alrican descent 2716 {16.8) 2762 (117
[E:Ih"'.:" smoke 2715 (15.3) 2752 (1187
INIIRE, P Ty
Smaked during 2709 (165 214 (17
Pregnancy
Birth weighe (g)
All subgecrs 3106 (551) 30 (533
African desoem J08E (524 J166 (356)
Non-Alrican descent 3274, [(554) J327 W51)
Did mot smoke 126 (547) FE32 {9
during pregnancy
charing 3033 [566) 3145 626
Barth EnErh fcm)
All subjects 4.6 (300 503 (3.0t
African descent 0.4 (300 5000 (2.8
Non-Alrican descent SO0 (3.0% 51.0(3.3)
I ot smoke 49.8 {24y 505 (2.5
during pregnamcy
Smoked during 48.7 (3.3) 0.7 {11}
Ha'nhpll::ncl
circumference
e ]
All subjects 334 (LB 338 (1.7
African descent 393 (LB 33,7 (1.8
Mom-African deseent 3.6 [0 4.0 (1.1}
Did nct seoke 3.5 (18 33.9 (1.5
during pregrancy
Smwoked during 333 20 3352
Prognancy
Placenta weigh (g} il (158) 650 (157)
Soedy e inake 7.3 (@A) 72034
[mumber per wk)
Fenal RBC DHA g 535013 5.53 (1.0
per 100 g of Bary
acids)
Infant RBC DHA (g 718 (1.4) 7.61 (1.3)"
per 100 g of fagey
Al
Preterm delivery 17 (11) 14 (10)
Low birch weight 16 {11} 13 i
Procelanpsin'ockampsia 10 (5.5 5 ([@3.3)
Crestational diabetes 32 43
Cesarcan delivery 21 (14 18 (1)
Meconfum in amnioisc R (19 26 (19
flusicd
Infant to invmsive care 21 {14} 2105

Abtaeviations as in Takble 1.

* Besubhs are mean [standaed deviacon) foe contie anigomes
ana] uember (% incedersce) foe dic ke calcoanes,
* Groups were szacistically d&levene, P= 05 Results wore avaiable

fior cver P ol subjects excep for placenta
b nacermal DA &1 delivery, aisd neomaesd

cutimatod blood
Hi’:n’;r. wluch

e vty fowr 655%, B6%, B, aewl 67. 7% nhl.'l:jm:u. ﬁﬁmei}-
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Table 4. Regression Results for Primary and Secondary Conlinuous Ouicomes After Controlling for the Signifecant

Predictors Moted for Each Dutcomae®

Difference
Cutcarms (MEaN, g ora— TR s rary) F Significant predictors
Geestational age i) G = 23 0 Muacernal BAT 02 ensollment
Prior pregnancies (naumber)
Birth weight (g B3 = 2 JA84 Maternal BMI a2 enrollment
Maeermnal race
Infans lengrh (on) 66 + 0.35 61 Magernal BMI st enrodlment
Prior precerm delivery
Ll bl civcumberence (om) 136 = 0.2 (081 Maternal BMI 2t enrodlment
Smnking before pregnancy

Abbeeviasims as in Takle 2.
* Riesuhs are for rovo-ded e

cantly related 1o length ar birth. After controlling for
these variables, the increase in birth length with docosa-
hexaenoic acid supplementation (066 £ 0.35 om) was
only statistically suggestive (P= 061) (Table 4). Afer
controlling for smoking before pregrancy and change in
maternal BMI during the study, the average difference in
head circumference at birth for infants in the high-
docosahexaencic acid cgp and ordinary ey groups was
similar (7 = 081) (Table 4).

The mcidence of preterm delivery, low birth weight,
and other dichostomous owoomes of interest did not
differ significantly by group (Table 3).

Total study egz intake was significantly corvelated
with maternal RBC phospholipid docosahexaenose acid
at delivery in both groups of women and with infant
EEC phospholipid docosahexaenoic acid in the ordinary
cgg group [Table 5, However, maternal RBO phospha-
lipid docosabexzenoic acid at the time a woman was
enrolled was a much more important predector of mater-
nal BBC phospholipid docosahexaenoic acid at delivery
than was doecosalexacnoic acid intake from . The
Formeer accounted for 42=56% of the variance () (Tabde
5) in maternal RBEC phosphofipad docosahexaenoac acd
at delivery and the lawer for 4 - 6% of the vanance.

Marernal RBC phospholipid docosahexaenoic acid a
the vime of delivery was not significantly corvelated with
pestational age in cither group, but there was o statist-
cally significant relationship between infant docosa-
hexaenoic acid at delivery and gestation i the supple-
mented group (r = 0227, P= 022 (Table 5). Inclading
infants from both groups. each addivonal increase in the
percent of docosahexsenoic acd in mfant cord RBOC
phospholipid was associated with an increase in gesta-
tion of approximately 2 days (P= 011).

Study dropouts (n = 57) and completed subjects (v =
291} did not differ with regard o any variable evaluated
as a potentially influential variable (dat not shown),

A summary of muternal and neonatal adverse events
and serious adverse events is shown in Tables 6 and 7,

yOL. 101, HO. 3, MARCH 2003

respectively. The proportion of mothers in the regular
egg group who experienced onc or more adverse events
was significantly higher than the supplemented group,
3B versus 25% (F= 01). Gynecologe adverse cvents
in general. and labor-related adverse events i particular,
were more common among unsupplemented subjeces
than among those in the supplemented group (Table 6).
Because paties who expericnce one adverse event of-
ten have an increased chance of expenienang other
adwverse evenns, we also looked at the mumbser of subjgects
in the high-decosahexaenoic acid egg and ordinary egg
groups with any adverse event related to labor or other
gynecologc factors, A ol of 25 subjects in the high-
docosahexaenoic acid egg group (16%) and #4 subgeces
in the ordinary egg group (29%) had these kinds of
adverse events, whereas the incidenoe of nongynecologe
adverse events was similar between the trentment groups
{a = 14, 9%, and r = 13, ¥, for the ordinary egg and
high-docosahexaenoic acid cgg groups, respectively).

Mo serious adverse events occurred in the high-doco-
sahexaenoic acid egg group at a higher rate than ex-
pected For the population, and each group had the same
number of tal serious adverse events, Consequently,
serious adverse events were not linked o docosahexae-
naic acid supplementation.

The supplemented and unsupplemented groups of

neonated did not differ in adverse event or senions ad-
verse event incidence (Table 7). In additon, the two
groups of neonmes had similar incidences of preterm
delivery, low birth weighe, and intrauterine growth re-
tardasion (Table 3).

DISCUSSION

The curvent study found a 6-day longer period of gesta:
tion when docosahexaenoic scid intake was increased
during the kst trimester of y. The mechanism
of action is not known, but it is plausible tha dictary
docosahexaenoic acid could increase gestational age by
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Table 5. Correlation of Gestational Age, Birth Weight, Egg Intake, and Maternal REC DHA at Enroliment With Matemnal and

Infant RBC DHA Levals at Delivary by Group

Maternal REC DHA at delivery

AR HECTR o dotbrery

Gesmarional age

Chdimary cgg = 0072 (P= 4 ro= 0110 (P = 27T

High-DHA egg r= =007 (P= Bi7) r= 023 (P= 023
Birth weighe

Chrfimary egg o= [L052 (P= 501) r= 0141 (F=.161)

Highh DHA egg = =065 (F= 476) r= 0038 (P= 703
Total snudy spz intake

Crrfinary cpg o= 0006 (P 0 rom (U23G (= 020

High-DHA egg r= L340 (P= 007) r= 0130 (P= 193]
Average study eop intake per wk

Owdanary cpe o= 0020 (= 189) ro= 0145 (P= 148

Hegh DHA egg r= 0096 (P= 03} r= OGS (P = 495
Blaternal RBC DHA ae enrollment

Ohrelinary e = OLFED (P 001) ro= 0439 (P= 001)

High-DHA egg r= L6545 (F= 1) r= (515 (P=001)
Mazernal RBC DHA ar delivery

Chrdamary egg r= 0637 (P= 001)

High-DHA egp r= 064 (F= 001

Abbrevaaians as in Table 2.

several mechanisms, Prostaglandins By and By are re-
quired For labor and delivery. ™ These two-series pros-
taghandins are derived from the n-6 long chain podvun:
samrated fany acd, amchidonic acid, whereas the less
pesent three-series prostaglindins are derved from the
n-d bong chain pobvunsaturated faty acid, eicosapenta-
enoic acicl, Dietary docosahexaenodc acid could alier the
balance of pmsm&e.ndim by retroconversion to gicosa-
pentacnodc ackd™* or could reduce the production of
tworseries prostaglandins from arachodenic acd by dis-
placing araschidonic acd in membrane phospholip-

Table B. Maternal Adverse Events. Mast Comman Types of
Adversa Events,® and Sarious Adverse Evants, by

Egg Group
Ordinary eggs  High-DHA eggs
%) i (%)
AE (including SAE) 55 38 38 (25
Gymecologic 20 14
infections
Labor relaed a0 14
Presimuure nuptun 8 2
of membranes
Urinary cract 7 X
infection
S5AE L 64

DHA = docoalwexaenaic acd; AE = achwrse oventz SAE = sorioans
adverse Vet

* Types af Aks evabuaced inchaded cardsovascular, digessive, endo-
crine, genibourinary, groeral prmecsogy. grmecalogic m‘rrtn:uu-.‘ te-
oo and . labor refaied, nervous, and respirstory. The
total number of all evpes of AE was greater than the mamber of saljeos
with an AE (58 and 38, respectively) bocanse some women had more
than omc AE.

" Gromupa wore statssically dffoens, P2 01,

46 Semin el o DHA and Pregnancy Oulcomes

ids, ' In an ovine moded, the nfusion of n-3 long chain
polvunsaturated faoy acids (both docosahexaenoic acid
and cicosapentaencdc acid) reversed labor induced by
bﬂﬂnﬂllﬂﬁmﬁ and inhibited prostaglandin synthe-
515,
Cither mechamisms of action may exist, however, and
several mechanisms may be operative at the same tme,
For example, both eicosapentaenoic acid and docosa-
hexaenoic aad have been found w impact beart muscle
function.™® ™ The muscle effects of these n-3 long chain
pobvunsaturated Bty acds include modification of the
eicosanoid svstem, a direct effect of nongseerified gicosa-
pentacnoic acid and decosabexsencic acd on muscle
membranes, an effect on the inositol lipid cycle and cell

Tabde 7. Meondtal Adwerss Events, Most Comman Types of
Adverss Evenls,® and Senous Adverse Events, by

Egg Group
Orcinary egps High-DHA egas
1 {3%] %)

AE (inchading SAE) D162 BTGT)
Chardicvasoular 12 44
Respiraory a2 31
Coused by 3 x

pregmancyldelivery
a0 24(16)
Abdreviarions &5 in Talbile &

'T'\],tq.qd';ldktnrﬁ-tﬂ.i evabaared mchsded body general, cardios
wvascular, eorgenital s odher chromosamal anomalies, velied oo
delvery, digestive, hematologic and lymphate, meabolic sl nmri-
tional, mervems, pregrancy nelased, rv, skin, special sepmes,
arud ua utal, :lmimhﬂﬂlhuiurﬂjmpwm
the sumber of suldeces with an AE (84 and &7, respectively| becare
some infants had soore than one AE.
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sigmaling, and an effect on calcium channels, enzymes, or
receptons.”’ By counteracting stimuli thar increase uter-
me muscle contracility, docosahexaenoic acid might
merease the duration of gestanon by any of these pro-
posed mechanisms.

The mcrease in duratson of gestation noted here s simi-
lar to the increases that have been found in owvo studses of
women with already high background imakes of docosa-
hexaenoic acid and e ic ackd assigned o con-
sume an sdditonal 2.7 g of n-3 long chain polyunsamrswed
faary acads per dary. Dianish women who consumed docosa-
hexaenoic ackd and eicosapentaenoic acid from the 30t
week of pregnancy untl parturition had a longer gestaon
(4.0 days, P = 006), and their infanes tended 1w have a
Tugher barth weaglst (#= .07) and kength (P= 1] compared
with the placebo control group.” Another group of Danish
women, Wi had a pror preterm delivery, consumed 2.7 g
per day of docosabexaenoic acd and eicosapentaenaic acd
from the 20th week of pregrancy to panurition. Com-
pared with the placetss controd group, they had a sspoals-
cantly lower recurrence of preterm delivery, an 8.5-day
merease i duration of gestation, and a 200 increase
mean bt werght,

In contrast, a third birge mndomazed, dinscal tnal with
fish mal docosahexaenoic acxd and scospentacnoie acd
was comchacted m Nomwegian women, who also have a lagh
antecedent mtake of docosabexaenme acid and cicosapen:
taenoic 3cid from Gsh compared with US women.™ In duat
study, nether b Iarth werght nar gestabon increased
when women were supplemented with 2 ¢ per day af n-3
long chain polyunsaturated fatty acids for the last half of
pregnancy. One possible explanation for the alsence of an
effeet on gestation in this stucdy was that barth weghe and
gestabion in the control group were already hagh: more than
3600 g and more than 279 days, respectively,™

If there were a threshold cffect of docosahexacnoic
acid intake on gestation, one might more casily reconcile
the similar increases in gestation observed i our study
and studhes in Denmark, where usual intakes of n-3 long
chan polyumsaturated ity scids are much higher than
n the United States. Indeed, a threshold effect of n-3
bong chaim polyvunsaturated Bty acid ntake for preven:
tron of low bath weght and preterm barth 15 sugpested
by data from a recent analysas of 8729 pregnant Danish
women. ™ The authors calculated that the major effect of
fish intake on these outcomes occurred in the range
between (and 150 mg of n-3 loag chain polyunsaturated
fatty acxds per day.

Spontaneous preterm delivery and losy birth weight are
associued with nsk facors that are prevalent in our study
popadation, nchucing black mce, poor socoeconomac sin-
tuis, and cigarette smoking > Despive this arsd the Fact that
women in our study consumed a mean of 137 mg of

WOL. 01, W 3, MARCH 2003

docosahexaenoic acid per day from high-docosahexacnoic
acid egps (133 myg per egg imes 1.03 egps per day), we dad
not ohserve any obwious reduction in pretenm or low birth
weight delivenies in the present study. Rather, our data
suggest a general increase i duration of gestaton with
higher docosahexaenocic aad mtake.

The present stedy was not powered 1o detect an increase
in binh weight in response to matemnal docosabexacnoic
acid supplememanon, Nevertheless, resulis for thas out-
come and other growth-related owcomes of the stdy
flengrh and head circumference) suggest a positive impact
of higher docosahexaencic acid intake on fetal growth,
Both the stistically significant increase in gestational age
and the nonsignificant trend toward higher [ewnl growth
could be of cinical imporance because relamvely higher
birth weight among normal birth weight verm infants is
associated with higher infam development.® ™!

In a separate. but possibly related, area of investiga-
tion, randomized, controlled trials have shown enhanced
visual and cognitive development of term™ ™ and pre-
term™ ' infants whose postnatal formulas included
docosahexaencic ackd from sources such as fish eil,
marine wlgae ol, and egp hpads. In the only randomized
study to address development of children wiose moth-
ers comsumied n-3 long chain polyunsaturated E].II}" acads
during pregnancy (and the first 4 months of lactation),
fyear-ald children who were exposed 1o supplementa-
tiom early tested significantly higher on the Mental Pro-
cessing Composite of the Kaufman Assessment Bawery
for Children than those who were noa. "¢

A poteruial limitation of the study was that we had to
rely on maternal report of egg intake 10 estimate docosa-
hexaenoic acid inake. To assess the effects of repored
g iake, we measured RRG phosphohpad docosa-
hexaenoic acid, commonly used as an indicator of indi-
vidual docosshexacnoic acd status. We found a high
e segnificant correlation between matermal RBC ks
phaolipid docosahexaenoe aad at enrollment and at de-
Ivery m both groups of women, evidence I';m:nrhn; thas
mesure 2% an mchcator of docosabexoenoie acic status.
Muoreover, total study egy mtake [docosabexaenoic acd
intake from eggs) was positively and significantly corre-
lated with maternal RBC phospholipid docosahexaenosc
acid at delivery in both groups of women, and maternal
docosahexaenoac acid levels at delivery were positively
aed smgmificamtly correlated with idane BB plrosphe-
lipid docosahexaenmec acd bevels at delivery in both
groups, These observitions show that eggs are an effec-
tive source of dietary docosahexaenoic acd, our mea-
sure of cgg intake was Burdy accurate, and higher mater-
nal docosahexaenoic ackd levels lead to higher infant
docosahexaenoic acid levels. Other raw correlations are
included between gestational age and maternalimfant
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docosahexacnoic acid levels for complateness. For exam:
ple, there was a significant correlation between infant
RBC phospholipid docosahexaenoic acid and gestation
in infants of methers whe consumed the high-docosa-
hexsennic acid eges. However, the correlations are not
adjusted for other important Factors that influence the
lengrh of gestion, and it should be kept in mind that the
regression model gives a much more accurate picture of
the relationship between docosahexaenoic acid intake
and gestational age.

As mentioned earlier, cold-water fish are the highest
food source of docosabexaenoic acid in the dier" How-
ever, many fish carry advisorics against consumption by
pregrant and lactating women because of mercury and
other environmental contaminamts that have the poten:
tial to damage the developing fetus '* High-docosa-
hexaennic acid cggs could be an aliermative source of
dietary docosahexacnoic acid from a food that is more
affordable and more broadly consumed than fish.

In conclusion, relatively modest amounts of dietary
docmahexacnoic acid during pregnancy appear to ex-
tend gestational age and may lead 1o enhanced fetal
growth. Further work is needed (o understand the mech-
anism by which prenatal docosahexaenoic acid increases
gestation and to determine whether this increase in ges:
tation has an impact on developmental outcomes.
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