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Abstract: The metabolic demand for n-3 long chain polyunsaturated fatty acids (n-3
LCPUFA), particularly docosahexaenoic acid (22: 6 n-3, DHA) is increased during
pregnancy because of the extra needs of the fetus, expanded maternal cell mass and
placenta. However, in Western countries maternal dietary n-3 LCPUFA intake in
pregnancy is low and it is not clear whether adaptive metabolic mechanisms, such as
increased DHA synthesis from precursor fatty acids, are capable of meeting the increased
need in pregnancy. Consequently randomized controlled trials have been important to
determine whether additional dietary n-3 LCPUFA in pregnancy modifies pregnancy,
maternal and infant health outcomes. Supplementation with at least 1g n-3 LCPUFA per
day results in a modest increase in the duration of gestation that may be most evident at
the extremes of gestation. Additionally, n-3 LPUFA supplementation of well nourished
pregnant women has little benefit in preventing maternal postnatal depression and is
unlikely to result in major benefits to the developmental outcomes of young children.
Further work in needed to identify the specific ‘‘at risk’’ groups who are most likely to
benefit from supplementation.
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The metabolic demand for n-3 log
chain polyunsaturated fatty acids, (n-3
LCPUFA), particularly docosahexaenoic
acid (DHA) during pregnancy is higher
than for the non-pregnant state. The last
trimester of pregnancy is the time when
DHA accretion into the fetal brain and
nervous system is at its greatest velocity.
The fetus is supplied with its DHA from
the maternal circulation and post-mortem studies indicate that the fetus
accumulates an average of 67mg of n3 fatty acids, mostly as DHA, per day
during the last trimester of pregnancy
(Innis, 2003). In addition the mother
has increased requirements to support
the expanded red cell mass and placenta as well as her own base needs.
This increased metabolic need for DHA
in pregnancy may be furnished by
maternal DHA intake, adaptive metabolic mechanisms in pregnancy such as
an increased synthetic capacity to
metabolise ALA to DHA (Burdge and
Calder, 2005) and a preferential use of
the DHA stored in adipose tissue

(Makrides and Gibson, 2000) and the
DHA saved from pregnancy amenorrhea. It has not been possible to quantify
the positive and negative sides of the
DHA balance equation during pregnancy to ascertain whether there is a
‘‘true’’ increased requirement. However, we do know that the DHA intake
of women in industrialized countries in
generally low and there is little evidence
that women change their dietary habits
to enhance their DHA intakes in pregnancy. Mean DHA in Western countries
is 70-200 mg/day (Denomme et al.,
2005; Innis and Elias, 2003; Meyer et al.,
2003; Otto et al., 1997; Stark et al.,
2005) but in some cases median intake
is lower (30-50 mg/day) highlighting a
skewed distribution of intakes (Meyer
et al., 2003) so that many women have
intakes less than the estimated daily
accretion of DHA into the fetus during
the last trimester of pregnancy. These
observations highlight a potential dietary insufficiency of DHA for both mother
and baby.

Dietary insufficiency of
n-3 LCPUFA in pregnancy
and maternal depression
A pooled analysis of cross country data
showed a negative associated between
the prevalence of postnatal depression
and either seafood consumption or breast
milk DHA concentration (Hibbeln, 2002).
This led to further investigation of the
association between n-3 LCPUFA intake
during pregnancy and symptoms of
postnatal depression using the data
available from the Avon Longitudinal
Study of Parents and Children (ALSPAC).
This report, with data from approximately 14,000 women, suggests that a
negligible intake of seafood at 32 weeks
gestation was associated with a doubling
in depressive symptoms compared with
a high to moderate intake seafood intake
supplying at least 320 mg n-3 LCPUFA
per day (Hibbeln et al., 2003). These
observations together with the association between n-3 fatty acid deficiency
and reduced brain serotonin in animal
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studies highlight the plausibility of the
hypothesis that dietary DHA insufficiency
may be associated with symptoms of
postnatal depression, and clearly highlight the need for well designed randomised controlled trials to establish a
cause and effect relationship between
increased dietary n-3 LCPUFA and
reduced postnatal depression. Although
two of the three available trials indicate
that n-3 LCPUFA may ameliorate depressive symptoms in the perinatal period, all
three trials have some methodological
limitations (small numbers and/or open
label design) that cannot exclude bias
and random error (Llorente et al., 2003;
Freeman et al., 2006a; Freeman et al.,
2006b).
With this background we conducted the
DOMInO (DHA to Optimise Mother
Infant Outcome) trial (Makrides et al.,
2010). The DOMInO trial included 2399
women and their children from 5 perinatal centres around Australia. Women
with singleton pregnancies were allocated to take 30.5 g capsules per day
containing either high-DHA fish oil or a
blend of three vegetable oils from midpregnancy until birth. One of the key
aims was to assess the effect of DHA
supplementation during pregnancy on
postnatal depression in women, as indicated by a high score on the Edinburgh
Postnatal Depression Scale of at 6 weeks
or 6 months post-partum. Although we
found a lower percentage of women in
the DHA group reporting high levels of
depressive symptoms, the DHA and
control groups did not significantly differ
(9.7% vs 11.2%, respectively; adjusted
relative risk 0.85; 95% confidence interval (CI) 0.70 to 1.02; n=2399, P=0.09)
(Makrides et al., 2010). This suggests that
any effect of supplementation during
pregnancy on postnatal depression is
either small or negligible.

n-3 LCPUFA during
pregnancy and
neurodevelopmental
outcome of the off-spring
It is almost impossible to consider dietary
intakes of n-3 LCPUFA during pregnancy
without some consideration of childhood outcome. Indeed there has been
renewed interest regarding the intake of
n-3 LCPUFA, fish and seafood during
pregnancy and the developmental outcome of children. Data from large cohort
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studies in the USA and the UK, in which
dietary intake was measured in pregnancy and development of the offspring
assessed, demonstrate that maternal fish
intake during pregnancy was positively
associated with developmental and
behavioral outcomes. Interestingly the
data from both cohorts indicate that
there may be a threshold (minimum
intake) to achieve the beneficial associations between fish intake in pregnancy
and child development. For example in
the cohort from the USA the developmental advantage was noted when fish
intake in pregnancy was greater than 2
fish meals per week (Oken et al., 2008),
while in the cohort from the UK, seafood
intake greater than 340 g per week was
associated with improved childhood
cognition and behavior (Hibbeln et al.,
2007). These data add to the debate
regarding the relative risks and benefits
of fish and seafood intake during pregnancy especially with regard to neurotoxicity from methyl mercury. Hibbeln et
al. modeled their analyses to test the US
Federal Government advisories for pregnant women to limit their intake of
seafood to <340 g per week. Oken et
al. specifically assessed maternal mercury
levels and found that higher mercury
concentrations in maternal red cells were
independently adversely associated with
developmental outcome. Inclusion of
both fish and mercury in their statistical
model strengthened the positive association between maternal fish intake and
early childhood development as well as
strengthening the negative associate
between maternal mercury concentration and developmental outcome (Oken
et al., 2008). Collectively these data
highlight an independence of fish and
seafood intake from mercury. Interestingly, only 23% of the mothers who
consumed fish more than twice per week
were likely to have the highest concentrations of red cell mercury indicating
that either these women ate fish low in
mercury or that there were other sources
of mercury exposure.
Fish and seafood are good dietary
sources of n-3 LCPUFA as well as other
nutrients that may impact on developmental outcome such as iodine. It is for
this reason that randomized intervention
trials involving specific nutrient supplementation are important in establishing
the potential specific benefits related to
individual nutrients. To date there have
been four RCTs involving DHA supple-

mentation during pregnancy that have
measured cognitive development in
childhood (Judge et al., 2007; Tofail
et al., 2006; Dunstan et al., 2006; Helland
et al., 2001) (one trial has multiple
publications). All trials involved supplementation of women from mid-pregnancy to delivery or later with a DHA-rich
fish oil. Three trials tested doses of DHA
ranging 1.2-2.2 g/d, whereas one supplied 300 mg DHA/day in muesli bars
(Judge et al., 2007). Results from these
trials were mixed; no difference in early
cognitive development was observed in
Fagan Infantest at 6 or 9 months, global
development at 10 months (Tofail et al.,
2006), language or behaviour at
30 months (Dunstan, et al. 2006), or
IQ at 7 years (Helland et al., 2008)
between the supplemented and control
groups. However, improved problem
solving at 9 months (Judge et al.,
2007), hand-eye coordination at
30 months (Dunstan et al., 2006) and
IQ at 4 years (Helland et al., 2003) were
reported with DHA-supplementation in
pregnancy. However all of the trials had
some methodological limitations – all
had relatively small sample sizes and
were thus were underpowered for studying global cognitive outcomes in childhood. Furthermore, most trials suffered
from significant attrition and/or selective
loss from the fish oil supplemented
group. Significant attrition or selective
loss can both interfere with the integrity
of the original randomization and hence
increase the likelihood of bias. Although
it is not possible to draw any robust
conclusions regarding the cause and
effect relationship of an increased dietary
supply of n-3 LCPUFA during pregnancy
and the cognitive development of the
off-spring, a number of trials internationally have been specifically designed to
answer the elusive question of whether
DHA supplementation during pregnancy
improves neurocognitive outcomes in
childhood.
The first of these recent trials to fully
report developmental outcomes in
young children has been the DOMInO
trial (Makrides et al., 2010). Our DOMInO trial showed that while DHA supplementation did no result in significant
benefit to mean cognitive scores at
18 months of age, there were significantly fewer children in the DHA group
with low cognitive scores (<85), indicative of mildly delayed development,
compared with the control group. This

finding has caused significant interest
because it suggests that DHA supplementation may be efficacious only for
young children who may be at risk of
developmental delays. The suggestion
that some children may need more DHA
than others is perhaps best highlighted
by the special case of the preterm infant
(Makrides et al., 2009).

n-3 LCPUFA
supplementation during
pregnancy, pregnancy
duration and birth size
One of the potential effects of n-3
LCPUFA supplementation during pregnancy, which has not received much
recent attention, is the prevention of
preterm birth or the prolongation of
gestation. It has been postulated that n3 LCPUFA could delay initiation of
labour and cervical ripening by inhibiting the production of prostaglandins
F2a and E2. This biochemical plausibility taken together with the observational studies showing an association
between high fish consumption and
increased duration of pregnancy, higher
birth weight and a lower incidence of
pre-eclampsia (Olsen et al., 1986; Olsen
and Joensen, 1985) resulted in a number of randomised controlled trials to
assess the cause and effect relationship
between fish oil supplementation in
pregnancy and improving major pregnancy outcomes.
Three systematic reviews have recently
aggregated the results of the relevant
randomized controlled trials (Makrides
et al., 2006; Horvath et al., 2007;
Szajewska et al., 2006). The metaanalyses showed remarkably consistent
results despite the fact that these
reviews had differing inclusion criteria.
In brief, supplementation with marine
oil in the second half of pregnancy
resulted in a modest increase in the
length of gestation (approximately 2.5
days) compared with no marine oil
treatment. This was not reflected in a
clear difference between the two groups
in the risk of preterm birth (<37 weeks
gestation), although women allocated
marine oil did have a lower risk of giving
birth before 34 weeks gestation (Makrides et al., 2006; Horvath et al., 2007).
These data are also surprisingly consistent with the data from the DOMInO
trial, which is the largest published trial

in the field (Makrides et al., 2010). The
level of concordance between the outcomes of the systematic reviews and the
single largest trial offers a high degree of
confidence that relatively high dose
dietary n-3 LCPUFA during pregnancy
could be an effective strategy to prevent
early preterm birth. Of course preventing early preterm birth implies a prolongation of gestation and it is
important to consider whether there is
an effect at the other extreme of
gestation length and whether n-3
LCPUFA supplementation increases
post-term birth. Although these data
were difficult to decipher from the
systematic reviews, the DOMInO trial
did suggest that supplementation was
associated with increased obstetric
intervention (inductions and elective
caesarean sections) because of postterm dates (Makrides et al., 2010).
Clearly more work is needed and care
is required in balancing the potential
hazard and benefit of n-3 LCPUFA
supplementation with regard to the
duration of gestation.
Interestingly both the systematic
reviews and the DOMInO trial show
modest increases in birth weight of
infants born to women treated with n-3
LCPUFA during pregnancy compared
with control (Makrides et al., 2006).
These differences were commensurate
with the small increases in mean
gestation length and there were no
overall differences between the groups
in the proportion of small-for-gestational age babies or birth weight zscores suggesting that any effect of n-3
LCPUFA may be a function of the
duration of gestation rather than a
direct effect on fetal growth.
In summary, n-3 LCPUFA of pregnant
women is well studied and important
core information exists. Supplementation, at higher n-3 LCPUFA doses than
available in commercially available prenatal supplements, results in a modest
increase in the duration of gestation that
may be most evident at the extremes of
gestation. Additionally, n-3 LPUFA supplementation of well nourished pregnant women is unlikely to have a major
effect of preventing maternal postnatal
depression and is unlikely to result in
major benefits to the developmental
outcomes of young children. Further
work in needed to identify the specific
‘‘at risk’’ groups who are most likely to
benefit from supplementation.
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