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Abstract
During pregnancy, the benefits of long–chain n-3 fatty acids, mainly DHA supplementation has been reported with controversial results. The aim of this review paper 
is to clarify the role of DHA on maternal and fetal outcomes and to discuss supplementation.  

Low maternal concentrations of DHA are associated with an increased incidence of preeclampsia, gestational diabetes, postpartum depression, preterm labour and 
intrauterine fetal growth restriction (IUGR). 

The effect of a preventive supplementation on these complications  is not clearly demonstrated . Some authors report an improved outcome but recent Cochrane 
database systematic reviews and meta-analysis are not conclusive. 

DHA supplementation reduces significantly the effects of prenatal stress and the perinatal mortality rate. In patients with previous history of preterm birth, 
supplementation is also controversial.

In conclusion, even if the DHA requirements are increased in pregnancy and if positive correlations are reported between low maternal concentrations and an adverse 
pregnancy outcome, there are conflicting results on the efficacy of a DHA supplementation. Further studies using different DHA regimens of administration are 
needed.  In the meantime, as it is a safe supplementation with few side effects, DHA should be prescribed in patients with a low dietary intake and risks factors. 
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Introduction
Long chain polyunsaturated fatty acids (LC-PUFA) especially, 

docosahexaenoic acid (DHA) are important components of the cell 
membranes integrity and function. During pregnancy and during 
postpartum, they are essential precursors for prostaglandins and 
they have been reported to play a role in fetal cognitive and visual 
development [1,2]. During pregnancy, DHA requirements are increased 
mainly during the last trimester [3]. Maternal DHA concentration is 
physiologically reduced by 50%, possibly due to a decreased intake 
but mainly because of the increased maternal blood volume and 
enhanced placental and fetal requirements [4]. As fetal LC-PUFA 
synthesis is limited, its concentration depends mainly on placental 
transfer. Mechanism of placental LC-PUFA uptake from maternal 
circulation and transport is not clear but involves binding proteins 
and placental enzymes. The placental transfer has a high variability 
as shown in cord DHA levels compared to maternal DHA status. 
This can be explained by the intake regimens, the duration of DHA 
supplementation, life style, maternal BMI and placental disorders for a 
small proportion [5]. The maternal to fetal DHA transfer is facilitated 
by placental lipases and fatty acid binding proteins [6]. As the need for 
DHA is increased during the third trimester, a daily supplementation 
could be recommended [7]. Many studies have reported the benefits 
of an adequate DHA status during pregnancy and lactation [8,9]. 
The clinical importance of such effects on infant health has not been 
fully elucidated and is controversial. Therefore, there is a consensus 
statement for a minimal daily intake of at least 200 mg DHA/day [3]. 
Generally, dietary advices for consuming food rich in DHA such as oily 
fish should increase DHA intake and achieve the recommended daily 

intake [10]. Some supplementation trials, however, used high doses of 
DHA and reached a higher daily intake of 3g [11].

The aim of this current review is to clarify the relationship between 
DHA status and pregnancy outcomes regarding mainly the maternal 
and fetal complications. Indeed, DHA is not only involved in cell 
integrity and prostaglandin balance but also in the modulation of 
inflammatory and vascular effects [12,13]. Medical evidence-based 
recommendations are necessary before supporting a systematic 
supplementation during pregnancy. Controversial data are discussed 
for each abnormal outcome in this paper. 

Methods
The chosen approach was a systematic search on PubMed using 

following keywords: DHA and pregnancy; docosahexaenoic acid 
supplementation and pregnancy. 

References published till 2016 including randomized controlled 
trials (RCT), observational studies and review papers were taken into 
account.
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We evaluated pregnancy outcomes, following specific keywords 
entered in PubMed in combination with DHA, omega-3, fish oil and 
LC-PUFA supplementation: 

•	 Maternal outcome: preeclampsia; preterm rupture of 
membranes (PROM); preterm labor; pregnancy induced 
hypertension; gestational diabetes; obesity; postpartum 
depression, prenatal stress.

•	 Fetal outcome: intrauterine growth restriction (retardation); 
congenital malformations or anomalies; birth defects

Results
Meeting the recommended intake 

As the benefits of DHA during pregnancy are not well known 
by pregnant patients, the consumption of oily fish could be reduced 
because of the heavy metals related toxicity. Studies showed the 
importance to develop nutritional education for increasing DHA 
consumption during pregnancy [14].

In order to evaluate DHA intake during pregnancy, many 
intervention trials have been conducted. In the Alberta Pregnancy 
Outcomes and Nutrition (APrON) study including 600 women less than 
26 weeks pregnant, the authors found that seafood, fish and seaweed 
products contributed to 79% of overall n-3 LCPUFA intake. The study 
also demonstrated that a DHA supplementation (approximately 275 
mg during pregnancy and 299 mg at 3 months postpartum) improved 
significantly chances of meeting daily recommendations [15].

In terms of supplementation, a daily intake up to 3 g/day during 
pregnancy has been demonstrated to be safe [11].

A summary of different recommendation of dietary intakes for 
DHA is reported in Table 1 [16,17].

DHA and pregnancy outcomes

It has been suggested that early DHA supplementation in pregnancy 
could reduce the incidence of deep placental disorders. The failure of a 
normal placentation may generate uteroplacental ischemia responsible 
for several complications including preeclampsia, fetal growth 
restriction, preterm labor, PROM, ... In a paper reviewing the effects 
of DHA supplementation on the placentation disorders prevention, an 
early first trimester supplementation was associated with a significantly 
better outcome [18].

Indeed, in vitro, DHA has been shown to stimulate angiogenesis in 
placental cells. It enhances the expression of major angiogenic factors 
but also increases the genic expression of intracellular fatty acid-
binding proteins (FABP) [19].

A preliminary report compared a group of 28 pregnant women 
with a DHA supplementation (300 mg) after 20 weeks to 50 pregnant 
controls with no supplementation.  There was an association between 

DHA supplementation and low level of placental apoptosis and 
subsequently with a decreased incidence of placental failure [20,21].

Preeclampsia (PE) and pregnancy induced hypertension

Preeclampsia is a severe obstetrical complication related to a 
multifactorial placental dysfunction combining excessive oxidative 
stress and endothelial dysfunction. Vascular endothelial growth factor 
(VEGF) is an angiogenic factor involved in preeclampsia: low serum 
level of VEGF has been reported in the preeclamptic patients compared 
with that in normal pregnant subjects. VEGF deficit could lead to 
endothelium cell dysfunction with a possible decreased transfer of fatty 
acids. Patients with preeclampsia showed a reduced concentration of 
LC-PUFA and consequently, had a deficiency of anti-inflammatory 
factors such as lipoxin and prostaglandins [22]. A prospective study 
comparing preeclamptic women and healthy controls showed also 
that preeclampsia was associated with a decreased maternal level 
of plasmatic total omega-3 fatty acids and with a higher level of 
oxidative stress activity [20]. Wadhwani et al measured serum fatty 
acid concentrations in 140 normotensive and 54 PE women from the 
16th week of gestation till delivery. They found lower levels of DHA in 
maternal plasma, cord plasma and placenta in the group with PE. They 
suggested that supplementation of omega-3 fatty acids during the 16-
20th week of gestation could improve fatty acid status in infants born to 
mothers with PE [23].

Similarly, in another study comparing preeclamptic and control 
women, a significantly lower maternal and placental DHA level was 
reported. It was inversely correlated with the seric concentration of an 
antagonist of VEGF and placental growth factor, the soluble like tyrosine 
kinase receptor (sFlt-1). The authors suggested that an abnormal LC-
PUFA metabolism in the membrane with low DHA concentration was 
responsible for an increased release of sFlt-1 in the maternal circulation 
[24]. A follow up study from the same group indicated that low DHA 
levels were also related to baby gender in women with preeclampsia. 
They found lower maternal plasma DHA levels in women with 
preeclampsia delivering male babies as compared to normotensive 
control women delivering male babies but this difference was not 
significant in women delivering female babies. This study could have 
implications in early life if the correlation between DHA maternal 
blood concentration and neonatal outcome if confirmed [25].

These results are controversial, as a Cochrane Database Systematic 
Review did not find enough evidence to support the marine oil 
supplementation in order to reduce the rate of preeclampsia [26]. Of 
note, this review only included a limited number of studies and refers 
to ongoing studies, which are also included in this review [27,28].

DHA and obesity 

Obesity during pregnancy is a concern for the obstetrician because 
of the associated maternal and fetal morbidity [29]. A recent review 
paper studied the role of n-3 LC-PUFAs in pregnant obese women 
with metabolic syndrome (MS) .The authors concluded that PUFAs 
supplementation was not able to prevent preeclampsia, gestational 
hypertension or gestational diabetes in this obese population. 
However, they found other benefits such as prevention of preterm 
delivery and improvement of fetal and neonatal outcome (allergies 
and neurocognitive performance after birth).  They concluded that a 
supplementation with PUFAs is recommended, although the optimal 
dose and treatment strategy should be determined [30].

However, in the randomized double-blinded controlled trial called 
DOMInO (DHA to Optimize Mother Infant Outcome) comparing 

Authority Year
EPA + DHA (mg/d) for

Adults Pregnancy
European Food Safety Authority 

(EFSA) 2012 250 250 (of which 100-200 
DHA)

Nordic Nutrition 
Recommendations (NNR) 2012 200-250 DHA 200 mg DHA

WHO 2003 200 – 1000 /wk -
National Health and Medical 
Research Council (NHMRC) 2006 430 – 610 115

Table 1. Recommended dietary DHA supplementation 
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a 800 mg/d DHA supplementation versus placebo in 2399 pregnant 
women, there was no change for gestational diabetes nor preeclampsia 
prevalence in the obese pregnant patients with supplementation [31].

Another double blind RCT studying the effect of omega 3 fatty 
acids supplementation during pregnancy, showed that the placenta of 
supplemented obese women was less able to esterify and store lipids, 
while both birth weight and length were significantly higher than in the 
control group [32].

DHA and gestational diabetes 

Gestational diabetes mellitus (GDM) is a common pregnancy 
complication with an increasing prevalence between 3 and 10%. 
GDM is associated with both short and long term maternal and fetal 
morbidity. The effect of DHA supplementation on GDM incidence and 
severity has been previously studied. The DOMInO trial showed that a 
daily supplementation of 800 mg during the second trimester was not 
able to reduce the risk of GDM. However, there was a significant effect 
on perinatal mortality and neonatal convulsions in the DHA treated 
group [31]. Another RCT using a supplementation of 600 mg reported 
increased maternal but not fetal DHA levels in pregnant patients 
with GDM [33]. This finding could be explained by an impaired 
DHA transfer across the placenta due to GDM as reported by Pagan 
et al using stable isotope tracers for dynamic studies in vivo [34]. 
A prospective study on maternal fatty acids concentrations during the 
third trimester also showed that they were lower in patients with GDM. 
It could be due to an impaired metabolism instead of an abnormal 
intake [35].

In conclusion, DHA concentrations are decreased in women with 
GDM but there is no evidence of GDM prevention in patients receiving 
DHA supplementation [30,31].

DHA and postpartum depression

Major depression has been correlated with reduced serum PUFA 
concentration [36]. The physiological PUFA depletion associated with 
the last trimester of pregnancy could be responsible for an increased 
incidence of postpartum depression. 

A retrospective observational study comparing women with 
postpartum depression and controls confirmed the lower serum PUFA 
concentration in the postpartum depression group and suggested the 
benefit of a supplementation [37]. Another study reported that the 
increased risk of postpartum depression was reduced in the presence of 
a decreased ratio of DHA / n-6 docosapentaenoic acid [38].

However, the DOMInO trial could not evidence a significant 
difference in the maternal postpartum depression rate between the 
supplemented and the non supplemented group [39].

In an observational study using a multivariable logistic regression 
adjusting for social class and maternal age, a weak positive correlation 
(OR=1.08; 95% CI:0.98-1.19) was found between DHA levels and 
depression during pregnancy and postpartum [40].

A 2013 Cochrane Database Systematic Review aiming to assess 
the benefits of dietary supplements (Selenium, DHA, EPA…) for 
preventing postpartum depression included two RCTs using different 
daily DHA intake (900 mg and 274 mg) versus placebo. There was no 
difference of postpartum depression prevalence in the two groups. 
The authors could not conclude on the evidence-based effect of DHA 
supplementation on postnatal depression and could not recommend it 
as prevention [41].

Another study based on 900 pregnant patients compared the blood 
fatty acids (DHA, EPA, omega 3) status with a standardized evaluation 
of postnatal depression. There was no correlation between the serum 
PUFA concentrations and the postpartum depression gravity criteria 
[42]. In conclusion, apart one study, there is no evidence that a DHA 
supplementation may prevent postpartum depression.

DHA and prenatal stress

Prenatal stress is a well-known multifactorial pathology affecting 
the outcome of the pregnancy and the offspring both in human and 
animal models [43,44]. In a study performed in non-pregnant patients, 
PUFA supplementation has been shown to reduce stress-induced 
effects on appetite, mood, mental concentration, and sleep quality. 
This positive action was also correlated with seric cortisol levels [45]. 
In order to confirm an effect on prenatal stress, an investigation was 
initiated in low-income African American pregnant women enrolled 
between 16 and 21 weeks and randomized with either a 450 mg/d 
DHA supplementation or placebo. The supplemented group was 
found to have a reduced stress scale quote and lower seric cortisol 
concentrations. This preliminary study supports the use of a DHA 
supplementation for improving both maternal and fetal outcomes in 
pregnant patients at risk for prenatal stress [46].

DHA and fetal growth 

Fetal growth requires the presence of a normal placental function 
and an adequate maternal nutritional status. Low birth weight (LBW) 
is associated with short and long term morbidity and mortality. Several 
studies reported the effect of DHA supplementation on newborn 
weight. 

A small RCT including 43 women at high risk for preterm delivery 
tested the effect of vaginally administered DHA versus placebo. The 
supplemented group had a significant increase in gestational age at 
delivery and in newborn birth weight [47].

In a prospective study, Wadhwani et al reported a positive 
correlation between the maternal and umbilical cord plasma DHA 
concentrations and birth weight [48].

In a double blind RCT including 350 women receiving either 
600mg/d DHA or placebo, the authors found that supplementation 
during the last half of gestation resulted in overall greater gestation 
duration and infant size [8].

However, another double-blind (400 mg DHA versus placebo) 
RCT, based on 1094 pregnant women, did not show any difference 
in the mean gestational age, weight and head circumference between 
the 2 groups. When data were analysed according to gravidity, the 
primigravidae offspring were significantly heavier and had larger 
head circumferences than controls [27]. All studies but one support 
a positive effect of DHA supplementation on birth weight and fetal 
growth.

DHA and fetal intrauterine growth restriction 

Intrauterine growth restriction (IUGR) is a multifactorial disorder. 
When it is associated to placental insufficiency, fetal lipid metabolism 
may be dysfunctional.  Studies on animal models reported an impaired 
DHA transplacental transfer in IUGR. This could be partly responsible 
for the neurological sequellae associated with this pathology [6].

In a prospective study on pregnant women, the first trimester DHA 
concentration in maternal erythrocytes was significantly correlated 
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with neonatal weight. DHA levels were lower in women delivering low 
birth weight infants compared to controls [49].

However, the role of DHA prevention is controversial: a Cochrane 
database systematic review did not evidence a reduced prevalence of 
IUGR when a supplementation by marine oil was prescribed [26].

A recent systematic review based on three RCTs evaluating the 
effects of omega -3 supplementation in patients with a previous IUGR, 
did not find any significant difference in birth weight between the 
supplemented patients and controls. The incidence of perinatal death 
was similar in both groups. This review did not support a routine DHA 
supplementation for preventing recurrent IUGR [50].

DHA and Prevention of preterm birth (PTB) and Premature 
rupture of membranes (PROM) 

The role of DHA in the prevention of PROM and preterm labor 
has been studied and remains controversial: as preterm labour is a 
multifactorial process, it is difficult to compare outcomes associated 
with different causes. Inflammation is one of the leading causes of PTB 
and PROM [51].

In general inflammation process is mediated by cytokines and 
prostaglandins. A study established that TNF α and interleukin release 
could be down regulated by a diet with fish oil suggesting a protective 
effect against inflammation consequences [52]. A possible effect of 
DHA supplementation on the risk of PROM, placental inflammation 
and oxidative stress incidence has been reported in a pilot study in 
healthy pregnant women [7]. Oxidative stress could affect the secretion 
of neurotrophic factors such as the brain-derived neurotrophic factor 
and nerve growth factor, proteins involved in both angiogenesis and 
placental development. In preterm delivery, their concentration are 
decreased specially in patients with abnormal omega3 fatty acids levels 
[53].

In a systematic review and meta-analysis published in 2010, the 
benefits of n-3 fatty acids were clearly demonstrated: women with n-3 
fatty acids supplementation delivered significantly later compared to 
the control group. The mean birth weight of the first group was also 
higher [54].

An expert workshop of the Early Nutrition Academy concluded 
that an additional supply of 200 mg /day of DHA in order to reach a 
total intake of 300 mg during pregnancy, is beneficial for preventing 
preterm labour before 34 weeks [55].

An observational study in women consuming fish and receiving 
an additional supplementation of 200 mg DHA /day showed that they 
have a lower incidence of preterm labour and an increased neonatal 
weight compared to controls without supplementation [56].

However, a Cochrane database systematic review did not find 
enough evidence to recommend a marine oil supplementation in order 
to reduce the rate of preterm birth [26].

A more recent systematic review and meta-analysis of 9 RCTs 
on the preventive role of omega-3 supplementation in asymptomatic 
singleton pregnancies with a previous history of preterm labour, was not 
conclusive for a beneficial effect on the outcome. Supplemented group 
and controls had similar incidence of preterm labour and secondary 
neonatal outcome. However, in the omega-3 treated group, there was a 
significant longer latency and higher birth weight suggesting a possible 
benefit of the supplementation [57].

DHA and other fetal disorders 

The cause for congenital malformations is multifactorial. Many 
studies have reported the role of a deficient diet during conception 
and pregnancy on congenital abnormality incidence. For instance, a 
Cochrane database systematic review strongly recommends a systematic 
supplementation of folic acid to prevent neural tube defects [58].

The role of PUFA in fetal development and subsequently on birth 
defects is not clear. A pilot case study based on pregnant patients with 
fetuses affected by gastroschisis. The lipids pattern was evaluated in 
maternal and neonatal blood: there was a significantly higher DHA 
concentration-, in gastroschisis mothers at delivery compared to 
controls. Moreover, the association of low oleic acid, low lipogenic 
index and increased desaturation index in gastroschisis mothers, 
suggests that the imbalance in fatty acids associated with either a 
vascular or an inflammatory process may be the underlying mechanism 
responsible for this birth defect [59].

Zellweger syndrome is a congenital disorder associated with 
dysfunctional peroxisomes, intracellular organelles involved in lipids 
oxydation and biosynthesis. Patients affected by the syndrome were 
found to have low DHA concentration in the brain and other organs 
.The effect of a DHA supplementation  (100-500 mg per day)  improved 
the DHA levels, the liver function as well as the vision [60]. There is no 
longitudinal study on the effect of a prenatal supplementation and the 
Zellweger incidence.

Autism is a multifactorial process associated with genetic and 
environmental causes. Some forms of the disorder have been linked 
to altered PUFA metabolism. Micronutrients deficiency plays an 
important role on neurotrophic factors and neurotransmitters synthesis 
and effects.  Even if the mechanism remains unclear, adverse events 
occurring prenatally such as malnutrition could also induce an excessive 
inflammatory response partly responsible for brain disorders [61].

However, the protective effect of a prenatal DHA supplementation 
on autism incidence has not been reported yet.

DHA and perinatal mortality

Either related or independent of the neonatal morbidity due to 
maternal or fetal disorders, perinatal mortality remains a concern. 
In a metanalysis reviewing 34 RCTs, the authors found in singleton 
pregnancies supplemented from the second trimester a significant 
reduction in the perinatal mortality rate. Further studies for confirming 
this data are required [57].

Discussion 
DHA is a key nutrient for the metabolism, especially during 

pregnancy and lactation.  The benefits of DHA are based on its anti-
inflammatory and anti-oxidative properties improving both placental 
blood flow and amniotic membranes resistance.  It is well established 
that during the last trimester of pregnancy, maternal seric DHA 
concentrations are decreased not only because of vascular volume 
extension but also by maternal, placental and fetal DHA increased 
requirements [1,2,11]. There are some physiological adaptation 
mechanisms such as DHA synthesis from fatty acids but a diet with oily 
fish for achieving the minimum intake is strongly recommended [10].

Several regimens of DHA supplementation have been evaluated 
in RCT and observational studies. If the effect of supplementation 
remains controversial, at least it has been proved to be safe [11,16,17]. 
Part of the explanation of this controversy is the discrepancy in cord 

http://www.ncbi.nlm.nih.gov/pubmed/26662928
https://en.wikipedia.org/wiki/Peroxisome
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blood concentrations: the difference in gestational age and in placental 
transfer function could be responsible for it [5]. Another explanation 
could be the lack of control on the quality of DHA supplements used 
in the studies, as LC-PUFA could be more or less oxidated when 
administered.  It is not well established whether this parameter affects 
both efficacy and safety [62].    

How and when should DHA supplementation be recommended 
and in which form? 

There’s no clear answer to this question yet. The Word Health 
Organization (WHO) states that current evidence on supplementation 
with n-3 LC-PUFA is indicative for a reduced risk on preterm delivery, 
however they still need more research before they will make specific 
recommendations [63]. EFSA allows reaching the Dietary Reference 
Value for LC-PUFA (250 mg EPA plus DHA, plus and additional 100-
200 mg of DHA) either by food and supplements [64].

The authorities do not recommend a specific form for 
supplementation. A recent North American study compares several 
fish oil supplements on the market. The authors concludes that 
highly concentrated fish oil in unflavored soft gel capsules seems the 
best option to prevent the fragile n-3 LC-PUFA from deteriorating 
oxidation.  Quality standards should be established by medication 
regulation instances in order to guarantee the best efficacy of fish oil [62].

What is the effect of a supplementation on maternal and fetal 
outcome?

A recent systematic review of Level -1 data and based on 34 RCTs 
aiming to establish recommendations for DHA supplementation 
during pregnancy was unable to provide evidence for a preventive 
effect pregnancy complications. However, the authors reported a 
positive effect of supplementation on neonatal outcome of patients 
with gestational diabetes (hyperbilirubinemia rate, hospitalization 
rate) as well as a significant reduction in perinatal death in singleton 
pregnancies supplemented before 20 weeks of gestation [65].

Our review paper aims to analyse the controversies found in the 
literature.  Some papers report an improved outcome for preventing 
placentation disorders [18]. But 3 Cochrane database systematic reviews 
and recent meta-analysis are not conclusive and do not recommend a 
DHA supplementation for the prevention of preeclampsia, gestational 
diabetes and postpartum depression [26,30,31,41].

DHA supplementation reduces significantly the effects of prenatal 
stress and the perinatal mortality rate and also, increases the birth 
weight [46,48]. However for recurrent IUGR, it is not clear that a routine 
supplementation could improve fetal growth [50]. In patients with 
previous history of premature rupture of the membranes and preterm 
birth, the preventive effect of a supplementation was found in some 
studies [54-56] but it is controversial as a recent meta-analysis does not 
support a beneficial effect of DHA on preterm labour incidence [57].

Conclusion
The role of LC-PUFA, especially DHA for the materno-fetal 

and placental physiology is well known. Pregnancy is associated 
with an increased need for DHA and a possible depletion of DHA 
in the maternal stores. Many studies reported a correlation between 
low serum levels of PUFA and adverse outcomes in pregnancy.  An 
increased dietary fat intake should be recommended during pregnancy. 
There are conflicting results on the efficacy of a DHA supplementation. 
A recent meta-analysis does not support a preventive effect of DHA 

supplementation on some pregnancy complications but other studies 
report however a significant effect in the presence of prenatal stress and 
on the perinatal mortality rate and birth weight. A better knowledge 
of transplacental transfer, of polymorphisms on fatty acid metabolism 
enzymes genes and also the galenic properties of supplementation 
could explain the controversial results found in the literature. In the 
meantime, DHA should be prescribed in patients with a low dietary 
intake and risks factors, as it is a safe supplementation with few side 
effects. 
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