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ABSTRACT
Background: Oily fish provides marine n23 (omega-3) fatty acids
that are considered to be important in the growth, development, and
health of the fetus and newborn infant.
Objectives: The objectives were to increase salmon consumption
among pregnant women and to determine the effect on maternal and
umbilical cord plasma marine n23 fatty acid content.
Design: Women (n = 123) with low habitual consumption of oily
fish were randomly assigned to continue their habitual diet or were
provided with 2 portions of farmed salmon/wk to include in their
diet from week 20 of pregnancy until delivery.
Results: Median weekly consumption frequency of study salmon in
the salmon group was 1.94 portions, and total fish consumption
frequency was 2.11 portions/wk in the salmon group and 0.47 por-
tions/wk in the control group (P , 0.001). Intakes of eicosapentae-
noic acid (EPA) and docosahexaenoic acid (DHA) from the diet,
from seafood, and from oily fish were higher in the salmon group
(all P , 0.001). Percentages of EPA and DHA in plasma phospha-
tidylcholine decreased during pregnancy in the control group (P for
trend = 0.029 and 0.008, respectively), whereas they increased in
the salmon group (P for trend for both , 0.001). EPA and DHA
percentages were higher in maternal plasma phosphatidylcholine at
weeks 34 and 38 of pregnancy and in umbilical cord plasma phos-
phatidylcholine in the salmon group (P , 0.001 for all).
Conclusion: If pregnant women, who do not regularly eat oily fish,
eat 2 portions of salmon/wk, they will increase their intake of EPA
and DHA, achieving the recommended minimum intake; and they
will increase their and their fetus’ status of EPA and DHA. This trial
was registered at clinicaltrials.gov as NCT00801502. Am J Clin
Nutr 2011;94(suppl):1986S–92S.

INTRODUCTION

Seafoods, especially oily fish, are rich sources of the longer-
chain n23 polyunsaturated fatty acids (LC n23 PUFAs) eicosa-
pentaenoic acid (EPA, 20:5n23) and docosahexaenoic acid
(DHA, 22:6n23). Examples of oily fish are salmon, sardines,
pilchards, mackerel, herring, trout, and fresh tuna. The average
content of EPAplusDHA in an adult portion of oily fish is between
1 and 3.5 g, depending mainly on the type of fish (1, 2).

The UK government recommends that all adults consume �2
portions of fish/wk, at least one of which should be oily (2); this

has been translated into a minimum recommended intake of
450 mg EPA plus DHA/d for adults (2). The guideline range for
oily fish intake among pregnant women in the United Kingdom is
1 or 2 portions/wk, with the upper limit being imposed because of
concern about contaminants in some species of fish (2). Others
have recommended an intake of 200 mg DHA/d for pregnant and
lactating women (3). The European Food Safety Authority re-
cently recommended 250 mg EPA plus DHA/d for healthy adults,
with an additional 100–200 mg DHA/d for pregnant women (4).
The Food and Agriculture Organization/World Health Organiza-
tion (FAO/WHO) recommends that pregnant women consume

1 From the Institute of Human Nutrition and Developmental Origins of

Health and Disease Division, School of Medicine, University of Southamp-

ton, Southampton, United Kingdom (EAM, PSN, L-SK, MV, NDD, SMR,

HMI, KMG, and PCC); the Skretting Aquaculture Research Centre, Sta-

vanger, Norway (GR); the Hugh Sinclair Unit of Human Nutrition, Depart-

ment of Food and Nutritional Sciences, The University of Reading, Reading,

United Kingdom (HU and PY); EA 4233, Laboratory of Biochemistry, Mo-

lecular Biology, and Nutrition, University of Auvergne, Clermont-Ferrand,

France (AR, M-CF, and M-PV); the National Institute of Nutrition and

Seafood Research, Bergen, Norway (BL and LF); Oxidative Stress and In-

flammation, Department of Public Health and Caring Sciences, Faculty of

Medicine, University of Uppsala, and the Center of Excellence-Inflamma-

tion, Uppsala University Hospital, Uppsala, Sweden (JH and SB); the In-

stitute of Nutrition and Food Technology, Centre for Biomedical Research,

University of Granada, Granada, Spain (EG, JO, MDM, CMA, and AG); the

Southampton Medical Research Council Lifecourse Epidemiology Unit,

University of Southampton, Southampton, United Kingdom (SMR, HMI,

and KMG); and the Southampton NIHR Nutrition, Diet & Lifestyle Bio-

medical Research Unit, Southampton University Hospitals NHS Trust,

Southampton, United Kingdom (KMG and PCC).
2 Presented at the conference “The Power of Programming: Developmen-

tal Origins of Health and Disease,” held in Munich, Germany, 6–8 May

2010.
3 Supported by the European Commission under Framework 6: Sustain-

able aquafeeds to maximize the health benefits of farmed fish for consumers

(Aquamax; FOOD-CT-2006-16249).
4 Address correspondence to PC Calder, Institute of Human Nutrition and

Developmental Origins of Health and Disease Division, School of Medicine,

University of Southampton, Institute of Developmental Sciences Building,

MP887 Southampton General Hospital, Tremona Road, Southampton SO16

6YD, United Kingdom. E-mail: pcc@soton.ac.uk.

First published online August 17, 2011; doi: 10.3945/ajcn.110.001636.

1986S Am J Clin Nutr 2011;94(suppl):1986S–92S. Printed in USA. � 2011 American Society for Nutrition

 at F
IS

K
E

R
D

IR
K

T
O

R
A

T
E

T
 B

IB
LIO

T
E

K
E

T
 on S

eptem
ber 4, 2013

ajcn.nutrition.org
D

ow
nloaded from

 

http://ajcn.nutrition.org/


a minimum of 300 mg EPA plus DHA/d, of which �200 mg
should be DHA (5).

The UK National Diet and Nutrition Survey reports low con-
sumption of oily fish by adults (6), including women (7), and
a correspondingly low intake of LC n23 PUFAs (2). It is recog-
nized that provision of DHA to the fetus and neonate is important
for growth and development, especially of the visual and central
nervous systems (1, 2, 8). EPAandDHAmay also be important for
optimal development and functioning of the vascular, cardiac, and
immune systems (9–12). Thus, a higher consumption of fish, es-
pecially oily fish, in pregnancy may be linked to better health
outcomes in the offspring in infancy and childhood; and the pro-
tective effect of oily fish is linked to the nutrients that it contains,
particularly LC n23 PUFAs (2). Possible protective effects of
early LC n23 PUFA exposure have been examined in supple-
mentation studieswith fish oil (13–15). However, to the best of our
knowledge there are no published intervention trials with fish
during pregnancy.

The Salmon in Pregnancy Study (SiPS) is a randomized con-
trolled trial of oily fish (in this case farmed salmon) in pregnant
women. The SiPS specifically focuses on pregnant women whose
offspringareat high riskofdevelopingatopicdisease,withoneaim
being to identifywhether there is aneffect onatopyoutcomes in the
offspring. The aim of this article is to describe the design of the
SiPS, thecharacteristicsof the includedwomen, thecompositionof
the salmon used in the intervention, the outcomes that will be
reported from the study, the intake offish and the status of EPAand
DHAinmaternalplasmaandinumbilicalcordplasma,andselected
pregnancy outcomes in the 2 groups.

STUDY DESIGN AND METHODS USED

Study design and characteristics of the included subjects

The SiPS is a single-blind, randomized controlled trial of in-
creased consumption of farmed salmon by pregnant women from
week20ofgestationuntil theendoftheirpregnancy.Allprocedures
were approved by the Southampton and South West Hampshire
Research Ethics Committee (approval no. 07/Q1704/43). The
studywas conducted according to the principles of theDeclaration
of Helsinki, and all women gave written informed consent. The
SiPS is registered at www.clinicaltrials.gov (clinical trials iden-
tifier NCT00801502).

A randomly selected sample of pregnant women (n = 689)
within the catchment area of the Princess Anne Hospital,
Southampton University Hospitals NHS Trust, Southampton,
United Kingdom, received general information about the SiPS
when they received their postal invitations to attend the hospital
for a routine ultrasound appointment to occur at approximately
week 12 of gestation. Women who expressed an interest in the
SiPS (n = 383) provided written informed consent at their week
12 appointment to enable screening for habitual consumption of
fish and family history of atopy, allergy, or asthma (the primary
outcome of the SiPS relates to atopy and its manifestations in
infants born to women enrolled in the SiPS). Those women who
reported low habitual consumption of oily fish (,2 portions/mo
excluding canned tuna) and a family history of atopy, allergy, or
asthma (one or more first-degree relatives of the infant affected
by atopy, asthma, or allergy) received a detailed information
sheet about the SiPS. Those who remained interested (n = 156)

were further screened for inclusion into the SiPS. Inclusion
criteria were as follows: age 18–40 y; ,19 wk gestation;
healthy, uncomplicated singleton pregnancy; infant at risk of
atopy (one or more first-degree relatives of the baby affected by
atopy, asthma, or allergy by self-report); consuming,2 portions
of oily fish/mo (excluding canned tuna); not using fish-oil sup-
plements currently or in the previous 3 mo. Exclusion criteria
were as follows: age ,18 or .40 y; .19 wk gestation; no first-
degree relatives of the infant affected by atopy, asthma, or al-
lergy; consuming .2 portions of oily fish/mo (excluding canned
tuna); use of fish-oil supplements within previous 3 mo; par-
ticipation in another research study; known diabetic; or presence
of any autoimmune disease, learning disability, terminal illness,
or mental health problems. Women fulfilling the inclusion and
exclusion criteria were recruited into the SiPS at their routine
ultrasound clinic at week 19/20 (hereafter referred to as week
20) of gestation if they remained interested in the study. Women
attended this clinic in a fasted state and provided written in-
formed consent to enable their participation in SiPS. Ultimately,
123 women were recruited (Figure 1). At the clinic, women
provided a blood sample (added to heparin) and a urine sample
and completed a 100-item food-frequency questionnaire (FFQ)
covering food intake over the preceding 12 wk (16–20).

The recruited women were randomly assigned to 1 of 2 groups;
random assignment was according to a random number table.
Women in one group (n = 61), referred to as the control group,
were asked to continue their habitual diets; these women re-
ceived the information sheet that described the possible health
benefits of consuming oily fish during pregnancy and the gov-
ernment recommendation that pregnant women consume 1 or 2
oily fish meals/wk (2). They also received a cookbook providing
recipes for healthy eating during pregnancy. Women in the
salmon group (n = 62) were asked to incorporate 2 portions of
salmon into their diet per week from study entry until they gave
birth. They also received a cookbook that provided recipes for
preparing and cooking salmon. The salmon (see below) was
delivered to the homes of these women in individual frozen and
vacuum-packed portions (150 g) on a monthly basis; sufficient
portions were provided for each woman and her partner. Women
in both groups received a diary in which to record any seafood
consumed during the course of the study and the nature of its
preparation and cooking.

The women attended a clinic at week 32–34 of gestation
(hereafter referred to asweek34) and atweek 38 of gestationwhile
in a fasted state. At these clinics, the women provided a blood
sample (added toheparin)andaurinesample;atweek34theyagain
completed the FFQ, and at week 38 they provided a fecal sample.
Umbilical cord blood was collected and added to heparin at the
births of their infants. Umbilical cord tissue and placental tissue
were collected and stored frozen. The progress of women through
the study is showninFigure1.Thecharacteristicsof thewomenand
their pregnancies are provided in Table 1. There were no differ-
ences between the 2 groupswith respect to age, height, andweight
at study entry or with respect to skin-prick test positivity.

Women provided samples of breast milk at days 1, 5, 14, and
28 after giving birth, and infant feces were collected at days 7, 14,
28, and 84. Infant body composition was determined by dual-
energy X-ray absorptiometry �14 d of birth. Women completed
a FFQ at 3 mo after parturition. At the infant’s age of 6 mo,
infants, their mothers, and, where possible, their fathers attended
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a clinic at the Wellcome Trust Clinical Research Facility,
Southampton General Hospital. At this visit, a FFQ (21) was
completed for the infants (n = 86) who then underwent skin-
prick testing for a range of common allergens (house dust mite,
egg, cow milk protein, salmon, common grasses, common trees,
cat, dog, common fungi, penicillin) and assessment for atopic
dermatitis and its severity (22). A small blood sample (,5 mL)
was collected from the infants and added to heparin. Mothers
(n = 86) and fathers (n = 75) also underwent skin-prick testing.

Salmon

Salmon for use in the SiPSwere raised at SkrettingAquaculture
Research Centre, Stavanger, Norway. Their diet contained: fish
meal (298.6 g/kg), soya concentrate (141.3 g/kg), maize gluten
(99.5 g/kg),wheat gluten (29.9 g/kg),wheat (120.1 g/kg), southern
hemispherefishoil (132.1g/kg), rapeseedoil (132.1g/kg),flaxseed
oil (33.5 g/kg), DL-methionine (0.32 g/kg), L-lysine (0.9 g/kg),
monocalcium phosphate (5.64 g/kg), and vitamin andmineralmix
(6.25 g/kg). The dietary ingredients used were selected to be low
in contaminants. Salmon were farmed until they averaged 4 kg in
weight and were then killed; a total of 2280 kg (gutted) of salmon
were produced. Theywere then fileted into 150-g portions and the
filets frozen individually in vacuum-sealed bags in Norway, from
where they were shipped to Southampton and stored at 230�C
until delivery to the women. Women then stored the filets in their
home freezer until the day of cooking. Detailed nutrient and
contaminant content of sample filets was determined at the Na-
tional Institute of Nutrition and Seafood Research, Bergen, Nor-
way. Each 150-g salmon portion contained (on average) 30.5 g
protein, 16.4 g fat, 0.57 g EPA, 0.35 g docosapentaenoic acid
(22:5n23), 1.16 g DHA, 3.56 g total n23 PUFA, 4.1 mg a-to-
copherol, 1.6 mg c-tocopherol, 6 lg vitamin A (sum of all reti-

nols), 14lg vitaminD3, and 43lg selenium; variance in content of
all nutrients among several analyzed portions was ,5% for pro-
tein and fat; ,10% for individual fatty acids, a-tocopherol, and
c-tocopherol; and,20% for vitaminA, vitaminD3, and selenium.
Thus, 2 portions of salmon/wkwould typically provide 3.45 gEPA
+DHA, 28 lg vitamin D3, and 86 lg selenium. For comparison,

FIGURE 1. CONSORT (Consolidated Standards of Reporting Trials) diagram showing the flow of subjects through the study. SIPS, Salmon in Pregnancy
Study.

TABLE 1

Characteristics of the women enrolled in the Salmon in Pregnancy Study

and of their pregnancies1

Control Salmon

n Values n Values

Age (y) 61 28.4 6 0.6 62 29.5 6 0.5

Height (cm) 61 165.6 6 0.9 62 165.4 6 0.8

Weight (kg) 61 71.3 6 2.0 62 67.5 6 1.6

First pregnancy (n) 61 23 62 27

Skin-prick test positive (n)2 38 21 48 31

Duration of pregnancy (d) 54 277 6 2 53 282 6 1

Mode of delivery (n) 54 — 53 —

Normal vaginal 35 — 35 —

Elective section 2 — 3 —

Emergency section 7 — 5 —

Instrumental 10 — 10 —

Infants

Birth weight (g) 54 3425 6 82 53 3449 6 72

Head circumference at birth (cm) 54 34.7 6 0.2 53 34.5 6 0.2

Apgar score at 1 min 54 8.5 6 0.2 53 8.5 6 0.2

Apgar score at 5 min 54 9.1 6 0.1 53 9.1 6 0.1

1 All values are means 6 SEMs unless otherwise indicated. There were

no significant differences between groups.
2 Not all women agreed to be skin prick tested: in the Control group, 38

women were tested and 21 were positive, whereas in the Salmon group, 48

women were tested and 31 were positive.
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average weekly intakes among typical (nonpregnant) women in
the United Kingdom aged 20–40 y are as follows: ,1.4 g EPA
+DHA (2), and probablymuch less than this (23); 18.9 lg vitamin
D (7); and 273 lg selenium (24). The content of contaminants (per
150-g salmon portion) was as follows: 52.5 pg dioxins and dioxin-
like polychlorinated biphenyls (PCBs), 0.492 lg total di-
chlorodipheyl trichloroethanes, 51 lg arsenic, 0.15 lg cadmium,
3.45 lg mercury, and 0.15 lg lead. In comparison, wild salmon
from the Pacific Ocean have been reported to have concentrations
of 0.1–0.4 pg dioxin and dioxin-like PCBs/g (25), which would
equate to 15–60 pg/150-g portion, whereas wild salmon from the
contaminated Baltic Sea had concentrations of 3.3–17 pg dioxins/g
(26), which would equate to 495–2550 pg/150-g portion. In one
study, the dioxin and dioxin-like PCB content of salmon farmed on
commercial fish oil was 0.9–2.9 pg/g (25), which would equate to
135–435 pg/150-g portion. The contaminants in the study salmon
used in the SiPS provided ,12.5% of the FAO/WHO provisional
tolerable weekly intake for dioxin and dioxin-like PCBs,
,11.5% for arsenic,,0.00000008% for cadmium, 0.0000025%
for mercury, and,0.00000002% for lead.

FFQ

TheFFQused to assess thediet of thewomenwas amodification
of one validated for use in pregnant women in Southampton (16–
20) and included questions of consumption frequency of different
types of fish: “oily fish,” “non-oily fish” (including canned tuna),
“fish fingers and fish dishes,” and “shellfish.” Categories of con-
sumptionfrequencywereas follows:“more thanonceaday,”“once
a day,” “3–6 times per week,” “1–2 times per week,” “once
a fortnight,” “once a month,” “once every 2–3 mo,” and “never.”

Laboratory analyses

The laboratory analyses to be conducted as part of the SiPS and
the center responsible for those measurements are listed in Sup-
plemental Table 1 under “Supplemental data” in the online issue.

Plasma phosphatidylcholine fatty acid composition

Maternal and umbilical cord blood was collected and added to
heparin, and plasma was prepared by centrifugation and stored at
280�C until analysis. Total lipid was extracted with chloroform/
methanol (2:1 vol/vol); butylated hydroxytoluene was added to
the extraction as antioxidant. Phosphatidylcholine, which typi-
cally contributes ’75% of plasma phospholipid, was isolated by
solid phase extraction on aminopropylsilica cartridges. Plasma
phosphatidylcholine fatty acid methyl esters were generated by
reaction with methanol containing 2% (vol/vol) sulphuric acid at
50�C for 2 h. Fatty acid methyl esters were separated by chro-
matography on a BPX-70 column (30 m · 220 lm; film
thickness: 0.25 lm; SGE Europe, Milton Keynes, United
Kingdom) fitted to a Hewlett-Packard HP6890 gas chromato-
graph (Hewlett-Packard, Avondale, PA) and run under standard
conditions described elsewhere (27). Fatty acid methyl esters
were identified by comparison with retention times of standards
run previously and they were quantified by using ChemStation
software (Hewlett-Packard).

Sample size, data presentation, and statistical analysis

The SiPS was powered according to an anticipated increase in
maternal plasma phosphatidylcholine EPA content and an an-
ticipated reduction in sensitization to egg in the infants at 6 mo of

age; the latter outcome is not reported here. It was calculated that
a sample size of 50 women/group would have 93% power to
detect a 50% higher plasma phosphatidylcholine EPA content in
the salmon group than in the control group (ie, EPA as 0.75% of
fatty acids compared with 0.5% of fatty acids).

Data are presented as means 6 SEMs or as medians and in-
terquartile range as appropriate. Data for seafood and LC n23
PUFA intake were compared between groups by Mann-Whitney
U test. Data for maternal plasma phosphatidylcholine EPA and
DHA were compared over time (weeks 20, 34, and 38) and be-
tween groups by 2-factor repeated-measures analysis of variance
(time and treatment group as factors). Pairwise comparisons be-
tween groups for maternal plasma phosphatidylcholine EPA and
DHA at a particular time point and between groups for umbilical
cord plasma phosphatidylcholine EPA and DHA were made by
using unpaired Student’s t test. All statistical tests were performed
by using SPSS version 15.0 (SPSS Inc, Chicago, IL), and in all
cases a value of P , 0.05 was taken to indicate significance.

RESULTS

Intake of fish, EPA, and DHA

The FFQ at week 20 confirmed the women’s self-reported low
intake of oily fish. The 34-wk FFQ showed that all women in the
salmon group reported having oily fish 1–2 times/wk, which was
interpreted as 1.5 times/wk (Table 2). Thus, at 34wk gestation, the
salmon group consumed oily fish significantly more frequently
than did the control group (medians: 1.5 and 0 times/wk for
salmon and control groups, respectively; P , 0.001) (Table 2).
The change in oily fish intake from week 20 to week 34 of ges-
tationwas significantly different between the 2 groups (20.04 and
1.21 times/wk for the control and salmon groups, respectively;
P , 0.001). At 34 wk gestation, intakes of EPA, DHA, and EPA
plus DHA from the whole diet, from seafood, and from oily fish
were significantly higher in the salmon group than in the control
group (all P , 0.001) (Table 3). According to data derived from
the FFQ, the mean daily intake of EPA plus DHA from total fish
increased by 270 mg in the salmon group and decreased by 12 mg
in the control group (P, 0.001).

The fish diaries showed that the median weekly consumption
frequency of study salmon in the salmon group was 1.94 portions,
whereas themedianweekly oily fish consumption frequency in the
control group was 0 portions (P, 0.001). Total fish consumption
frequency was 2.11 portions/wk for the salmon group and 0.47
portions/wk for the control group (P , 0.001). The fish diaries
showed that 80% of the volunteers in the salmon group consumed
2 (or more) portions of study salmon/wk for 81% of the weeks
during intervention. Also, 24.5% of the volunteers in the salmon
group consumed �2 portions of study salmon/wk for every week
fromweek 21 toweek 38 of gestation. Fish consumption data from
the fish diaries was used to calculate daily intakes of EPA and
DHA: median daily intakes from total fish were 162 mg EPA, 326
mgDHA, and 491mgEPAplusDHAfor the salmon group; and 10
mg EPA, 16 mg DHA, and 24 mg EPA plus DHA for the control
group during the intervention (all P, 0.001).

Pregnancy outcomes

The duration of pregnancy was an average of 5 d longer in the
salmon group, but this was not significantly different from the
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duration in the control group (Table 1). Mode of delivery, infant
birth weight, infant head circumference at birth, and infant well-
being immediately after birth, as judged by Apgar score, were not
different between groups (Table 1).

Plasma phosphatidylcholine EPA and DHA

There was a significant effect of treatment group and a sig-
nificant group · time interaction on the proportion of both EPA
and DHA in maternal plasma phosphatidylcholine (P , 0.001
for all). The percentages of EPA and DHA in plasma phos-
phatidylcholine decreased during pregnancy in the control group
(P for trend = 0.029 and 0.008, respectively), whereas they in-
creased in the salmon group (P for trend , 0.001 for both)
(Figure 2). EPA and DHA in maternal plasma phosphatidyl-
choline were different between the groups at weeks 34 and 38 of
pregnancy (P , 0.001 for all; Figure 2). Changes in the per-
centages of EPA and DHA in plasma phosphatidylcholine be-
tween weeks 20 and 34 and weeks 20 and 38 of gestation were
significantly different between groups (P , 0.001 for all).

The percentages of both EPA and DHA in umbilical cord
plasma phosphatidylcholine were significantly higher in the
salmon group than in the control group (EPA: 0.32 6 0.2 and
0.63 6 0.04 for the control and salmon groups, respectively;
P , 0.001; DHA: 6.4 6 0.2 and 7.4 6 0.2 for the control and
salmon groups, respectively; P = 0.001).

DISCUSSION

The SiPS aimed to increase the intake of salmon by pregnant
women who do not normally consume oily fish with the aim of
increasing their intake of LC n23 PUFAs (and other key nu-
trients) to enhance their status of LC n23 PUFAs and that of

their fetus and neonate. It is hypothesized that the increased
exposure to LC n23 PUFAs would have effects on the maternal
and fetal immune systems, as reported by others after early
exposure to LC n23 PUFAs from fish oil (13–15, 28), and re-
duce the risk of atopy in infancy (14). The salmon used was
produced specifically for use in this study by aquaculture and
provided 1.8 g EPA plus DHA, 2.08 g LC n23 PUFAs, and 3.56
g total n23 PUFAs/portion. Importantly, the ingredients used for
the salmon feed were selected to be low in contaminants, so that
as well as being rich in LC n23 PUFAs, the salmon used here
was very low in the full range of possible contaminants.

It was calculated that if the women in the salmon group
consumed the desired 2 portions/wk they would take in 3.6 g EPA
plus DHA from this source each week; on the basis of estimates
of intake of EPA plus DHA among adults in the United KIngdom,
this would likely increase the women’s intake of EPA plus DHA
by �18-fold and possibly more than this. Indeed, using the data
available from the FFQ and the fish diaries, intake of EPA plus
DHA was ’20-fold higher in the salmon group than in the
control group during intervention. It is evident from these data
that consumption of 2 portions of oily fish/wk, with the EPA and
DHA content of the salmon used here, will allow pregnant
women to achieve the current recommendations for intake of LC
n23 PUFAs (2–5).

Previous studies have reported that high fish or LC n23 PUFA
intake is associated with longer duration of pregnancy (29–31).
Here, pregnancy was ’5 d longer in the salmon group than in the
control group, which fits with differences previously reported.
However, the difference was not significant, probably due to the
small sample size, which limits power to detect this difference as
significant. Other key pregnancy outcomes such as birth weight,
infant head circumference at birth, and infant health immediately
after birth were not different between groups.

TABLE 3

Intakes of long-chain n23 polyunsaturated fatty acids from the total diet, seafood, and oily fish in the control and salmon groups calculated by using a food-

frequency questionnaire at week 34 of gestation1

Total diet Seafood Oily fish

Control Salmon P Control Salmon P Control Salmon P

EPA 12 (3, 35) 134 (128, 146) ,0.001 12 (3, 35) 133 (128, 146) ,0.001 0 (0, 15) 122 (122, 122) ,0.001

DHA 20 (6, 67) 269 (261, 298) ,0.001 20 (5, 63) 267 (259, 298) ,0.001 0 (0, 27) 249 (249, 249) ,0.001

EPA+DHA 30 (9, 103) 403 (309, 444) ,0.001 30 (8, 97) 403 (387, 444) ,0.001 0 (0, 41) 371 (371, 371) ,0.001

1 All values are median milligrams per day; interquartile ranges in parentheses. n = 54 and 55 in the control and salmon groups, respectively. EPA,

eicosapentaenoic acid; DHA, docosahexaenoic acid. P values were derived from a Mann-Whitney U test comparing the 2 groups.

TABLE 2

Weekly consumption frequency of seafood in the control and salmon groups during the study period1

Data from FFQ

at week 34

Data from fish diaries

averaged over weeks 21–38

Seafood group Control (n = 54) Salmon (n = 55) P Control (n = 47) Salmon (n = 49) P

Non-oily fish 0.25 (0.08, 1.5) 0.5 (0.25, 1.5) 0.204 0.33 (0.06, 0.56) 0.17 (0.06, 0.33) 0.036

Fish fingers and fish dishes 0.18 (0, 0.5) 0.1 (0, 0.25) 0.866 0 (0, 0.11) 0 (0, 0) 0.002

Oily fish 0 (0, 0.14) 1.5 (1.5, 1.5) ,0.001 0 (0, 0.07) 1.94 (1.87, 2.00) ,0.001

Shellfish 0 (0, 0) 0 (0, 0.1) 0.076 0 (0, 0) 0 (0, 0) 0.507

1 All values are median numbers of times per week; interquartile ranges in parentheses. FFQ, food-frequency questionnaire. P values were derived from

a Mann-Whitney U test comparing the 2 groups.
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The decline in the percentage of EPA and DHA in plasma
phosphatidylcholine over the course of pregnancy in the control
group is entirely consistent with data reported previously (32–
34), and indeed the percentage values for EPA and DHA reported
here are very similar to those reported previously for plasma
phospholipids during pregnancy in Dutch, Belgian, and German
women (32–35). In contrast to the observations in the control
group, not only did EPA and DHA not decline in plasma
phosphatidylcholine in the salmon group but they increased. At
34 and 38 wk of pregnancy, the percentage of EPA in plasma
phosphatidylcholine in the salmon group was ’100% higher
than in the control group, whereas DHA was ’25% higher.
Plasma phosphatidylcholine from umbilical cord blood showed
higher EPA and DHA in the salmon group, indicating enhanced
transfer of these functionally important fatty acids to the fetus,
presumably as a result of the higher concentration in the ma-
ternal circulation. The higher percentage of EPA and DHA in the
fetal circulation in the salmon group may result in better visual,
neural, and immune development in those infants. The percen-
tages of other fatty acids, including arachidonic acid, and the
fatty acid composition of other plasma lipids and of erythrocytes
and leukocytes in maternal and umbilical cord blood will be
reported in future publications, as will immune and clinical
outcomes in the infants.

In conclusion, this study shows that if pregnant women who do
not normally consume oily fish eat salmon twice per week they
will significantly increase their intake of LC n23 PUFAs; they
will meet current dietary recommendations for DHA and LC
n23 PUFAs; they will enhance their status of EPA and DHA,
preventing the pregnancy-associated decline in these key fatty
acids; and they will increase the status of EPA and DHA in their
fetus and neonate.
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