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Abstract
Objective: The impact of supplementation with omega-3 fatty acid during gestational period on lipid profile levels remains
unknown. The objective of this trial was to investigate the impact of supplementation with fish oil on maternal lipid profile.
Materials and Methods: This research was a randomized triple blinded controlled trial. The study population was comprised
healthy pregnant subjects who had family records at health care centers in Tabriz, Iran. A total of 150 women who were
eligible for study were randomized into two groups, one group took fish oil supplement capsules (1000 mg/day), and
another group took placebo. A total of 92 women fulfilled the study which 45 participants were in the supplemented group
and 47 participants were in the placebo group. Consumption of fish oil capsules and placebo was daily one capsule from
the beginning of the 21th week of gestation until delivery which was about 20 weeks. At the start of trial (16th-20th weeks)
and in the fifth care of gestation (during 35th-37th weeks) 3 cc blood samples collected and sent to the laboratory for
evaluation of lipid profile levels.
Results: Despite substantial increases in total cholesterol, triglycerides and Low-density lipoprotein (LDL) levels with
advancing pregnancy, there was no statistically significant discrepancy between the intervention and placebo groups.
(P = 0.345, 0.299, 0.109, respectively). Despite a significant decrease in the levels of high-density lipoprotein (HDL)
cholesterol with advancing pregnancy, there was no statistically meaningful difference between two groups (P = 0.786)
Conclusion: We found no effect of supplementation with fish oil during gestation on plasma lipid profile of pregnant
mothers.
Keywords: Fish oil supplementation, EPA, DHA, Placebo, Pregnancy, Lipid profiles

Introduction
Although obstetric care has been improved, pregnancy
complications and perinatal morbidity are still present
in western societies (1). Therefore, it is of clinical and
economic importance to prevent adverse pregnancy outcomes by exploring causal factors for these outcomes. One
of the causal factors for perinatal morbidity and mortality could be the maternal lipid profile in early pregnancy
(2-5).
Changes in lipid metabolism during gestation focus on
preparation for parturition and lactation. During the first
two-thirds of pregnancy, when the energy demands of
fetus are limited, fat stores of mothers increase (6). This
increased lipid storage is necessary as an energy store to
fulfill maternal and fetal metabolic needs (7). It is the result of hyperphagia and enhanced synthesis of lipid and
also increased activity of adipose tissue lipoprotein lipase
(LPL) (8,9).
In late pregnancy, as the nutritional demands of fetus increase, maternal fat storage reduces and metabolism of
maternal lipid shifts to a catabolic condition (8). These

changes cause increment in the plasma levels of non-esterified fatty acids (NEFA), glycerol and triglyceride during
the third trimester of pregnancy (10,11).
Pregnant women indicate an increment in lipid levels, consisting of total cholesterol (TC) and levels of triglycerides (TG) as the age of normal gestation progresses
(2-5). TC and TG both are taken up through the placenta
and are metabolized and transported to the fetal circulation in different forms (6,12), this indicates that both
lipids are necessary for the fetal development. However,
preterm birth (PTB) can be accompanied by high levels of
TG and/or TC (13-16), pregnancy-induced hypertension
(PIH) (17,18), preeclampsia (18-23), and LGA in mothers
(24-26).
The LDL level also increases dramatically as pregnancy
progresses and plasma triglyceride increase, referring to
change in a more atherogenic lipid profile (27).
The long-term outcomes of these changes have not been
explored for coronary heart disease. There is, however, an enhanced occurrence of diabetes, obesity, angina,
and cholesterol gallstones in post menopausal women
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who have had several pregnancies (28). Cardiovascular
morbidity and mortality both in patient with established
coronary artery disease (CHD) and those with the risk of
developing CHD decreases by effective controlling of the
blood lipid level (29).
Omega-3 fatty acids (FAs) are a family of polyunsaturated fatty acids (PUFAs). Humans do not have the required
metabolic pathways to synthesize the precursor FA (α-linolenic acid), which is necessary for the production of the
longer bioactive omega-3 FAs. Therefore, these long chain
PUFAs should be intake either from plant foods or by direct intake of DHA and EPA from industrial products or
sea foods (30).
Some of the randomized trials in humans suggest that
n-3 long chain PUFA (LCPUFA) supplementation during
gestational period have modest useful effects on neurodevelopmental outcomes of offspring in comparison with
controls (31-33).
Supplementation with n-3 LCPUFAs has also been suggested as a potential strategy to prevent preeclampsia (34).
A number of epidemiological studies previously have indicated that high consumption of fish supplements rich in
DHA are accompanied with longer pregnancy and higher
birth weight (35,36).
There is enhancing evidence that n-3 FAs display anti-inflammatory, anti-thrombotic, anti-arrhythmic and antiatherogenic effects (37,38). Also, populations who have
high consumption of n-3 PUFAs (like the Eskimos) have
low rates of heart disease (39,40). Since, a few human
studies have been done to assess the impact of supplementation with fish oil on serum lipid profiles of women during pregnancy, the impact of this supplementation
during gestational period, a hyperlipidemic state, on levels of lipid profile remains unknown. This trial was aimed
to determine the impact of supplementation with fish oil
during the second half of gestation on lipid profiles of
pregnant women.
Materials and Methods
Subject Recruitment and Study Design
This research was a randomized triple blinded controlled
trial. The study population consisted of 18-35 years old
pregnant women with first to fifth parity that had family records at health centers in Tabriz, Iran. After receiving permission letter from the Ethics Committee of
Research vice-chancellor of Tabriz University of Medical Sciences (No. 92141) and registration in the Iranian
registry of clinical trials website (http://www.irct.ir/)
(IRCT2013100914957N1), we selected the health centers
which had the highest number of patients.
We also tried to select health centers with different socioeconomic situations. We prepared a list of all women in
the gestational age of 16-20 weeks from the centers and
invited them with phone calls to take part in the trial after
introducing the study objectives. We also explained risks
and benefits of participating in the study and recalled the
voluntariness of participation. Questionnaire number one
for evaluation of the inclusion and exclusion criteria was

given to people who liked to participate in the study. Inclusion criteria was consisted of willingness to participate
in the study, age of 18-35 years, first to fifth pregnancy,
pregnant women with 16-20 weeks of gestation, single
pregnancy, body mass index (BMI) less than 30, healthy
pregnant women with no previous underlying medical
condition, including heart disease, kidney disease, gastrointestinal disease, respiratory disease, auto-immune
disorders, diabetes, impaired glucose tolerance testing
in the current pregnancy, thyroid disorder, epilepsy, hypertension, psychiatric disorders, hyperlipidemia and not
to use any drugs because of the above conditions. Also,
Exclusion criteria was vaginal bleeding, placenta previa,
placenta detachment in current pregnancy, infertility and
premature labor history, any allergy to fish, fish products
or gelatin, smoking, bleeding disorders or taking anticoagulants, participating in another study. If the women
were eligible for the study the second questionnaire was
given to collect demographic characteristics and complete
their pregnancy events.
Also, the third questionnaire contained a tutorial on how
to use capsules; daily record of taking capsules and possible events was given to pregnant women. A total of 150
participants were selected from which 75 women were in
the intervention group and 75 women were in the placebo
group.
Pregnant women were divided randomly into two groups
by use of a table of random computer numbers, in the fish
oil supplements capsules receiving group and the placebo
receiving group with the ratio of 1: 1. From this population 92 pregnant woman completed the study which 45
were in the fish oil receiving group and 47 was in the control group.
Drug Delivery and Dietary Intake Assessment
Pregnant women were randomly allocated into two
groups. One experimental group received fish oil supplement capsules (1000 mg consisted of 120 mg DHA and 180
mg EPA), another experimental group received placebo
(1000 mg food grade liquid paraffin with the same shape,
size and weight with other capsules). Fish oil capsules and
placebo capsules produced by the pharmaceutical company of Zahravi in Tabriz, Iran. Consumption of fish oil and
placebo capsules was one capsule from the beginning of
the 21th week of gestation until delivery which was about
20 weeks (140 capsules). The capsules were placed inside the opaque and same shaped packets, so that there
were two packets for each participant contained medication, one contained 1000 mg, 70 soft capsules to take
in 10 weeks, another contained 1000 mg 70 soft capsules
to consume in remaining 10 weeks. The two packs were
put inside a larger opaque pack. This 150 larger same
shaped packs numbered consecutively. Putting the fish oil
capsules or placebo capsules into a packet was done by a
non-researcher person on the basis of random sequence
and thus allocation concealment was considered.
The first pack was delivered in the second prenatal care
and the second packet was delivered in the third mater-
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nal care after ensuring the continuation of the pregnancy
and usage of earlier drugs and receiving daily drug usage
check list. We stressed repeatedly on using drugs regularly
and not to forget using them. To make sure of getting the
medication, in 24th and 34th weeks of pregnancy, drug
usage was followed by phone calls.
Samples and Measurements
Sampling was stratified with the order of the parity (first,
second or more pregnancy). At the start of the study
(weeks of 16-20) and in the fifth care of gestation (between
weeks of 35-37) we collected 3 cc blood samples and sent
them to the laboratory for evaluation of lipid profiles level.
The subjects were entered to the research from February
to November 2014 and followed-up till April 2015.
All 150 women had blood samples at baseline, but 12 subjects in the fish oil supplemented group and 11 in the control group had no blood samples at weeks of 35-37. So, 45
subjects in the fish oil and 47 ones in the control group
were entered in the final analysis (Figure 1).
Statistical Analysis
All data analyzed by IBM SPSS software. Kolmogorov-Smirnov test were used to check data normality. In case
of normal distribution data was offered as mean ± SD or
frequency (percentage) and in case of non-normality, data

was presented as median and interquartile ranges. For
analysis of demographic data, chi-square tests and Fisher
exact test were used for comparing qualitative variables
and independent t test used for comparing quantitative
variables with normal distribution between two groups.
For analysis of variables, comparisons inside each group
between baseline and after intervention were done by pair
sample t test. For analysis of variables, in the case of normal distribution, comparisons between groups was done
by Independent t test and in the case of non-normal distribution, Mann-Whitney test was used.
Also we used general linear model for lipid profile levels
after intervention to investigate whether there are meaningful differences between the study groups by considering the baseline value of variable, age, parity and health
centers as covariate.
Results
No differences were observed in terms of age, gravid and
pre-pregnancy BMI between the groups. Also education,
occupation, family income and type of delivery were
alike in the study groups (Table 1). With the progression
of pregnancy a significant enhancement in TC, TG and
LDL and a significant decrement in the serum level of
high-density lipoprotein (HDL) was seen in both groups
(Table 2)

Assessed for eligibility (n=652)

Enrollment

Excluded (n=502)
 Not meeting inclusion criteria (n=192)
 Declined to participate (n=310)

Randomized (n=150)

Allocation
Allocated to fish oil (n=75)
 Received allocated intervention (n=75)

Allocated to placebo (n=75)
 Received allocated intervention (n=75)

Follow-Up
Lost to follow-up (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=1)
 severe nausea (n=1)

Discontinued intervention (n=0)
Not having blood samples at 35-37wks (n=16)

Not interested in sampling (n=12)
 Preterm labor (n=2)

Not having blood samples at 35-37wks (n=14)
 Not interested in sampling (n=11)
 Preterm labor (n=2)


Analysis
Analysed (n=45)

Analysed (n=47)

1. Summary
of Patient
Flow Diagram.
FigFigure
1. Summary
of patient
flow diagram.
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Table 1. Baseline Characteristics of Participants Received Fish Oil
Supplements or Placeboa
Fish Oil
(n=45)
25.6 (4.7)

Placebo
(n=47)
27.3 (4.2)

Primary school (1-5)

10 (22.2)

11 (23.4)

Secondary school (6-8)

14 (31.1)

9 (19.1)

High school (9-12)

17 (37.7)

24 (51.1)

4 (8.9)

3 (6.4)

44 (97.8)

47 (100)

General Characteristics
Age (years), mean (SD)
Education (years)

University (>12)

P
0.07b

0.62c

Occupation
Housewife

0.49d

Family income
Adequate

8 (17.8)

8 (17.0)

Relatively adequate

28 (62.2)

30 (63.8)

9 (20)

9 (19.1)

58.8 (9.0)

58.6 (10.8)

Non adequate
Pre-pregnancy weight (kg),
Mean (SD)
BMI (kg/m2)
<18.5
18.5-24.9

3 (6.7)

4 (8.5)

26 (57.8)

29 (61.7)

25-29.9

16 (35.6)

14 (29.8)

Mean (SD)

23.1 (3.6)

23.3 (3.8)

1

24 (53.3)

21 (44.7)

2

16 (35.6)

19 (40.4)

0.98c
0.92b

0.82c
0.81b

No. of pregnancy

3-4

5 (11.1)

7 (14.9)

Wanted pregnancy

37 (82.2)

41 (87.2)

0.85c
0.77d

Mode of delivery
Vaginal delivery
27 (60.0)
31 (66.0)
0.67d
Cesarean section
18 (40.0)
16 (34.0)
Abbreviation: SD, standard deviation.
a
All numbers are given as number (percent) except those specified as
mean (SD).
a
Independent t test
b
Chi-square
c
Fisher exact test.

Effect of Supplementation With Fish Oil on Maternal Serum Lipids
Triglyceride levels were not statistically diverse between
study groups before supplementation at entry and there
was no significant effect of fish oil given during 20 weeks
of pregnancy compared with placebo (P = 0.299, Table 3).
The serum levels of TC were alike in study groups before
supplementation at 16-20 weeks of pregnancy and did not
differ between groups after supplementation (P = 0.345,
Table 3).

HDL levels were alike between study groups at weeks of
16-20, and there was no significant effect of fish oil supplementation compare to the placebo group on serum
HDL levels (P = 0.786, Table 3).
LDL levels was alike between study groups at baseline and
was not altered by fish oil during supplementation period
(P = 0.109, Table 3).
Discussion
According to the results of this trial the plasma lipid profile of pregnant subjects in the fish oil supplement receiving group had no significant difference compared with the
control group. Although a few human studies have been
done in this regard, but the results of these studies are
compatible with our findings in this study.
Matorras et al studied 162 mother-neonate pairs to determine the relationship between n-3-long chain polyunsaturated fatty acids (n-3 LCPUFAs) intake in pregnancy and
their maternal and neonatal serum levels, and the general
lipid pattern in the mother and the neonate serum. They
concluded that in the dietetic range of their population,
the intake of (n-3 LCPUFAs) was not associated to any
changes in the general lipid pattern of mothers or neonates serum, whereas the (n-3 LCPUFAs) levels in mothers serum were correlated with the changes in the general
lipid pattern outside the pregnancy. They believed that
the hyper-triglyceridemia of pregnancy, the placenta and
the peculiarities of fetal metabolism are the causes of the
aforementioned findings (41).
In the research by Barden et al, 83 pregnant women with
allergic disease who were otherwise healthy participated
and allocated to receive fish oil supplement or olive oil
capsules as 4 g/day, from week 20 of gestation to delivery concluded that fish oil supplements comparing olive
oil capsules did not change TGs, TC, LDL-C or HDL-C
during gestation or afterward. No impact of supplementation with fish oil was observed on cord blood TGs, LDL
HDL or TC (42).
Camilla et al, evaluated the impacts of supplementation
with fish oil on the lipid profile and blood pressure in
infants. Healthy and full-term infants aged 9-month old
randomly were divided into 5 mL daily fish oil or no intervention for 3 months. Fish oil supplemented group had
higher plasma TC and higher LDL cholesterol compared

Table 2. Effect of Progress of Pregnancy on Lipid Profile in Participants Received Fish Oil Supplements or Placebo
General Characteristics
Fish Oil
TC1-TC2
TG1-TG2
HDL1-HDL2
LDL1-LDL2
Placebo
TC1-TC2
TG1-TG2
HDL1-HDL2
LDL1-LDL2
a
b

Mean Difference (95% CI)

R

P

45
45
45
45

26.82(11.44 to 42.19)
69.49(49.48 to 89.49)
-9.93(-13.06 to -6.80 )
36.83(21.49 to 52.17)

0.571b
0.401b
0.342b
0.462b

0.001a
<0.001a
<0.001a
<0.001a

47
47
47
47

15.36(1.48 to 29.24 )
54.63(36.51 to 72.63)
-10.89(-14.45 to -7.33 )
23.10(11.81 to 34.39)

0.542b
0.557b
0.178b
0.368b

0.031a
<0.001a
<0.001a
<0.001a

Number

Paired t-test.
Pearson correlation.
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Table 3. Comparison of Lipid Profile in Participants Received Fish Oil Supplements With Control Groupa
Variables Before Intervention
TC1
TG1
HDL1
LDL1
Variables after intervention
TC2
TG2
HDL2
LDL2

Fish oil (n=45)

Placebo (n=47)

MD (95% CI)

P

170.11 (42.3)
129.00 (44.6)
38.86 (9.0)
96.51 (28.1)

172.65 (40.6)
126.15 (36.9)
41.27 (8.2)
96.72 (25.3)

-2.55 (-19.75 to 14.65)
2.85 (-14.16 to 19.86)
-2.41 (-6.00 to 1.18)
-.21 (-11.30 to 10.87)

0.769b
0.740b
0.186b
0.970b

196.93 (61.7)
198.48 (70.4)
28.93 (9.0)
133.34 (57.5)

188.02 (54.7)
180.78 (73.6)
30.38 (10.4)
119.82 (39.7)

10.3 (-11.26 to 31.87)
14.61 (-13.21 to 42.42)
-0.587 (-4.88 to 3.71)
16.03 (-3.67 to 35.73)

0.345c
0.299c
0.786c
0.109c

Abbreviations: MD: mean difference, SD: standard deviation.
a
Numbers are given as mean (SD).
b
Independent t test.
c
Univariate general linear model adjusted for baseline variable level, age, parity and center.

other group (43).
Helland et al assessed the impact of supplementation of
pregnant and breastfeeding women with marine n-3 PUFAs comparing n-6 PUFAs in relation to mothers and infant lipid levels. 341 women were received either 10 mL
n-6 PUFAs (corn oil) or n-3 PUFAs (cod liver oil) daily
until 3 months after childbirth. In conclusion, the increment of maternal plasma TG during gestation was less
prominent in cod liver oil supplemented subjects comparing corn oil group. Serum HDL level was unaltered during
gestation in the cod liver oil group, in contrast it was reduced in the corn oil taking women (44).
The difference between these findings with the results of
our study may be correlated to differences in the placebo and type of the fish supplements (fish oil supplements
capsule comparing cod liver oil). Our study is opposite
with trials in the non-pregnant women, whereas the same
doses of fish oil have continuously lead to a significant
decrease in normolipidemic and hyper-lipidemic participants (45-48). In the research of Barbosa et al, fish oil
attenuated the increment of plasma non-high density lipoprotein, TC, and cholesterol concentrations triacylglycerol resulted from dexamethasone therapy in rats (49).
Although n−3 fatty acids have great impacts on levels of
TG in the non-gestational state, in gestational period the
effect of nutritional intervention of n−3 fatty acids is neutralized by the physiological factors that keep the circulating TGs in high levels.
Skulas-Ray et al in a study aimed to evaluate the impacts
of a nutritional dose of EPA+DHA (0.85 g/d) in comparison with the effects of a pharmaceutical dose (3.4 g/d) on
serum level of TG, in healthy subjects with moderate increment of TG concluded that the pharmaceutical dose of
EPA+DHA decreased TG by 27% in comparison to control (mean ± SEM: 173 ± 17.5 versus 237 ± 17.5 mg/dL; P
= 0.002), in contrast no impact of the nutritional dose was
displayed on lipids. Also, no impacts on cholesterol (TC,
LDL, and HDL), was seen (50).
Study Limitations
One of the main administrative problems was the possibility of irregular use or not to use the capsules by women,
104

so in the beginning of the study, we talked with mothers
about the importance of the study and accuracy of the information. Also, daily drug check list were given to them.
Drugs were delivered on two steps after receiving previous
medication envelope. Also, by phone calls we recalled and
emphasized the use of medication.
The frequency of consume foods containing DHA and
EPA problems was other administrative problem. First,
people who consumed fish 2 times a week or less were
enrolled in the study. Meanwhile, randomly dividing of
mothers in two groups widely modified this problem. Also
in questionnaire the intake of fish and tuna fish per week
was asked in order to if there was a difference between
the two groups, be controlled as a possible confounding
factor. It is recommended that further studies with larger
sample sizes and pharmaceutical doses of fish oil be conducted.
Conclusion
We observed no effect of supplementation with fish oil
during gestation on lipid profile of maternal plasma.
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