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SUMMARY
Information on the status of long chain polyunsaturated fatty acids (LC-PUFA) in pregnancy and
breast milk in very high fish eating populations is limited. The aim of this study was to examine
dietary intake and changes in fatty acid status in a population of pregnant women in the Republic of
Seychelles. Serum docosahexaenoic acid (DHA) decreased significantly between 28 weeks gestation
and delivery (n=196). DHA status did not correlate significantly with length of gestation and was
not associated with self reported fish intake which was high at 527 g/wk. In breast milk, the ratio of
DHA to arachidonic acid (AA) was consistent with those observed in other high fish eating
populations. Overall the data suggest that high exposure to LCPUFAs from habitual fish consumption
does not prevent the documented decrease in LCPUFA status in pregnancy that occurs as a result of
fetal accretion in the third trimester of pregnancy.

INTRODUCTION
The long chain polyunsaturated fatty acids (LCPUFAs) docosahexaenoic acid (DHA; 22: 6n
−3) and arachidonic acid (AA; 20: 4n−6) are important structural fatty acids in neural tissue,
especially brain and retina [1–2] In pregnancy there is an increased demand for DHA and AA
as a result of increased accretion of placental and fetal tissue. [3] This is of particular
significance in the third trimester when fetal brain growth is at its greatest. [4–5] The increased
fetal demands for LCPUFAs are indicated by a concomitant decrease in concentrations of DHA
and AA in the maternal circulation as pregnancy progresses. [6–8]

Definitive fetal requirements for LCPUFAs for optimal development are not known. It has
been estimated that in the last trimester, when fetal uptake of DHA is at its peak, the average
fetal accretion is 50 – 60 mg of n−3 LCPUFA a day, most of this is DHA. [5] However, this
is likely an underestimation as a total figure of 6–7 g has been estimated as the net fetal accretion
of DHA in the last trimester. [9] Although total maternal requirements for LCPUFA during
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pregnancy are not clear, it has been estimated that pregnant women may need to consume as
much as 300mg/d to provide for the additional requirement owing to increased fetal accretion.
[10]

Intervention studies have shown that fish oil supplementation or increased intakes of oily fish
increase DHA status of both the mother and fetus [10–13]. This increase in LCPUFA status is
reported to produce improvements in physiological outcomes, such as reducing the risk of
preeclampsia, [14–15], and enhancing cognitive development and visual acuity in infants
[16] and reducing the incidence of cardiovascular disease in adults. [17–18] Other reported
benefits of higher LCPUFA intake during pregnancy include a positive association with
gestation length [19] and neonatal birth weight. [20–21]

Recommendations for LCPUFA intake during pregnancy are available [22–23], and usually
given as either a % of total fat intake or a recommendation for number of fish portions to be
consumed per week. However, recommendations for total fat intake and subsequent LCPUFA
intake are not standardised. Combined with variability in what constitutes an average portion
of fish, the differing amounts of LCPUFAs in different fish species and a lack of knowledge
concerning precise amounts of LCPUFA required for maternal health and optimal fetal
development, means that guidelines are at best vague, and at the worst confusing.

The aim of the current study was to assess the alterations of serum fatty acids during pregnancy,
and to examine fatty acid content of breast milk in women living in the Republic of Seychelles,
an archipelago in the Indian Ocean, as part of the Seychelles Child Development Nutrition
Study (SCDNS). Although the Seychellois have been reported to habitually consume a diet
high in fish, dietary intake and nutritional status in this population have not been assessed.
Associations between fatty acid status, gestation length and birth weight were also examined.

MATERIALS AND METHODS
Subjects

A total of 300 pregnant women were recruited between August and December, 2001 from nine
antenatal clinics on Mahé, the main island of the Republic of Seychelles. Attendance at
antenatal clinics in Seychelles is typical for all pregnant women and at their first antenatal visit,
women were invited to participate in the study and those who consented were enrolled. With
an average annual birth rate of 1464 between the years of 2001 to 2006, the sample size recruited
represented approximately one fifth of all pregnancies that year in Seychelles. Participants
completed a number of questionnaires requesting information on socioeconomic, demographic
and health and lifestyle factors. Inclusion criteria were: aged over 16y, resident on Mahé, and
native born Seychellois. Subjects were excluded if they were vegetarian, or if they had a serious
medical illness such as insulin dependent diabetes, toxaemia with seizures, or a haematological
disorder such as thalassemia or sickle cell anaemia. The study was reviewed and approved by
the Research Subjects Review Board in Seychelles and the appropriate Research Subjects
Review Boards of the other collaborating partners.

Blood and breast milk sample collection
Non-fasting blood samples (30 ml) were taken from mothers at 28 weeks gestation, and again
one day after delivery. Samples were collected by anticubital venepuncture into evacuated
serum tubes, placed on ice and allowed to sit for 30 minutes prior to being centrifuged at 2500
rpm for 15 minutes. Samples were then aliquoted and stored at −80°C until analysis. Breast
milk samples were collected at one month postpartum into 50 ml containers and frozen at −80°
C until analysis. Samples were accompanied and transported to the University of Ulster on dry
ice and analysed at the University of Ulster.
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Anthropometry
All measuring equipment in each of the participating antenatal clinics and maternity wards
were calibrated prior to initiation of the study, and regularly throughout the project, by the
Seychelles Bureau of Standards. Maternal height and weight were measured by trained nurses
at enrolment into the study and used to calculate maternal BMI.

Fatty acid analyses
Total lipids were extracted from serum and breast milk samples using a modified method of
Folch et al. [24] Two internal standards (Sigma Aldrich Co Ltd, Poole, Dorset, UK),
heptadecaenoic acid (C17:0) and heneicosanaenoic (C21:0) were added to the samples prior
to extraction. Lipid extracts were esterified with boron trifluoride in methanol (Sigma Aldrich
Co Ltd). Samples were flushed with nitrogen at all stages of extraction and esterification. Fatty
acid methyl esters were analysed and quantified using a ThermoFinnegan TRACE MS with
Xcalibur software (Thermofinneigan, Hemel Hempstead, UK) with 30m FAMEWAX (Restek
Ireland, Belfast, UK) capillary column with an internal diameter of 0.25mm and a 0.25-μm
film thickness. Run conditions involved a starting oven temperature of 120°C which was
ramped at 7°C a minute up to a final temperature of 220°C where it was held for 20 minutes.
Samples were run using split injection techniques with an injector temperature of 250°C, a
source temperature of 250°C and a detector temperature of 220°C. Optimisation of the method
included determination of the linearity of the detector response to the various fatty acids.
Quantitative precision and identification of the individual fatty acids was confirmed using
commercially available standards (Sigma Aldrich Co Ltd).

Fish analyses
Samples of fifteen of the most commonly consumed fish in Seychelles were collected by the
Seychelles Bureau of Standards. Samples were stored at −80°C and transported in dry ice to
the University of Ulster. The main macronutrient content of fifteen species of fish and n−3 and
n−6 composition of six of the fifteen species of fish were analysed by CCFRA Technology
Ltd, Chipping Campden, UK. The data from these analyses were incorporated into the dietary
database WISP version 2.0 (Tinuviel Software, Warrington, UK).

Dietary assessment
At 28 weeks gestation, subjects completed a Food Use Questionnaire (FUQ) devised
specifically for this study to ascertain retrospectively intakes of fish and fish products in the
two weeks prior to their visit to the antenatal clinic. Detailed dietary information was also
collected from each subject by means of a 4d semi-quantitative diet diary (two consecutive
week days and two weekend days). Following conversion to gramme weights, food intake data
were analysed using the nutrient database package WISP version 2.0 (Tinuviel Software,
Warrington, UK), which was supplemented with food composition and recipe data for foods
consumed in Seychelles.[25–26] In addition, the basic nutrient composition of the fifteen most
commonly consumed fish were analysed and entered into the database.

Statistics
All data were analysed using the SPSS 12.0 for Windows statistical package (SPSS Inc.,
Chicago, IL). Data for all variables were tested for normality and adjusted where necessary.
All fatty acid data were log transformed prior to statistical analysis. Change in fatty acid status
from 28 weeks gestation to delivery was analysed using mixed model analysis adjusting for
maternal age, maternal BMI, length of gestation and parity. Associations among DHA and AA
status and neonatal anthropometric outcomes were analysed using linear regression, adjusting
for maternal age, maternal BMI, parity, sex of infant and length of gestation. Bivariate
correlations were used to examine for relationships among DHA concentrations in maternal
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serum at 28 weeks gestation, DHA concentrations in breast milk at one month postpartum and
dietary fish intake. A significance level of p < 0.05 was used to evaluate all statistical outcomes.

RESULTS
Of the original 300 subjects recruited, 24 did not complete the study because of miscarriage,
neonatal death or delivery overseas. Among the remaining 276 subjects complete data sets
were available for 196 subjects to determine alterations of fatty acid status in pregnancy (28
weeks gestation and delivery). There was no significant difference with respect to maternal
height, weight, BMI and dietary intake between the 276 mothers who delivered babies and
those included in the final analysis (n = 196). This was also true for anthropometric outcomes
of the neonates. For breast milk analyses 166 mothers were included. Dietary data was available
for 195 of the 196 subjects.

Anthropometry
Mean (SEM) age, height and BMI of subjects are presented in Table 1 along with information
on neonatal anthropometry. Maternal BMI was positively associated with parity (r = 0.179; p
= 0.012). Mean (SD) neonatal weight (3241.5g ± 504.1) was significantly associated with
length of gestation (r = 0.320; p = 0.000) and age of the mother at enrolment (r = 0.170; p =
0.017). Neonatal length (50.3 cm ± 3.2) was positively associated with length of gestation (r
= 0.292; p = 0.000).

Dietary data
Mean (SD) daily energy intake (n = 195) at 28 weeks gestation was 8865.1 (179.5) kj or 2109
kcal (586) Results from the FUQ indicated a high fish intake with volunteers consuming on
average nine fish containing meals a week. The most commonly consumed fish was karang
(Carangoides fulvoguttatus) in both the diet diaries (32% of all fish consumed) and FUQ. Mean
(SD) weekly intake of fish was 526 (327) g/wk. Average fish composition (mean ± SD) in
terms of total fat was 2.58 (1.36) g/100g fish. Contribution (%) of AA, EPA and DHA to total
fat were 3.32 (1.56), 3.22 (1.44) and 16.21 (5.43) g/100g fat respectively based on chemical
analysis of six commonly consumed fish in Seychelles.

Fatty acid results
Fatty acid status was assessed as total serum fatty acids because in the maternofetal unit,
LCPUFAs which are transferred across the placenta are reported to originate from maternal
triglycerides and free fatty acids [27–28], not from phospholipids. Participants with complete
serum fatty acid compositional data at 28 weeks gestation and delivery were included in the
analyses (n=196). A subset (n = 166) of the 196 subjects donated breast milk (at one month
post partum) for fatty acid analyses. Fatty acid composition of serum and breast milk are
presented as a % of weight by total (Table 2). There was a significant decrease (11.9 %) in
DHA concentration between 28 weeks gestation and delivery (p = 0.003). AA status (%) also
decreased between 28 weeks and delivery, whereas status of the saturated fatty acids capric
acid (10 : 0), and lauric acid (14 : 0), increased. After adjusting for parity, however, these
differences were not significant.

In breast milk, mean DHA (% of weight by total) were 0.31 % and a 1:1 ratio between DHA:AA
concentrations was observed. The concentrations of shorter chain fatty acids such as lauric and
myristic were higher in milk samples than serum, while the concentration of the LCPUFAs,
AA and DHA were higher in serum.

A significant positive correlation was observed between DHA status at delivery and parity,
after adjusting for maternal age, length of gestation and maternal BMI. Higher DHA
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concentrations were observed in mothers with more than one child (p = 0.04; data not shown).
No relationship was observed, however, between DHA status at delivery and gestational length
(p = 0.833), nor with neonatal birth weight and length (p = 0.878, p = 0.296 respectively) after
controlling for maternal age, maternal BMI and length of gestation. Fish intake (g/wk) was not
associated with maternal serum DHA status (mg/ml) at 28 weeks or with breast milk DHA
concentration (mg/ml) at one month postpartum (Figs. 1 and 2). No association was observed
between DHA status in serum samples at 28 weeks gestation and breast milk at one month
postpartum (Fig. 3).

DISCUSSION AND CONCLUSIONS
This paper reports dietary intakes during pregnancy and maternal serum fatty acid
concentrations and breast milk in a sample of pregnant women, in the Republic of Seychelles
where habitual fish consumption is high.

We found that the fatty acid composition of serum from pregnant women in the Seychelles
who consume fish daily to be similar to that observed for other populations. [29] The
concentration of both maternal DHA and AA in serum fell between 28 weeks gestation and
delivery; a decrease that remained significant for DHA after adjusting for confounding factors.
This fall has been observed in other studies [7–8] and is believed indicative of increased
accretion of LCPUFAs for the development of neural tissue by the fetus. DHA status in
maternal serum phospholipids has been observed to be lower in multiparous than in
primiparous women. [30] This inverse association has been attributed to the delay (up to six
months post partum) for LCPUFA status to return to pre-pregnancy levels. [31] In contrast,
we observed a positive association between parity and serum DHA. This finding is partly
supported by Dunstan et al, [12] who observed no association between parity and LCPUFA
status of erythrocyte phospholipids in women supplemented with fish oil and concluded that,
if adequate LCPUFAs are available from the diet, DHA depletion associated with pregnancy
can be avoided. Postnatal rapid repletion of maternal DHA status may have benefits for children
born from subsequent pregnancies.

We did not find any association between maternal DHA status and the length of gestation, a
finding which has previously been reported in both observational and intervention studies
[32–33]. Furthermore, we found no evidence of the previously reported association between
maternal DHA status and neonatal birth weight. [19] However, our findings are in agreement
with other observational [34] and n-3 PUFA intervention studies [14,35–36] and supported the
conclusions of Desci & Koletzko [37] who after reviewing the literature concluded that no
unequivocal effect of LCPUFA status was evident. We speculate that associations among DHA
status and neonatal outcomes may only be evident in populations where DHA status is limiting
and may not be apparent in populations such as the current one where fish (and thereby DHA)
intake are high.

Fish consumption in the Seychelles is high compared to other populations. In the UK, average
fish consumption is 140 g/week.[22] In the Seychelles the mean weekly intake of fish was 527
g. Recommendations for fish intake in pregnancy are generally based on obtaining adequate
intakes of n−3 PUFAs but concerns of adverse effects of prenatal methylmercury exposure
have lead to stringent guidelines being set. The UK Scientific Advisory Committee on Nutrition
[22] base their recommendations on consuming not more than 2 ×140 g portions of oily fish
per week (rich in n-3 PUFAs) whereas the US FDA and US EPA jointly recommend not more
than 2 × 170 g portions of fish (low in mercury) a week for pregnant women.[23] A recent
publication by Hibbeln at al [38] found no evidence to support the US advisory on fish intake
in pregnancy. In a large cohort of pregnant women (n = 11875) low fish intake (< 340 g/week)
did not protect against adverse outcomes. Conversely, fish consumption exceeding 340g/wk
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was associated with beneficial effects on child development. The population in Seychelles
currently exceeds both thee UK and US recommendations, albeit fish consumption is declining.
Changes in the traditional diet have been observed in Seychelles with a two fold increase in
the per capita consumption of eggs and chicken and a three fold increase in processed meats
between 1983 and 1992 leading to a 36 % decrease in fish intake per capita.[39] In keeping
with this trend we did observe a significant correlation between age of mother and dietary fish
intake (data not shown) with younger mothers consuming less fish.

Dietary fish intake, as estimated from the food diaries, did not correlate with LCPUFA status
in either maternal serum or breast milk. These findings are supported by recently published
work demonstrating no relation between concentrations of n−3 fatty acids in serum and total
dietary fish intake [40] in non-pregnant volunteers and are in agreement with other studies in
high fish consuming populations.[41] It is highly likely that fatty acid status in pregnant women
is influenced by a number of physiological pregnancy related factors, not least fetal
requirements, so it is perhaps not surprising that such associations were not evident.
Measurement error from self-reporting of habitual diet is also a potential confounding factor
although the reporting error, if any, associated with estimating portion sizes would likely have
been consistent between subjects as only one trained nutritionist at the was responsible for the
interpretation and entry of dietary data.

The concentrations of the various fatty acids observed in breast milk at one month postpartum
were similar to those reported in other populations. A comparative study of breast milk samples
from diverse populations reported concentrations of the saturated and monosaturated fats
similar to those observed in the Seychelles. In this comparative study the DHA concentration
of breast milk varied between 0.17 and 0.99 % with the highest DHA status evident in high
fish eating populations from Asia. [42] A recent metaanalysis incorporating 106 studies
reported a mean DHA content of breast milk of 0.32 %, remarkably similar to the average of
0.31% observed in this study. [43] The 1:1 ratio of AA to DHA observed in breast milk from
Seychellois women is in keeping with a previous study undertaken in Tanzania.[44] The
authors of that study attributed their finding to the high fish consumption of the population. In
contrast, studies in populations with lower fish intake report that the ratio of AA : DHA
approaches 3:1 in breast milk.[45–46] Whilst there is no gold standard defining optimal fatty
acid status in formula milk, typical recommendations for term infants are AA ≥ 0.35 % and
DHA ≥ 0.2%.[47] Mean concentrations of AA and DHA in the breast milk of Seychellois
women are 0.29 % and 0.31 % respectively. Thus, breastfed infants born to Seychellois women,
who habitually consume a high fish diet, are receiving a DHA : AA ratio similar to that
recommended for optimal development.

In conclusion, we report that even with high fish consumption, fetal accretion is so great that
maternal status of DHA declines during the later stages of pregnancy. However, our results
indicate that the n-3 : n-6 ratio in breast milk is high, which may exert potentially beneficial
effects on cognitive development of breast fed children in Seychelles. Furthermore, our
findings contribute to the ongoing debate on the influence of fatty acid status on gestational
length and neonatal outcomes by the observation that in our high fish eating cohort fatty acid
status is not a significant determinant of gestational length and neonatal anthropometric
outcomes.
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Fig 1.
Correlation of estimated fish intake (g/wk) with serum DHA status (mg/ml) at 28 weeks
gestation
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Fig 2.
Correlation of estimated fish intake (g/wk) with DHA status (mg/ml) in breast milk at one
month post partum
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Fig 3.
Correlation of DHA concentration in serum at 28 weeks gestation with DHA concentration in
breast milk at one month postpartum (n=166)
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Table 1
Maternal (enrolment) and infant characteristics

Subject Characteristics(n = 196) Mean SD

Maternal characteristics at enrolment
Age (y) 26.98§ 6.38
Weight (kg) 67.00 17.20
Height (m) 1.60 0.07
BMI (kg/m2) 26.07* 6.64
Weeks gestation (wk) 13.20 4.08
Parity (n) 2.33* 1.54
Infant characteristics at delivery
Gestational age (wk) 38.74†‡ 1.36
Weight (g) 3241.50†§ 504.13
Length (cm) 50.81‡ 3.19
Head circumference (cm) 33.48 1.43

*†‡§
Mean values with like symbols are significantly and positively associated
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Table 2
Fatty acid (%) in serum and breast milk from Seychellois women

Fatty acids(% by weight of total) 28 weeks serum Mean
(SD)

Delivery serum Mean (SD) One month breast milk
Mean (SD)

10:0 (capric) 0.23 (0.05) 0.29 (0.13) 1.71 (1.00)
12:0 (lauric) 0.21 (0.16) 0.23 (0.24) 5.68 (1.34)
14:0 (myristic) 2.13 (0.75) 2.11 (1.61) 8.68 (2.28)
16:0 (palmitic) 34.80 (4.18) 35.31 (4.09) 21.57 (2.67)
16:1 (palmitoleic) 2.68 (1.23) 2.83 (0.75) 3.38 (1.15)
18:0 (stearic) 8.19 (2.03) 8.21 (1.80) 10.14 (1.26)
18:1 (oleic) 19.08 (2.86) 20.66 (3.03) 32.30 (3.17)
18:2n−6 (linoleic) 29.24 (3.82) 27.12 (3.62) 15.77 (3.19)
18:3n−3 (αlinolenic) 0.04 (0.01) 0.04 (0.02) 0.10 (0.06)
20:4n−6 (arachidonic) 2.58 (0.52) 2.47 (0.56) 0.29 (0.13)
20:5n−3 (eicosapentaenoic) 0.08 (0.06) 0.07 (0.06) 0.02 (0.02)
22:6n−3 (docosahexaenoic) 0.76 (0.23) 0.65 (0.20)* 0.31 (0.20)

*
significantly different from 28 weeks gestation (p < 0.05) after adjusting for maternal age, parity, and BMI.
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