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Abstract

Fish oil supplementation during pregnancy alters breast milk composition, but there is little information about the impact of
oily fish consumption. We determined whether increased salmon consumption during pregnancy alters breast milk fatty
acid composition and immune factors. Women (n = 123) who rarely ate oily fish were randomly assigned to consume their
habitual diet or to consume 2 portions of farmed salmon per week from 20 wk of pregnancy until delivery. The salmon
provided 3.45 g long-chain (LC) (n-3) PUFA/wk. Breast milk fatty acid composition and immune factors [soluble CD14,
transforming growth factor-g (TGFB)1, TGFB2, and secretory IgA] were analyzed at 1, 5, 14, and 28 d postpartum (PP).
Breast milk from the salmon group had higher proportions of EPA (80%), docosapentaenoic acid (30%), and DHA (90%) on
d 5 PP compared with controls (P < 0.01). The LC (n-6) PUFA:LC (n-3) PUFA ratio was lower for the salmon group on all
days of PP sampling (P = 0.004), although individual (n-6) PUFA proportions, including arachidonic acid, did not differ. All
breast milk immune factors decreased between d 1 and 28 PP (P < 0.001). Breast milk secretory IgA (slgA) was lower in
the salmon group (d 1-28 PP; P = 0.006). Salmon consumption during pregnancy, at the current recommended intakes,
increases the LC (n-3) PUFA concentration of breast milk in early lactation, thus improving the supply of these important
fatty acids to the breast-fed neonate. The consequence of the lower breast milk concentration of sIgA in the salmon group

is not clear. J. Nutr. 142: 1603-1610, 2012.

Introduction

The long-chain (LC)'® (n-3) PUFA DHA is important for early
brain, visual, and neural development (1,2). There is also some
evidence that early exposure to LC PUFA can influence immune
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development and function (3). Therefore, it is important that
pregnant and lactating mothers can supply sufficient DHA and
other LC PUFA to the fetus and neonate to meet its demands for
growth and development. In their review of the impact of breast
milk DHA status on infant health outcomes, Jensen and
Lapillonne (4) stated that there is evidence that higher breast
milk DHA is associated with better infant neurodevelopment
and visual function and they concluded that increasing the breast
milk DHA concentration may confer neurodevelopmental ben-
efits to the recipient breast-fed infant. Seafood, especially oily
fish, is a good source of DHA and of another LC (n-3) PUFA,
EPA. Consequently, breast milk EPA and DHA were reported
to be higher in women with a high habitual consumption of
fish (5). Fish oil is rich in EPA and DHA. Providing daily fish oil
supplements during pregnancy (6,7), lactation (8), or pregnancy
and lactation (9) increases the breast milk DHA concentration.
To our knowledge, there are no intervention studies with oily
fish in pregnancy reporting on breast milk fatty acids.

In addition to supplying important LC PUFA, human breast
milk provides a broad range of immunological factors, which are
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likely to play a role in early gastrointestinal and immune
maturation in neonates and their immune defenses (10,11).
These include, among others, transforming growth factor-f3
(TGF-B) (12), secretory IgA (sIgA) (13), and soluble CD14
(sCD14) (14). TGFB is one of the most abundant cytokines in
human milk (15). It has pleiotropic effects, including promoting
oral tolerance (16), inducing cell proliferation and differentia-
tion (17,18), and protecting against allergy-related outcomes in
infancy and childhood (12). sCD14 is a key component of the
neonate’s host defense mechanism, because neonates lack the
CD14-independent pathway for dealing with Gram-negative
bacterial LPS (19). Newborn infants do not produce their own
protective levels of sIgA until 30 d postpartum (PP) (20). Thus, a
supply of sIgA from breast milk, providing passive immune
protection, is very important in the first month of life (21). A
small number of studies have investigated whether supplemental
LC (n-3) PUFA during pregnancy and/or lactation affect such
immune factors in breast milk (22,23), but to our knowledge,
there are no data on the influence of oily fish consumption by
pregnant women on breast milk immune factors.

In the UK, pregnant women are recommended to eat 1 or 2
portions of oily fish/wk, with guidance to avoid specific species
due to the potential risk of contaminants (24). Similar guidance
is offered by the US FDA (25). However, consumption of oily fish
is low in these populations, with ~60% nonconsumers among
adults in the UK (26). The Salmon in Pregnancy Study (SiPS) is a
randomized, controlled intervention investigating the effects of
consumption of 2 portions of salmon/wk by women from wk
20 of pregnancy until they give birth (27). Here we tested the
hypotheses that increased consumption of salmon by pregnant
women would increase breast milk proportions of LC (n-3)
PUFA and DHA and would alter breast milk immune factor
concentrations.

Participants and Methods

Study design and participant characteristics. The SiPS is a single-
blind, randomized, controlled intervention with salmon during preg-
nancy; the full study design and baseline characteristics of the women
were previously reported (27). In brief, pregnant women (7 = 123) who
rarely ate oily fish and whose unborn infant had a family history of
atopy, allergy, or asthma (one or more first-degree relatives of the
unborn infant affected by atopy, allergy, or asthma) were randomly
assigned to either continue consuming their habitual diet (control
group; 7 = 61) or were provided with farmed salmon and requested to
consume two 150 g portions of salmon/wk from 20 wk pregnancy until
birth (salmon group; 7 = 62). Full details of the farmed salmon were
previously reported (27) and the 2 portions of salmon typically
provided 3.45 g of EPA plus DHA/wk, equivalent to ~0.48 g/d EPA
+DHA. Maternal fish and LC (n-3) PUFA intakes and EPA and DHA
concentrations in maternal blood were previously reported (27). The
study and all procedures were approved by the Southampton and South
West Hampshire Research Ethics Committee (07/Q1704/43). The
study was conducted according to the principles of the Declaration of
Helsinki and all women gave written informed consent.

Breast milk samples were collected during the first month PP to
represent colostrum (d 1 PP), transition (d 5 and 14 PP), and mature milk
(d 28 PP). The milk was collected after the baby had been fed (i.e., hind
milk) and was manually expressed into sterile containers and immediately
stored at —20°C until it was transferred to the laboratory, where it was
then stored at —80°C until analysis. Not all the women breast fed and of
those who did, not all were able to provide breast milk samples at each
time point PP. Furthermore, there was insufficient sample in some cases for
all analyses to be conducted. Figure 1 describes the number of breast milk
samples available at each time point and for each type of assay. Data were
analyzed with linear mixed model to manage missing data points.
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Breast milk fatty acid composition. The procedure used for breast
milk lipid extraction (28) and breast milk fatty acid composition analysis
is described in (Supplemental Methods).

Breast milk immune factors. A pilot study identified that whole breast
milk was suitable for measurement of immune factor concentrations
(Supplemental Methods). The concentrations of sCD14, TGFB1, and
TGFB2 were measured using Quantikine human immunoassays (R & D
Systems, Europe), following the manufacturer’s instructions. The limits
of detection of sCD14, TGFB1, and TGFB2 were 125, 7, and 7 ng/L,
respectively. Intra- and inter-assay CV were 4 and 11% (sCD14), 5 and
15% (TGFB1), and 4 and 9% (TGEB2), respectively. The concentration of
sIgA was measured using an ELISA kit reported to have 100% cross-
reactivity for human sIgA from breast milk (Demeditec Diagnostics). The
manufacturer’s instructions were followed. The limit of detection was 1.2
mg/L, and the intra- and inter-assay CV were 7 and 16 %, respectively. All
plates were read on a GENios Spectra FLUOR plus (Tecan UK).

Breast milk protein concentration. Breast milk protein concentrations
were measured using the method of Bradford (29,30) using human serum
albumin (Sigma-Aldrich) as standard. The limit of detection was 0.1 g/L
and the intra- and inter-assay CV were 7.0 and 9.0%, respectively.>

Statistics. Data were checked for normality with histograms and the
Kolmogorov-Smirnov test. Data are expressed as mean = SEM, median
and (25th—75th percentile), or number and percentage as appropriate.
Breast milk fatty acids were calculated as a percentage of total fatty acids
(% FA) and as a concentration within whole milk (mg/L). They were log-
or rank-transformed and the effects of time and treatment group
examined by linear mixed model. Breast milk immune factors were log
transformed and also compared by linear mixed model. Post hoc
pairwise comparisons were carried out with a Student’s ¢ test and
Bonferroni correction. To adjust for potential confounders, single
variables (parity, maternal age, maternal BMI, self-reported maternal
atopy, and maternal atopy defined by positive skin prick test) were
assessed within the model. Spearman rank correlations or partial
correlations on transformed data, controlling for group and time PP,
were used to examine the relationships between breast milk immune
factors and fatty acids. Models for predicting breast milk DHA and
breast milk sIgA for the total population, the control group, and the
salmon group were developed with the use of multiple regression
analysis. The independent variables considered were breast milk fatty
acids and immune factors and maternal characteristics, dietary fatty acid
intakes, and fatty acid status. The independent variables selected for
inclusion in the model were determined from initial significant bivariate
correlations with the dependent variable. Several separate models were
fitted because of concerns with multi-colinearity when fitting all
variables together in a single model. Breast milk TGFB1 and TGFB2
were combined as one variable. All multiple regression analyses were
applied in conditions that ensured a suitable fit. These conditions were
explored using relevant residual analyses and plots. SPSS was used for all
tests and in all cases, P < 0.05 was considered significant (P < 0.05
adjusted for the number of multiple comparisons).

Results

Subject and pregnancy characteristics. Sixty-one women
were enrolled into the control group and 62 into the salmon
group and, after attrition during pregnancy, there were 54 births
in the control group and 53 in the salmon group (27). A
subgroup of the women chose to breast feed and for those who
provided breast milk samples, there were no significant differ-
ences between the 2 groups with respect to age, height, weight,
and BMI at study entry, maternal self-reported atopy, or
maternal atopy defined by positive skin prick testing to allergens
(31) (Table 1). However, the number of women for whom
the study pregnancy was their first was higher in the salmon
group (Table 1).
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Enrolled onto SiPS at 20/40 (n= 123)
Controln=61; Salmonn= 62

Withdrew:
Hardto bleedn =1
P ] n=8

Did not lke salmonn=4
No longerinterested n =2
Noreasongivenn=1

Enrolled on SiPS at delivery (n= 107)
Control n= 54; salmonn= 53

/\

I Control n=54 I I Salmonn=53 l
M \,
Women who provided a Women who provided a
breast milk sample at breast milk sample at
one time point or more one time point or more
n=32 n=32
sCD14n=14;slgAn=; d1PpP d1PP sCD14n=12;slgAn=9;
TGFB1n=10;TGFB2n=9; [&| Breastmilk samples Breast milk samples > TGFB1n=10;TGFB2n=49;
FAn=9 n=14 n=12 FAn=7
sCD14n=27; slgAn = 26; d5PP d5PP sCD14n=28; slgAn=28;
TGFB1n=26; TGFB2n=25; [&| Breastmilk samples Breast milk samples [->| TGFB1n=26; TGFB2n=26;
FAn=23 n=27 n=28 FAn=23
$CD14n=28; slgAn = 28; d14pPP d14PP SCD14n=27; slgAn = 27;
:‘A;:Ez"; 28, TGFP2n=28; <4 Breastmilk samples Breast milk samples > TGFB1n= 27'; TGF52n=I27;
n=28 n=27 FAn=25
sCD14n=23; slgAn =23; d28 PP d28 PP sCD14n=26; slgAn=25;
TGFB1n=23; TGFP2n=23; < i i > TGFB1n=23; TGFp2n=22;
FAn=22 Breast mllksamples Breast mllksamples FAn=20
n=23 n=26
Sets of samples: Sets of samples:
4/4n=10 4/4n=9
3/4n=11 3/4n=15
2/4n=8 2/4n=4
1/4n=3 1/4n=4
Totalsamples n=92 Totalsamples n= 93

FIGURE 1 CONSORT diagram showing the
flow of participants through the SiPS, the collec-
tion of breast milk samples, and the analyses
completed. FA, fatty acid; PP, postpartum;
sCD14, soluble CD14; slgA, secretory IgA; SiPS,
Salmon in Pregnancy Study; TGFB, transforming
growth factor-8.

Breast milk fatty acid composition. There was a significant
effect of time on the percentage of a number of fatty acids
(Supplemental Table 1), including a-linolenic acid [ALA, 18:3
(n-3)], arachidonic acid (AA), docosapentaenoic acid (DPA), and
DHA (Table 2). There was a significant effect of treatment group
on EPA, DPA, and DHA (Table 2). Breast milk from the women
who consumed salmon had significantly higher proportions of
EPA (80%), DPA (30%), DHA (90%), total (n-3) PUFA (30%),
and total LC (n-3) PUFA (60%) on d 5 PP compared with
controls (Table 2). The proportion of DHA remained signifi-
cantly higher in the salmon group at d 14 and 28 PP [i.e., 14 and
28 d after the women had ceased eating the study salmon and
had returned to their habitual diet of low oily fish consumption
(32)]. The percentages of LC (n-6) PUFA, including AA, did not
significantly differ between the 2 groups, but the LC (n-6) PUFA:
LC (n-3) PUFA ratio was significantly lower in the milk of the
women consuming salmon and remained significantly lower at d
28 PP (Table 2). There was a positive correlation between breast
milk AA and DHA, having adjusted for days PP, in both the
control group (r = 0.57; P < 0.001) and the salmon group (r =
0.41; P < 0.001), although the relationship between milk AA
and DHA in the salmon group was best explained by a quadratic
function (Fig. 2).

There was no significant difference in breast milk total lipid
concentration (g/L) between the 2 groups (data not shown).
However, the total lipid concentration increased (P < 0.001)
from 13.2 = 2.6 g/L in colostrum to 22.6 = 1.9 g/L in mature
milk (d 28 PP). Although the absolute concentrations (mg/L) of
most fatty acids increased from d 1 to 28 PP, the breast milk of
the women who consumed salmon had significantly higher
concentrations of EPA (80%), DPA (60%), DHA (100%), and

total LC (n-3) PUFA (80%) on d 5 PP compared with controls
(overall effects of group P < 0.03 for all) (data not shown).
Maternal age, BMI, and atopy (self-reported or confirmed by
positive skin prick test) did not have a significant effect on either
the percentage or absolute concentration of any of the breast
milk fatty acids analyzed.

In each of the multiple regression models used, the proportion
of breast milk AA was a significant predictor of breast milk DHA
(Table 3). In the salmon group, in order of greatest effect, plasma
phosphatidylcholine DHA in late pregnancy, total dietary (n-3)

TABLE 1 Personal and pregnancy characteristics of the women

who provided breast milk samples’

Control group Salmon group

(n=32) (n=32)
Age, y 30.1 £ 0.6 303 £ 0.7
Height, cm 1659 = 1.2 164.7 = 1.0
Weight at 20 wk gestation, kg 70.0 (63.6-85.2) 65.9 (61.6-73.5)
BMI at 20 wk gestation, kg/mz 26.1 (23.4-29.8) 23.9(23.0-27.3)
First pregnancy, n (%) 10 (32.3) 19 (59.4)*
Self-reported atopy, n (%) 18 (56.3) 19 (59.4)
Positive skin prick test to one or 15 (53.6) 20 (64.5)

mare allergens,? n (%)

Duration of pregnancy, d 282 =15 282 =14
Delivery by caesarean section, n (%) 6(18.8) 5 (15.6)

" Values are mean = SEM, median (25th-75th percentile), or n (%). *Different from
control, P = 0.045.

2 Not all women agreed to be skin prick tested; in the control group, n = 28 were
tested and in the salmon group, n = 31 were tested.
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TABLE 2 The effect of increased salmon consumption by pregnant women on breast milk fatty acid composition at d 1, 5, 14, and

28 PP’
Group n d1 n db n d14 n d28 Group P Time P
% FA % FA % FA % FA

Total SFA? Control 9 389 £ 0.7 23 388 =09 27 394 +08 22 394 =11 NS NS
Salmon 7 1314 23 407 =08 25 408 = 0.8 20 398 =10

18:1(n-9) Control 9 379 =06 23 389 = 0.6 27 382 =05 22 377 =06 0.027 NS
Salmon 7 377 =08 23 36.4 = 0.6* 25 37005 20 374 06

Total MUFA Control 9 449 = 06 23 457 = 0.7 27 450 = 0.6 22 443 =08 0.032 NS
Salmon 7 442 =10 23 435 + 06 25 436 = 0.6 20 434 = 06

18:2(n-6) (LA) Control 9 11.6 =09 23 116 £ 05 27 11.8 £ 05 22 126 =07 NS NS
Salmon 7 98 =07 23 112 £ 06 25 115 £ 03 20 129 =07

20:4(n-6) (AA) Control 9 0.98 + 0.09° 23 062 + 0.04° 27 056 + 0.03* 22 0.53 + 0.04° NS <0.001
Salmon 7 0.88 = 0.05° 23 060 + 0.02° 25 052 + 0.03* 20 0.49 = 0.02°

Total (n-6) PUFA Control 9 140 =09 23 133 £ 05 27 134 £ 05 22 140 =07 NS NS
Salmon 7 120 =07 23 132 06 25 130 = 04 20 144 =07

Total LC (n-6) PUFA Control 9 2.37 = 0.20° 23 1.63 + 0.0 27 142 + 0.068” 22 1.31 = 0.07° NS <0.001
Salmon 7 2.07 = 0.10° 23 174 + 0.06° 25 1.36 = 0.05° 20 1.26 = 0.06°

18:3(n-3) (ALA) Control 9 1.03 = 0.12 23 1.14 = 0.07 27 1.31 = 0.09 22 140 = 0.12 NS 0.007
Salmon 7 092 =017 23 1.18 = 0.07 25 1.39 = 012 20 1.37 £0.12

20:5(n-3) (EPA) Control 9 0.06 (0.00-0.08) 23 0.06 (0.03-0.07) 27 0.08 (0.05-0.08) 22 0.07 (0.06-0.10) 0.004 NS
Salmon 7 0.09 (0.00-0.11) 23 0.11 (0.06-0.16)* 25 0.10 (0.08-0.21) 20 0.09 (0.07-0.13)

22:5(n-3) (DPA) Control 9 0.33 = 0.06 23 0.23 = 0.04 27 0.20 = 0.01 22 0.23 = 0.01 0.008 <0.001
Salmon 7 0.45 + 0.05° 23 030 + 0.022> 25 0.22 + 0.02° 20 027 + 0.04

22:6(n-3) (DHA) Control 9 0.49 + 0.04° 23 035 = 0.02%° 27 031 + 0.02° 22 032 * 0.05° <0.001 <0.001
Salmon 7 0.66 = 0.07° 23 0.65 = 0.04%* 25 050 + 0.05°* 20 0.43 + 0.05>

Total (n-3) PUFA Control 9 201 =015 23 1.90 = 0.12 27 2.00 = 0.10 22 213 =019 0.024 NS
Salmon 7 220 = 0.20 23 240 = 0.12* 25 235+ 0.18 20 225 =015

Total LC (n-3) PUFA Control 9 098 = 0.11 23 0.76 = 0.07 27 0.68 = 0.04 22 0.72 = 0.10 <0.001 <0.001
Salmon 7 1.28 = 0.14° 23 1.22 = 0.07%* 25 0.96 + 0.09°* 20 0.89 + 0.09°

(n-6):(n-3) PUFA Control 9 717 = 0.54 23 749 = 043 27 6.93 = 0.27 22 722 = 045 0.003 NS
Salmon 7 564 = 0.39 23 572 = 0.34* 25 6.18 = 0.38 20 6.63 = 0.39

LC (n-6):.LC (n-3) PUFA Control 9 252 =019 23 235+ 014 27 217 £0.10 22 2.08 =013 <0.001 NS
Salmon 7 1.69 = 0.16* 23 1.51 = 0.10* 25 160 = 0.10* 20 1.51 = 0.07*

" Values are mean = SEM or median (25th-75th percentile). Values in a row with superscripts without a common letter differ, P < 0.05. *Different from control on that day, P <
0.05. There were no group X time interactions. AA, arachidonic acid; ALA, a-linolenic acid; DPA, docosapentaenoic acid; LA, linoleic acid; LC PUFA, long-chain PUFA; % FA,

percentage of total fatty acids; NS, not significant, P > 0.05; PP, postpartum.

2\When the model was adjusted for parity, there was an effect of group for total SFA, P = 0.011.

PUFA, and dietary DHA during pregnancy (but not dietary ANA)
were individually significant predictors of breast milk DHA in
combination with the proportion of breast milk AA (Table 3).
This was not the case in the control group where only plasma
phosphatidylcholine DHA during late pregnancy was a predictor
of breast milk DHA (P = 0.023) and dietary DHA (P = 0.054) and
ALA (P = 0.09) tended to be predictors (Table 3).

Breast milk immune factors. There was no significant effect of
group, parity, maternal age, BMI, or maternal atopy on breast
milk total protein concentration, but there was a reduction in
protein concentration with time (P < 0.001; data not shown).
There was a 100% detection rate for each of the 4 immune
factors measured and a significant effect of time on the con-
centration of all 4 factors (Table 4). They all declined signifi-
cantly (Table 4), even when concentrations were standardized
against total protein concentration (Supplemental Table 2) and
there was a significant effect of group on the concentration of
slgA (Table 4). The sIgA concentration was lower in the salmon
group, both per unit volume (36, 80, 75, and 80% of the
concentration in the control group at d 1, §, 14, and 28,
respectively) (Table 4) and when standardized against total
protein (Supplemental Table 2), even after adjusting for
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maternal parity, age, and BMI. Maternal BMI had an inverse
association with sCD14 (P = 0.02; data not shown).

There were positive partial correlations (having controlled
for intervention and repeated measures) among all the immune
factors: TGFB1 with TGFB2 (r = 0.68), sIgA (r = 0.49), and
sCD14 (r = 0.40); TGFB2 with sIgA (r = 0.50) and sCD14 (r =
0.38); and sIgA with sCD14 (r = 0.50) (P < 0.001 for all). Milk
EPA was negatively associated with all immune factors and there
was a positive association of AA with sIgA and TGFB1 (Table 5).

Breast milk TGFB1 and TGFB2 expressed as either pg/mg
protein (Fig. 3) or ng/L were higher in (self-reported) atopic
mothers compared with nonatopic mothers (not shown; P = 0.04
and P = 0.02, respectively). This was not the case for either
sCD14 or sIgA.

Discussion

Increased salmon consumption from wk 20 of pregnancy
significantly enhanced the LC (n-3) PUFA status of breast milk
during early lactation. On d 5 PP, the milk of the women in the
salmon group had higher proportions of EPA (80%), DPA
(30%), and DHA (90%) compared with those of the control
group. The proportion of milk DHA significantly decreased with
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FIGURE 2 Relationship between breast milk AA and DHA for the
control group (A) and the salmon group (B). Solid black line is linear
regression (A) and quadratic function (B). Dotted lines are 95%Cl and
the vertical solid gray line indicates the arbitrary cutoff point for DHA
(0.7% FA). AA, arachidonic acid.

time, as previously reported by others (6,33,34). However,
breast milk DHA was still 30% higher in the salmon group
compared with the control group (0.43 vs. 0.32% FA, respec-
tively) 4 wk after the consumption of salmon had ceased.
Previous studies with fish oil supplements in pregnancy have
often used high doses of EPA and DHA, e.g., with daily EPA plus
DHA intakes 4.5-6.7 times those in the SiPS (6,9). In one of
these studies (6), d 3 PP milk from the fish oil-supplemented
group had higher proportions of EPA (170%), DPA (100%), and
DHA (130%) compared with the control group and milk DHA
remained 70% higher 6 wk after supplementation had ceased
(0.42 vs. 0.25% FA, respectively) but was not significantly
different at 6 mo PP (6). In contrast, in another study (9), high-
dose fish oil during pregnancy did not result in a significant
increase in milk DHA at d 4, 16, or 30 PP; however, the
supplementation period was confined to the last 10 wk of
gestation and the ratio of EPA:DHA in the supplemented oil was
1.4:1 compared with 1:2 in the SiPS and the Dunstan et al. (6)
study. The magnitude of the enrichment of breast milk with LC
(n-3) PUFA during early lactation in the current study is higher
than might be predicted based on the comparatively lower LC
(n-3) PUFA intakes relative to studies employing fish oil
supplements. The reason for this is unclear. It has been suggested

that the bioavailability of LC (n-3) PUFA is greater from fish
than that from fish oil (35,36), although not all studies agree on
this. For example, in a study of nonpregnant women, consump-
tion of equal amounts of EPA and DHA from either oily fish or
fish oil capsules was equally effective at enriching blood lipids
with (n-3) PUFA (37). Whatever the reason, the current study
suggests that consuming oily fish during pregnancy may be more
effective than using fish oil supplements at enhancing breast milk
proportions of DHA. A controlled trial comparing oily fish and
fish oil in a cohort of pregnant women would be necessary to
confirm this. The higher dose of LC (n-3) PUFA provided by fish
oil supplements may extend the duration of enrichment of breast
milk with these fatty acids, because Dunstan et al. (6) reported
elevated proportions of DHA at 6 wk PP. However, samples were
not taken beyond 4 wk PP in the current study, so the washout
period cannot be determined. Interestingly, the DHA enrichment
achieved in the SiPS (0.43% FA at 4 wk PP) was comparable with
that reported for relatively high habitual fish consumers (4.6 =
1.5 fish meals/wk) whose putative baseline percentage milk DHA
(i.e., that not affected by dietary intake of oily fish within the last
24 h) at 4 mo PP was 0.41% FA (38). High-dose fish oil during
pregnancy resulted in a breast milk DHA percentage of 0.42% FA
at 6 wk PP (6). Although the values reported in these 3 diverse
studies are very similar, it is important to keep in mind that there
were differences between the studies in terms of breast milk
processing and the methodology of the FA analysis.

Whether the increased DHA status at birth of both mother
and neonate in the salmon group, as previously reported (27),
combined with the corresponding increase in milk LC (n-3)
PUFA reported here are sufficient to meet the ongoing needs of
breast-fed neonates and prevent depletion in mothers during
lactation is yet unknown, although previous reports suggest that
both may still be at risk (39,40). In this regard, it may be
appropriate to reconsider the guidelines recommending only 2
portions of oily fish per week during pregnancy (24,25) and to
focus on promoting higher consumption of fish species known to
be low in contaminants. It is important to note that the salmon
used in the SiPS was tailor made to be very low in contaminants
while maintaining a high concentration of LC (n-3) PUFA (27).

Although consumption of salmon increased the percentage of
LC (n-3) PUFA in milk, there was no significant decrease in
breast milk LC (n-6) PUFA, including AA. This is important,
because AA also plays a role in early brain development (1).
However, the ratio of LC (n-6) PUFA:LC (n-3) PUFA was
significantly lower in the salmon group. This may be of relevance
to allergy prevention (41). There was a significant positive
correlation between milk DHA and AA, as observed by others
(42,43). However, there appears to be a positive relationship
between AA and DHA at lower proportions of DHA (arbitrary
cutoff of =0.7% FA) but an inverse relationship at higher
proportions of DHA (arbitrary cutoff >0.7% FA). This is in
partial agreement with the findings of Kuipers et al. (5) and a
similar relationship between DHA and AA has been reported
with varying DHA concentrations in erythrocytes, umbilical
arteries, and veins (44). Within the SiPS, only a small number of
early lactation samples in the salmon group had DHA >0.7%
FA, which may explain why a significant decrease in milk AA
was not observed in SiPS, unlike other studies, where milk DHA
was >0.7% FA and a significant decrease in milk AA was
reported (6,45). Multiple regression analysis aimed at identify-
ing predictors of milk DHA in the SiPS resulted in 22-41% of
the variance in milk DHA being positively associated with milk
AA. Multiple regression analyses also showed that for the total
population, dietary intakes of ALA did not explain the variance
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TABLE 3 Predictors of breast milk DHA after increased salmon consumption by pregnant women
compared with control and the total population’

Total population

Control group Salmon group

Independent predictors B2 P B P B P
Model 1 Dietary total (n-3) PUFA in pregnancy® 0.48 <0.001 0.15 0.09 0.32 <0.001
Breast milk 20:4(n-6) 0.53 <0.001 0.67 <0.001 0.58 <0.001
Adjusted A 042 <0.001 042 <0.001 040 <0.001
Model 2 Dietary 18:3(n-3) in pregnancy 0.24 0.001 0.16 0.09 0.07 0.46
Breast milk 20:4(n-6) 0.44 <0.001 0.63 <0.001 0.55 <0.001
Adjusted A 0.25 <0.001 042 <0.001 0.31 <0.001
Model 3 Dietary 22:6(n-3) in pregnancy 0.60 <0.001 0.17 0.054 0.21 0.015
Breast milk 20:4(n-6) 0.52 <0.001 0.65 <0.001 0.58 <0.001
Adjusted 7 0.55 <0.001 042 <0.001 0.35 <0.001
Model 4 Plasma PC 22:6(n-3) in late pregnancy* 0.60 <0.001 0.22 0.023 0.32 0.001
Breast milk 20:4(n-6) 0.42 <0.001 0.63 <0.001 0.52 <0.001
Adjusted 7 0.55 <0.001 048 <0.001 040 <0.001

" PC, phosphatidylcholine.
2 B standardized regression coefficient.

% Evaluated by FFQ at 34 wk pregnancy covering the previous 3-mo intake (27).

4 Maternal plasma PC DHA at 38 wk pregnancy (27).

in milk DHA as strongly as did dietary DHA, which is probably
reflective of the limited endogenous conversion of ALA in
humans (46). However, within the control group only, where
intakes of preformed DHA were low (27), dietary ALA showed
a trend toward being a predictor of milk DHA (P = 0.09).

In the current study, immune factors measured in whole
breast milk decreased with time, which is characteristic of the
first month of lactation, when human milk is most changeable
(47). There was a negative association of all immune factors
with milk EPA and a positive association of milk AA with sIgA
and TGFB1. Milk sIgA was significantly lower in the salmon
group, which is in contrast to a previous intervention study
with high-dose fish oil, where there was no significant
difference in milk sIgA between the control and intervention
group and there was a positive correlation among milk DHA,
DPA, and milk sIgA (22). However, there are significant
differences between the 2 studies; the SiPS was a dietary
intervention with salmon, not only a source of LC (n-3) PUFA,
but also of vitamins A, D, E, and K, and minerals (selenium,
zinc), whereas in the Dunstan et al. (22) study, high-dose fish
oil supplements were employed, providing LC (n-3) PUFA at a
dose >6-fold that used in the SiPS. Some studies have reported
that the AA-derived mediator PGE, promotes IgA synthesis
(48,49); because LC (n-3) PUFA may reduce PGE, production

(31), this could explain the lower breast milk sIgA in the salmon
group in the current study. Published data on the effects of LC
PUFA on milk sIgA are limited and therefore further investiga-
tion is warranted, particularly in early lactation. This is
particularly important, because breast-fed neonates do not
produce their own protective levels of sIgA until 30 d PP, but
benefit from the supply and passive protection afforded by the
sIgA within milk (21). It is not clear whether the lower milk sIgA
observed in the salmon group in the current study is of biological
significance with respect to defense against pathogens or
development of atopy in breast-fed infants.

In the SiPS, infants had a family history of atopy (first-
degree relative), but there was no relationship between mater-
nal atopy and breast milk fatty acid composition. The literature
is inconsistent on this issue, with reports of lower LC (n-6)
PUFA or both lower or higher concentrations of LC (n-3) PUFA
being associated with the milk of atopic women compared with
nonatopic women (50). In the current study, atopic mothers
(self-reported) had higher concentrations of TGFB1 and
TGFB2 in their milk. This is contradictory to the findings of a
review (12), which described lower concentrations of TGFB1
and TGFB2 in the milk of atopic compared with nonatopic
mothers in some studies and no significant difference in milk
TGEFp concentration between atopic and nonatopic mothers in the

TABLE 4 The effect of increased salmon consumption by pregnant women on breast milk immune
factors at d 1, 5, 14, and 28 PP'Immune factor

Group n d1 n d5 n d14 n d28 Group P Time P

sCD14, mg/L Control 14 257 (157-310) 27 12.1°(97-141) 28 92 (75-115) 23 82°(7.2-97) NS <0.001
Salmon 12 17.7°(146-286) 28 114°(10.0-144) 27 95°(75-126) 26 8.3°(6.0-10.3)

slgA, g/l Control 9 3.137(1.76-7.04) 26 069°(0.51-1.07) 28 052" (0.33-063) 23 0.38°(031-053) 0006  <0.001
Salmon 9 1.13%(0.77-324) 28 055°(0.41-068) 27 0.39°(0.27-0.51) 25 0.31°(0.22-0.43)

TGFB1, wg/L Control 10 1.14%(0.60-2.78) 26 0.57° (0.32-0.85) 28 0.30°(0.23-0.47) 23 0.36°(0.24-046) NS  <0.001
Salmon 10 077%(0.29-174) 26 063°(045-081) 27 0.36°(0.27-0.46) 23 0.26° (0.20-0.35)

TGFB2, mg/L Control 9 6.61° (3.86-12.52) 25 4.127(1.98-11.17) 28 2.20° (1.41-5.06) 23 2.81°(1.36-353) NS  <0.001
Salmon 9 3.36%(2.92-10.11) 26 5.07% (2.76-8.34) 27 3.03%(2.33-3.97) 22 2.07°(1.02-3.44)

" Values are median (25th-75th percentile).Values in a row with superscripts without a common letter differ, P < 0.05. There were no group
X time interactions. NS, not significant, P > 0.05; sCD14, soluble CD14; slgA, secretory IgA; TGFB, transforming growth factor-8.
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FIGURE 3 Breast milk TGFB1 (4) and TGFB2 (B) concentrations at
d 1-28 PP in self-reported atopic and nonatopic mothers in the control
and salmon groups. The boxes represent the 25th-75th percentiles,
the solid line within the box represents the median, and the whiskers
projecting out from the boxes represent the 5th-95th percentiles.
d 1 [nonatopic (NA), n = 9; atopic (A), n=9], d5 (NA, n=20; A, n=
31), d 14 (NA, n=24; A, n=31), and d 28 (NA, n=21; A, n = 24).
Maternal atopy affected TGFB1 (P = 0.008) and TGFB2 (P =0.011);
time affected both (P < 0.001). There were no group X time
interactions. PP, postpartum; TGFB, transforming growth factor-g8.

largest study. However, in the current study, milk samples were
collected during early lactation (1, 5, 14, and 28 d PP), whereas in
the studies included in the review, milk was sampled on d 1-4 PP
and or 1, 3, 6, and 12 mo PP.

In summary, consumption of salmon during pregnancy, at the
current recommended intakes, results in significantly higher
proportions of individual and total LC (n-3) PUFA in breast milk
during early lactation and in a lower ratio of LC (n-6):LC (n-3)
PUFA. The effect of salmon was maintained for at least 1 mo
after cessation of salmon consumption. sIgA was significantly
lower in the breast milk of women who had consumed salmon
during pregnancy, but this effect was apparent only during very
early lactation and the biological implications are not clear. The
other immune factors measured were not significantly affected

TABLE 5 Relationships between breast milk fatty acids and
immune factors for the total population’

Fatty acid
Immune factor LA ALA AA EPA DHA
sCD14 0.01 -005 0.08 -030f -012
slgA -0.21* —0.18% 0.40t —0.22** 0.05
TGFB1 —0.14 —0.08 0.25** —0.19% 0.04
TGFB2 —0.06 —0.00 0.18 -0.21* 0.05

" Values are partial correlation coefficients. Values were controlled for intervention
group and time PP. *P < 0.05, **P < 0.01, TP < 0.001. AA, arachidonic acid; ALA, a-
linolenic acid; LA, linoleic acid; PP, postpartum; sCD14, soluble CD14; slgA, secretory
IgA; TGFB, transforming growth factor-B.

by salmon consumption. In conclusion, intake of 2 portions of
salmon/wk during pregnancy enhances the percentage LC (n-3)
PUFA in breast milk, so improving the supply of these important
fatty acids to neonates.
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