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Objective: Preterm birth continues to be the one of the leading causes of infant deaths worldwide. There is a
need for effective, easily available, safe and acceptable interventions to prevent preterm delivery, especially
before 34 weeks of gestation. Omega-3 fatty acids such as EPA (eicosapentanoic acid) and DHA
(docosahexanoic acid) are available as over the counter nutritional supplements, and are taken by women
to improve pregnancy outcomes, without any clear recommendations. We undertook a systematic review
to assess the effects of omega-3 fatty acids on early (<34 weeks) and any (<37 weeks) preterm delivery.
Methods: We searched MEDLINE, EMBASE and Cochrane Library from inception to 2014 without any
language restrictions. Study selection, quality assessment and data extraction were done by two
independent reviewers. Results were summarized as relative risks and 95% confidence intervals for
dichotomous outcomes and mean differences for continuous outcomes.

Results: Of the nine included trials (5980 women), six (4193 women) evaluated the effects of omega-3
fatty acids on early preterm delivery. The risk of early preterm delivery was reduced by 58% (RR 0.42; 95%
C1 0.27-0.66; I> = 0%; p = 0.0002) and any preterm delivery by 17% (RR 0.83; 95% CI 0.70-0.98; I* = 0%;
p =0.03) with the intervention. There was a significant increase in the mean gestational age by 1.95
weeks (95% CI 0.42-3.48 weeks; I*=0.47; p=0.01) and mean birth weight by 122.1 g (95% CI 47.4-
196.8; I*=0.84; p=0.001) in the intervention group compared to the controls. Subgroup analysis
showed no significant differences in the effects between the groups according to the risk status, dose and
timing of the intervention.

Conclusion: Omega-3 fatty acids are effective in preventing early and any preterm delivery. The
intervention is simple and easily available and has the potential to influence population based strategies
in the prevention of preterm birth.
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Introduction

Gestational age at delivery is the single most important
determinant in the survival and long term neurodevelopment of
the new born [1,2]. Early preterm infants often need prolonged
intensive care for prematurity related morbidity, and long term
support for neurodevelopmental problems. A baby born before 34
weeks of gestation costs around £60 K to the UK National Health
Service (NHS), and $150K to the US healthcare system [3].
Delaying premature births by a week could potentially save £260
million a year in UK [3].
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Current management strategies focus on the prevention of all
preterm births, including late preterm births between 34 and 37
weeks of gestation, and less on the clinically important outcome of
early preterm delivery. Furthermore, interventions to prevent
preterm births such as progesterone and cervical cerclage have
limitations such as cost, availability and safety [2]. There is a need
for a population based strategy that focusses on primary
prevention of preterm birth, especially before 34 weeks gestation.
Such an intervention needs to be easily accessible, cheap, and
acceptable to women with minimal side effects.

Omega-3 fatty acids such as DHA (docosahexaenoic acid) and
EPA (eicosapentaenoic acid) are available as over the counter
supplements for pregnant women. There are no clear recommen-
dations on their intake in pregnancy. The long chain polyunsatu-
rated fatty acids (LC-PUFA) have been evaluated for their potential
role in preventing preterm delivery. However, systematic reviews
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to date including the Cochrane review [4] have provided
conflicting conclusions regarding the effect of omega-3 fatty acids
in preventing preterm delivery [5,6]. It is necessary to update the
evidence in view of emerging evidence in this area, particularly for
clinically important outcomes [4].

We undertook a systematic review to evaluate the effect of
omega-3 fatty acids in pregnancy, on early preterm delivery before
34 gestational weeks, any preterm delivery, and other maternal
and neonatal outcomes.

Methods
Literature search

We searched the electronic databases EMBASE, MEDLINE, and
Cochrane from inception till 2014 to find relevant citations.
Reference lists of the primary articles were searched for additional
studies. Our search terms included both key words and text words
that combined the intervention terms related to unsaturated fatty
acid, omega 3 fatty acids, marine oil, fish oil, docosahexaenoic acid
(DHA), eicosapentaenoic acid (EPA) with outcome terms such as
preterm birth, preterm labor and preterm delivery. The searches
were undertaken with input from a clinical librarian.

Study selection

The studies were selected in a two stage process. In the first step,
the electronic citations were reviewed for potential eligible studies.
In the second step, full copies of the identified studies were obtained
for detailed evaluation. We included randomized controlled studies
that assessed the effects of omega-3 fatty acids on early and any
preterm delivery. We excluded studies on women with multiple
pregnancies and those that included women on any other treatment
that could prevent preterm delivery. Two independent reviewers

Total number of citations identified
from electronic databases
n=1386

Full text articles retrieved for detailed
evaluation
n=14
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(SK and MW) undertook study selection. A third reviewer (ST) was
involved when there was any disagreement.

Data extraction

Data were extracted in duplicate by two independent reviewers
using predesigned forms. Any disagreements were resolved by
discussion, and if needed by involving a third reviewer. We
extracted data on study author, year, inclusion and exclusion
criteria, risk status of the population, type, dose, and frequency of
intervention, gestational age at commencement of intervention,
and neonatal outcomes. Dichotomous data were entered in 2 x 2
tables, and continuous data in 2 x 1 tables to evaluate the effect of
omega-3 fatty acids on the relevant outcomes.

Study quality assessment

We assessed the quality of the included studies according to
standard recommendations [7]. We designed a checklist to assess
the risk of bias for each study. These included assessment for
selection bias (methods of randomization, allocation conceal-
ment), performance bias (blinding) and attrition bias (follow up,
missing data). Quality assessment was done by two researchers
and any disagreements were resolved by involving a reviewer.

Statistical analysis

We summarized the results as relative risks and 95% CI for
dichotomous outcomes and mean differences for continuous
outcomes. Heterogeneity was explored with I? statistic. Subgroup
analysis was planned a priori to assess the differential effect of the
intervention based on risk factors, timing and dose of the
intervention. We undertook a sensitivity analysis by excluding
non-spontaneous preterm deliveries. The risk of publication bias
was estimated by Harbord’s modified test for small-study effect

Citations excluded after screening titles and
abstracts
n=1334

Randomised trials included in the

Articles excluded (n=5)

Inappropriate population (n=1)
Inappropriate intervention(n=1)
Inappropriate route for intervention (n=1)
Inappropriate outcome (n=1)

1 due to non-availability of useful outcome
data(n=1)

review (n=9)

e Early preterm delivery
(6 studies; 4193 women)
Any preterm delivery
(9 studies; 5980 women)

Fig. 1. Study identification process in the systematic review of omega-3 fatty acids in the prevention of early and any preterm delivery.
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[8]. All analyzes were done using Revman software (RevMan 5.2,
Cochrane Collaboration, Oxford, UK).

Results

Fig. 1 summarizes the process of study identification and study
selection. From 1386 citations, we identified 14 relevant studies. 5
studies were excluded various reasons.

Characteristics of included studies

Six randomized trials (4193 women) studied the effect of omega-
3 fatty acids on early preterm delivery [5,9-13] and nine (5980
women)on any preterm births [5,9-16]. The interventions included
EHA, DHA or both EHA and DHA. The dose of the omega-3 fatty acids
ranged from 133 mg to 3000 mg per day. The intervention was
commenced at various gestations, with 78% of studies (7/9) starting
before 24 weeks. A third of the studies included low risk women
[5,14,15], a third studied high risk women [11-13] and a third
evaluated the effect of intervention in women of any risk status
[9,10,16]. Women with pre-eclampsia, pregnancy induced hyper-
tension, and abnormal uterine artery Doppler, small for gestational
age baby, unexplained still birth or preterm birth in previous
pregnancies were considered to be at high risk of preterm delivery.

Quality of the included studies

The randomization was adequate in all studies. Six of the nine
studies (67%) had adequate concealment and blinding. The analysis
was by intentions to treat in 78% (7/9) of the included studies.
There was more than 80% follow up in all the studies. More than
80% of studies reporting early preterm delivery as an outcome had
adequate blinding and concealment (5/6), and the analysis was by
intention to treat in 83% of the studies (5/6) (Fig. 2).

Effect of omega-3 fatty acids on preterm birth

Early preterm delivery before 34 weeks of gestation

Omega-3 fatty acids reduced the risk of early preterm delivery
by 58% (RR 0.42,95% C10.27-0.66, p = 0.0002) (Fig. 3). There was no
heterogeneity between the studies (I? = 0%). Sensitivity analysis by
excluding women without spontaneous preterm birth showed that
the beneficial effect of the intervention persisted (RR 0.44, 95% CI
0.25-0.78, p = 0.005) with no significant heterogeneity (I* = 11%).
Subgroup analysis according to the risk status of the individuals
(any risk vs. high risk) revealed no significant difference in the
effect between the groups (p = 0.52) (Table 1).

Any preterm delivery before 37 weeks of gestation

The risk of any preterm birth was significantly reduced by 17%
(RR 0.83,95% C10.70-0.98, p = 0.03) with no heterogeneity (I* = 0%)
(Fig. 3). There was no significant difference in the effect between
the subgroups according to the dose (<400 mg/day vs. >400 mg/
day) (p=0.91) or timing (<24 weeks vs. >24 weeks gestational
age) (p=0.66) of the intervention, or the risk status of the
population (any risk vs. high risk) (p = 0.96) (Table 1).

Effect of omega-3 fatty acids on neonatal outcomes

The gestational age at delivery was reported in six studies
[5,10,12,14-16]. There was a significant increase in the gestational
age at delivery in the intervention group compared to the control
group (MD 2.43 weeks; 95% CI 0.93-3.93 weeks; I°=0.58%;
p=0.002) (Table 2). The beneficial effect on gestational age
continued, after excluding the study on high risk women (MD 1.35
weeks, 95% CI 0.39, 2.31) with no heterogeneity (I* = 0%).

a. Early preterm delivery (<34 weeks)

Attrition 6
Intention to treat 5 1
Blinding 5 1 Adequate
Not adequate
Concealment 5 1
Randomisation 6

0% 20% 40% 60% 80% 100%

b. Any preterm delivery (<37 weeks)

Attrition 9
Intention to treat 7 2
Blinding 6 3 Adequate
Not adequate
Concealment 6 8
Randomisation 9

0% 20% 40% 60% 80% 100%

Fig. 2. Quality of the included studies in the systematic review on omega-3 fatty
acids in the prevention of early and any preterm delivery.

Supplementation with omega-3 fatty acids significantly in-
creased the birth weight of the new born by 122.1 g (95% Cl 47.4-
196.8 g, p = 0.001, I? = 84%) (Table 2). This increase in weight was
observed in all studies with varied precision. Eight studies [5,9-
13,15,16] reported the risks for fetal growth restriction. There was
an 18% reduction in the intervention group (RR 0.82; 95% CI 0.66-
1.03; 2 =41%; p=0.09) compared to the controls.

Admission to the neonatal unit was evaluated in four studies
[5,9,12,16]. There was no significant difference between the
groups in the risk of admission (RR 0.89, 95% 0.75-1.06; I? = 9%;
p =0.2). The risk of neonatal death was reported in five studies
and two studies reported on still birth [5,9,11-15]. There was
an overall reduction in perinatal death by 49% (RR 0.51; 95% CI
0.26-1.01; I> =0%; p =0.05). There were no differences in the
proportion of neonates with an Apgar score less than 7 at 1’ (RR
0.94;95%C10.61-1.43)and 5’ (1.43;95% C10.55-3.72) in the two

Table 1
Subgroup analysis in the meta-analysis of the effects of omega-3 fatty acids on
preterm delivery.

Subgroup No. of No. of RR (95% CI) p value for
studies women interaction
Early preterm delivery
(<34 weeks)
High risk 3 3670 0.36 (0.18-0.71)  0.52
Any risk 3 523 0.50 (0.24-1.06)
Any preterm delivery
(<37 weeks)
High risk 4 814 0.83 (0.61-1.11)  0.96
Any risk 5 5166 0.83 (0.66-1.05)
Dose >400 mg 8 5689 0.83 (0.69-1.00) 0.91
Dose <400 mg 1 291 0.86 (0.44-1.69)
Intervention < 24 w 7 5156 0.84 (0.69-1.03)  0.66
Intervention > 24 w 2 824 0.75 (0.45-1.25)
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a. Early preterm birth (< 34 weeks)
Essential fatty acid Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Blulstraw 1994 3 32 6 31 12.0% 0.48[0.13, 1.77] 1
Carlson 2013 1 154 7 147 4.6% 0.140.02, 1.09]
Makrides 2010 13 1197 27 1202 46.7% 0.48 [0.25, 0.93] i
Mardones 2007 2 493 10 477 8.8% 0.19[0.04, 0.88] "
Olsen 2000a 5 108 16 120 21.4% 0.35[0.13, 0.92] ¥
Onwude 1995 3 113 2 119 6.4% 1.568[0.27, 9.28] "
Total (95% Cl) 2007 2096 100.0% 0.42 [0.27, 0.66] <&
Total events 27 68
! | | |
Heterogeneity: Tau? = 0.00; Chi2 = 4.69, df =5 (P = 0.46); 12 = 0% ! T T !
0.01 0.1 1 10 100
Test for overall effect: Z = 3.76 (P = 0.0002) )
Favours experimental Favours control
b. Any preterm birth (< 37 weeks)
Essentia fatty acid Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Blulstraw 1994 8 32 10 31 4.5% 0.78[0.35, 1.70] T
Carlson 2013 12 154 13 147 5.0% 0.88 [0.42, 1.87] T
Makrides 2010 67 1197 88 1202 29.8% 0.76 [0.56, 1.04] L
Mardones 2007 22 493 32 477 10.1% 0.67 [0.39, 1.13] T
Olsen 1992 9 266 15 267 4.3% 0.60[0.27, 1.35] 1
Olsen 2000b 23 108 40 120 14.4% 0.64 [0.41, 0.99] ®
Onwude 1995 22 113 19 119 9.1% 1.22[0.70, 2.13] ™
Ramakrishnan 2010 45 479 38 484 16.5% 1.20[0.79, 1.81] I
Smuts 2003 14 142 17 149 6.3% 0.86 [0.44, 1.69] -
Total (95% CI) 2984 2996 100.0% 0.83[0.70, 0.98] ‘
Total events 222 272
! | | |
Heterogeneity: Tau? = 0.00; Chi2 = 7.81, df = 8 (P = 0.45); 2= 0% ! T T !
0.01 0.1 1 10 100
Test for overall effect: Z =2.18 (P = 0.03) )
Favours experimental Favours control
Fig. 3. Pooled estimates of the effects of omega-3 fatty acid on preterm birth.
Table 2
Effects of omega-3 fatty acids on neonatal outcomes in the systematic review on omega-3 fatty acids in the prevention of preterm delivery.
Outcome No. of studies No. of women RR MD 95% CI p value P%
Gestational age at delivery 6 3335 243w 0.93-3.93 0.002 58
Birth weight 7 5734 1221¢g 47.37-196.82 0.001 84
Neonatal death 7 6751 0.51 0.26-1.01 0.05 0
Admission to the neonatal unit 4 5129 0.89 0.75-1.06 0.20 9
Small for gestational age 8 5469 0.82 0.66-1.03 0.09 41
Apgar score at 1/ <7 2 1503 0.94 0.61-1.43 0.77 0
Apgar score at 5' <7 2 1506 1.43 0.55-3.72 0.47 0

groups. We found no evidence of small group effects for preterm
birth before 37 weeks (Harbord’s modified test p = 0.872) and for
births before 34 weeks’ gestation (Harbord’s modified test,
p =1.00).

Adverse effects

Individual studies varied in the reporting of side effects. The
most commonly reported side effects were gastrointestinal and
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included belching, heartburn, nausea and vomiting, unpleasant
taste, abdominal pain and diarrhea and constipation. Studies did
not report any significant difference between the groups in
vomiting or nausea [11,12,15]. Belching (29% vs. 8%) and
unpleasant taste (17% vs. 2%) were observed more often in the
intervention group by Olsen et al.

Discussion
Summary

Omega-3 fatty acids are effective in reducing the risk of early
and any preterm delivery. The effect does not differ according to
the risk status of women, dose or timing of intervention.
Supplementation with omega-3 fatty acids prolonged the gesta-
tional age at delivery and the birth weight of the newborns. The
effect of the intervention on neonatal outcomes is less well known.

Strengths and limitations

Our review has systematically assessed the effects of omega-3
fatty acid supplementation on the clinically relevant outcome of
early preterm delivery. Our search was comprehensive without
language restrictions and we assessed the quality of the included
studies. We explored the effects of various factors such as
characteristics of the population and intervention on the effects
of the supplements. We took every effort to meta-analyze studies
that were clinically homogeneous.

The included studies varied in the inclusion criteria, type of
omega-3 fatty acid, dose and timing of administration. There is also
limited information of the compliance with the intervention.
Furthermore, despite contacting the authors, we were unable to
obtain the data for early preterm birth in studies that had reported
preterm birth as an outcome measure. Although the studies had
access to newborn data, this was reported in very few studies.
Given the small number of studies in each subgroup we were
unable to perform meta regression analysis.

Mechanism of action

Omega-3 fatty acids were first evaluated for their potential role
in preventing preterm delivery based on the observation that
women who ingested significant portions of seafood in pregnancy
had longer gestations and larger babies. LCPUFA are present in
abundance in seafood and play a key role in modulation of immune
function and inflammation [17]. LCPUFA increases B-oxidation of
fatty acids in peroxisome and reduce hepatic fatty acid production
[21]. They reduce long term adverse cardiovascular outcomes.

Both maternal and fetal levels of omega-3 fatty acids are
correlated to maternal intake, due to significant trans placental
transportation [18,19]. Increased intake of omega-3 fatty acids
reduces the hepatic synthesis of omega-6 fatty acids which are
precursors of PGE2 and PGF2 alpha [22] that cause myometrial
contractility and cervical ripening. Their beneficial effect could also
be attributed to their influence on the eicosanoids environment in
favor of PGI2, that causes uterine relaxation [20,22].

Current strategies for preventing preterm birth

Existing policies to prevent preterm birth focus on identifica-
tion of women at risk of preterm delivery. This includes
symptomatic women, previous history of preterm delivery and
women with shortened cervix measured by ultrasound. Interven-
tions such as progesterone and cervical cerclage have been shown
to be beneficial in preventing any and early preterm delivery [23].
Although these interventions are beneficial and may also be cost

effective, they rely on the stratification of women by risk status
prior to commencing the intervention. The above strategies have
two limitations. Firstly, half of women who suffer early preterm
delivery do not have any risk factors, and hence may not receive
the intervention [24]. Secondly, a risk assessment technique such
as cervical length measurement has restrictions such as access to
ultrasound and training, operator skill and inter and intra observer
variability. These problems are increased manifold in a low income
country setting.

Existing evidence on omega-3 fatty acids and preterm births

Since the publication of the first review on marine oil and
preterm delivery by Cochrane in 2006, large randomized studies
have added relevant data to the evidence base. Subsequent reviews
that included either only low risk or high risk women, consistently
demonstrated an increase in gestational age with intervention
[25,26]. However, they did not identify a beneficial effect on
preterm delivery before 37 weeks and were unable to provide
conclusions on early preterm delivery due to the small number of
studies. Our meta-analysis is the largest to-date in this area and
has collated data from over 4000 women that have been published
since the previous reviews. Based on emerging evidence, omega-3
fatty acids have shown a beneficial role in preventing preterm
births, especially less than 34 weeks of gestation.

Recommendations for clinical practice

The daily intake of omega-3 fatty acids in pregnancy is often
less than 300 mg/day as recommended by the World Health
Organisation. Western diets have intakes as low as 15 mg/day.
Dietary advice to pregnant women will need to incorporate advice
toincrease the intake of food rich in omega-3 fatty acid such as oily
fish at least twice a week. The beneficial effect was observed for
early preterm delivery in unselected population with no signifi-
cant side effects. Hence there is a role for omega-3 supplements in
pregnancy, and pregnant women and clinicians will be able to
make informed decisions regarding the intake of supplements. It
is possible that the supplements could increase the risk of
postdates pregnancy as seen in the study by Makrides et al.
Furthermore, women need to be informed that the optimal type
and dose of omega-3 fatty acids, and the duration and
commencement of the supplement that provides the maximal
benefit is not known.

Recommendations for future research

Current evidence is focussed more on preterm delivery as an
event and less on other clinically important neonatal and long
term outcomes. Long term follow up of newborns who have been
recruited into the trials will provide information on the effects of
the intervention on neurodevelopment of the child. ORIS is a
large randomized trial that aims to assess the effects of omega-3
fatty acid on early preterm delivery. An Individual Patient Data
meta-analysis of current trials can identify the differential
effects of the intervention based on the dose and duration of the
intervention.
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Appendix A. Characteristics of included studies in the systematic review of omega-3 fatty acids in the prevention of early and any preterm delivery

Study Year  Population Quality of studies Intervention Outcome
No of women Inclusion criteria Exclusion criteria Randomization Concealment Blinding ITT Attrition Supplement Commenced Duration Frequency
Ramakrishnan 2010 1094 18-35y, 18-22/40, High-risk A A A A A DHA 18-22 wks Up to oD <37 wks
plan to deliver in pregnancy (h/o delivery Any live
specified hospital, complications inc birth before
breastfeed >3/12, live  abruption, PET/PIH, 37 wks
in area >2y post-del serious bleeding in GA. BW.
current pregnancy,
physician ref), lipid
metabolism/
absorption
disorders, regular
fish oil/DHA,
chronic meds e.g.
epilepsy
Olsen 1992 533 30/40 midwife appt h/o abruption, A NA NA A A EPA+DHA 30 wks Up to oD <37 wks
serious bleeding in delivery Any live birth
current preg, before 37 wks
regular use of PG GA. BW.
inhibitors, multiple
preg, fish allergy,
regular fish oil
Olsen 2000 228 Previous preterm Twins, DM, severe A A A NA A EPA + DHA 16 wks Up to oD Delivery
delivery, no h/o IUGR, fetal delivery <37 wks
PIH malformations, & <34 wks
placental GA. BW.
abruption, drugs, NICU.
alcohol, NSAID.
Allergy to fish,
regular intake of
fish
Smuts 2003 347 16-36 yrs, 24-28 wks <16 or >36 yrs, A NA NA NA A DHA 24-28 wks Up to oD Delivery
pregnancy, singleton, weight >2401b, delivery < 37 wks
planned to deliver at serious illness GA. BW. NICU.
Truman Medical (cancer, lupus,
Centre hepatitis, infectious
disease), DM, GDM,
chronic
hypertension
Mardones 2007 970 >18 yrs, Para 0-5, up ~ Multiple A NA NA A A Omega 3 20 wks up to oD Delivery
to 20 wks, no drugs/ pregnancies, fatty acid 36 wks < 34 wks
alcohol abuse, BMI chronic disease & <37 wks.
<21.2 that can affect fetal GA. BW
growth, smokers.
Makrides 2010 2399 Singleton, <21 wks, Prenatal A A A A A DHA + EPA 20 wks Up to oD Delivery
supplements with delivery <34 wks
DHA, major fetal & <37 wks.
anomaly, bleeding BW

disorders, on
anticoagulants,
drug or alcohol
abuse, another
fatty acid trial,
English was not
main language
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& <37 wks.

NND
& <37 wks.

Outcome
Delivery
<34 wks
Delivery
<32 wks
NND

Frequency

TDS
BD-QDS

?? up to
delivery
Up to
38 wks

Commenced Duration

12-14 wks
19-26 wks

Intervention
Supplement

EPA
EPA + DHA

Blinding ITT Attrition

Concealment

Quality of studies
Randomization

A
A

Exclusion criteria
Diabetes, SLE, other
connective tissue
disease, already on
aspirin for other
obstetric reason.
Diabetes, chronic
hypertension, on
anticoagulation,

h/o one or more babies
<3rd centile, PIH/PET,

h/o IUGR with or
previous pregnancy
unexplained still birth,
primi with

Inclusion criteria
without PIH in

63
232

Population
No of women

Year
1994
1995

Study
Bulstraw
Onwude

Appendix A (Continued)
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EPA - eicosapentaenoic acid, DHA - docosahexaenoic acid, IUGR - intrauterine growth restriction, PIH - pregnancy induced hypertension, quality of studies: ITT - intention to treat, A - adequate, NA - not adequate.

Outcomes: PTD - preterm delivery; GA - gestational age; BW - birth weight; NND - neonatal death; NICU - neonatal intensive care unit.
Population: Primi - primigravida; PG - prostaglandin; GDM - gestational diabetes mellitus; DM - diabetes mellitus; HIV — human immune deficiency virus; AIDS - acquired immune deficiency syndrome.
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