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Abstract

Results from previous studies on associations between maternal fish and seafood intakes and fetal growth are inconclusive. The aim of the

present study was to investigate how maternal intakes of seafood, subtypes of seafood and supplementary n-3 fatty acids were associated

with infant birth weight, length and head circumference in a prospective study in Norway. The study population included 62 099 parti-

cipants in the Norwegian Mother and Child Cohort Study. The mothers answered an FFQ in mid pregnancy. The FFQ comprised detailed

questions about intake of various seafood items and n-3 supplements. Data on infant birth weight, length and head circumference were

obtained from the Medical Birth Registry. We used multivariable regression to examine how total seafood, various seafood subtypes and

supplementary n-3 intakes were associated with birth size measures. Total seafood intake was positively associated with birth weight and

head circumference. Lean fish was positively associated with all birth size measures; shellfish was positively associated with birth weight,

while fatty fish was not associated with any birth size measures. Intake of supplementary n-3 was negatively associated with head

circumference. The relative risk of giving birth to a small baby (,2500 g) in full-term pregnancies was significantly lower in women

who consumed .60 g/d of seafood than in women who consumed #5 g/d (OR ¼ 0·56 (95 % CI 0·35, 0·88). In conclusion, maternal

seafood consumption was positively associated with birth size, driven by lean fish intake, while supplementary n-3 intake was negatively

associated with infant head circumference.
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Birth weight is considered a marker of intrauterine develop-

ment. It is a strong predictor of infant survival and an indicator

of health status later in life(1–3). Maternal diet and nutritional

status during pregnancy is an important determinant of fetal

growth(4). Seafood is not only a rich source of nutrients such

as marine n-3 fatty acids, vitamin D, iodine and Se, but can

also be a source of pollutants such as methylmercury, As

and polychlorinated biphenyls(5,6). Several observational

studies have reported a positive association between maternal

seafood consumption and fetal growth(7–11). Some observa-

tional studies also associate marine n-3 fatty acid intake with

greater growth measures at birth(12,13). However, other obser-

vational studies have reported negative associations between

maternal seafood and n-3 intake and fetal growth. In the

Danish national birth cohort, intake of fatty fish, but not

lean fish, was negatively associated with fetal growth(14),

while other studies have reported negative associations

between marine n-3 fatty acids from fish(15,16) or fish-oil

supplements(10) and fetal growth measures. These results

might be compatible with a hypothesis that there is a differen-

tial influence by different types and/or constituents of fish and

seafood on fetal growth and birth size(17–19). The negative

association with birth measures has frequently been attributed

to the presence of hazardous pollutants, as fatty fish and

marine n-3 supplements are likely to contain more persistent

organic pollutants than lean fish(10,14,20). The concentrations

of pollutants not only vary among different fish and seafood

species, but also depend strongly on habitat, life stage and

origin(21,22). Further studies of associations between maternal

intake of subtypes of seafood and supplementary marine

n-3 fatty acids and infant birth measures are warranted.

Norwegians traditionally have relatively high fish and sea-

food consumption, especially in the coastal areas, but national

surveys have shown decreasing intakes over the past dec-

ades(23). In general, young women have the lowest fish

consumption. We have previously reported a wide range

of fish and seafood intakes among pregnant Norwegian

women(24,25). An additional source of marine n-3 fatty acids
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is cod-liver oil or fish-oil supplements, which are the most

frequently used dietary supplements in pregnant Norwegian

women(26).

The aim of the present study was to address the hypoth-

esis that different seafood subtypes differentially influence

pregnancy outcomes by examining how maternal seafood

consumption, including intake of lean and fatty fish, shell-

fish and fish liver, and supplementary marine n-3 fatty

acids, was associated with infant birth weight, birth length

and head circumference in a large cohort of pregnant

Norwegian women.

Materials and methods

Population and study design

The data set is part of the Norwegian Mother and Child Cohort

Study (MoBa), initiated by and maintained at the Norwegian

Institute of Public Health(27). The present study was conducted

according to the guidelines laid down in the Declaration of

Helsinki and all procedures involving human subjects were

approved by the Regional Committee for Ethics in Medical

Research and the Norwegian Data Inspectorate. Written

informed consent was obtained from all MoBa participants.

In brief, MoBa is a nation-wide pregnancy cohort that has

included more than 107 000 pregnancies in the years from

1999 to 2009. Women were recruited to the study through a

postal invitation in connection with a routine ultrasound

examination offered to all pregnant women in Norway. The

participation rate in MoBa was 43 %(27). The potential bias

due to self-selection in MoBa has been evaluated. Despite

differences in prevalence estimates between the cohort partici-

pants and the total population of pregnant women, no statisti-

cally relative differences in association measures were found

regarding eight exposure–outcome associations evaluated,

e.g. prenatal smoking and low birth weight (,2500 g),

maternal vitamin use and placental abruption, and parity

and pre-eclampsia(28).

The present study uses the quality-assured data files

released for research in 2009 (version 4). Pregnancy and

birth records from the Medical Birth Registry of Norway

(MBRN) are linked to the MoBa database(29). When preparing

the data set, 76 218 women had answered the MoBa FFQ (Q2),

the baseline MoBa questionnaire covering sociodemographic

information and general health (Q1) and the data were

recorded in MBRN. We included only the first participation

for women with multiple participation in MoBa and women

with singleton births. This led to the exclusion of 12 240

women. Furthermore, we excluded participants with a preg-

nancy duration ,28 weeks or .42 weeks (n 628), if the

birth weight of the baby had not been recorded or if the

birth weight was ,600 g (n 35). We also excluded participants

who had not given birth to a live baby (n 153). Lastly,

we excluded women having improbable energy intakes, i.e.

energy intake ,4·5 MJ or .20 MJ (n 1063), resulting in a

final sample of 62 099 women for the present study (Fig. 1).

Maternal weight gain in pregnancy was available for a

subset of participants who, at the time when the present

data files were released, also had answered a questionnaire

at 6 months post-partum (n 42 907).

Dietary assessment

The MoBa FFQ (available at http://www.fhi.no/dokumenter/

011fbd699d.pdf) was completed around the 22nd week of

gestation and the dietary data were collected from February

2002 and onwards(24). The MoBa FFQ is a semi-quantitative

questionnaire designed to capture dietary habits and intake

of dietary supplements during the first 4–5 months of preg-

nancy. The FFQ included questions about intake of 255

food items with special emphasis on various seafood items.

There are ten questions about cold cuts and spreads made

from fish or shellfish, sixteen questions about fish or shellfish

eaten for dinner and four questions about cod-liver oil,

cod-liver oil capsules or fish-oil capsules.

Nutrient calculations were performed with the use of

FoodCalc(30) and the Norwegian food composition table(31).

The FFQ has been thoroughly validated with regard to nutri-

ents, foods and dietary supplement use(32,33).

Definition of fish and seafood variables and n-3
supplement intake

The daily intakes (g/d) of fish and seafood items were

grouped into four categories. The first category comprised

all items of lean fish eaten as bread spread, dinner fillets or

in a mixed item such as fish fingers or fish au gratin. This cat-

egory included cod, saithe, haddock, pollock, halibut, plaice,

flounder, tuna, perch, pike, cat-fish and fish roe (0·3–6·0 %

76 218 MoBa participants in MBRN
having answered Q1 and Q2

Multiple births (n 1267)

Multiple participation (n 10 973)

Pregnancy duration <28 weeks
or > 42 weeks (n 628)

Birth weight ‘missing‘ or
<600g (n 35)

Not live born (n 153)

Energy intake <4·5 or >20 MJ
(n 1063)

Final study sample (n 62 099)

Fig. 1. Sample selection for the present study for inclusion of participants for

studying fetal growth in Norwegian Mother and Child Cohort Study (MoBa).

MBRN, Medical Birth Registry of Norway; Q1, baseline MoBa questionnaire

covering sociodemographic information and general health; Q2, MoBa FFQ.
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fat). The second category comprised the fatty fish items of

mackerel, herring, salmon and trout (10–24 % fat). The third

category was cod liver (about 60 % fat) either as dinner or

as bread spread (liver and roe pâté). The fourth category

comprised shellfish and included shrimp, crab and mussels

(0·8–2·5 % fat). Cod liver was kept as a separate category

because of its relatively high concentration of persistent

organic pollutants such as polychlorinated biphenyls, dioxins,

various organochlorine pesticides and polybrominated diph-

enylethers(22,34,35). Total seafood was the combined intake of

all fish and seafood items.

When evaluating the association between seafood

consumption and fetal growth, seafood intake was treated as

a continuous variable (g/d) and divided into the following cat-

egories: 0–5, .5–20, .20–40, .40–60 and .60 g/d. These

categories correspond to the categories used in a recent

study from the Danish National Birth Cohort(14). Assuming a

serving size of 140 g, these categories correspond to; rarely,

,1 serving/week, 1–2 servings/week, 2–3 servings/week

and 3 or more servings/week. When seafood was eaten as

bread spread the serving size was estimated as 20–25 g.

The intake (mg/d) of marine n-3 fatty acids from sup-

plements (cod-liver oil, cod-liver oil capsules and fish-oil

capsules) was estimated from the FFQ. Supplementary n-3

was examined as a continuous variable and divided into

three categories, with non-users as one group and consumers

ranked into two groups by their estimated total intake of

EPA, docosapentaenoic acid and DHA from supplements.

Outcome variables

Birth weight, birth length and head circumference were

measured by the midwife who attended the birth and reported

these to the MBRN(29). Data from MBRN also included

information on pregnancy duration. Only observations of

birth length and head circumference falling within a realistic

range were used (35–65 cm for birth length and 25–45 cm

for head circumference), resulting in n 59 595 (96 %) for the

analysis of birth length and n 60 805 (98 %) for the analysis

of head circumference. Infant birth weight was also examined

as dichotomous outcomes, first as birth weight ,2500 g and

second as birth weight .4500 g. These outcomes were only

examined in term pregnancies ($37 weeks), resulting in

n 59 058 (95 %). Both of these outcomes have been associated

with maternal and/or perinatal complications(36,37).

Other variables

We included variables previously shown to be associated with

fetal growth, which were also associated with the consumption

of fish and seafood. Maternal age at delivery was used as a con-

tinuous variable except in Table 1 where is was divided into

four categories (,25, 25–29, 30–34 and 35þ years). BMI was

calculated from self-reported height and weight before the pre-

gnancy and categorized according to the WHO classification

as normal (18·5–24·9 kg/m2), underweight (#18·5 kg/m2),

overweight (25·0–29·9 kg/m2) and obese ($30·0 kg/m2).

Height was divided into quartiles. Parity was based on data

from both MoBa and MBRN and categorized into number of

previous pregnancies of .22 weeks’ duration. Pregnancy

duration (MBRN information) was based on ultrasound and

used as a continuous variable except in Table 1. Other vari-

ables included were total energy intake (continuous), maternal

educational attainment (#12, 13–16 and 17þ years), first

trimester smoking habits (non-smoker, occasional smoker or

daily smoker) and whether the respondent or her partner did

not have Norwegian as their mother tongue. Participants

with unknown/missing values for BMI, height, education or

smoking were grouped in a ‘missing data’ category.

Statistical methods

We used linear regression to calculate P for trend when

examining seafood intake across the ordered categories and

Student’s t test for dichotomous variables. Associations

between seafood consumption and birth weight, birth length

and head circumference were analysed using multiple linear

regression. For the dichotomous outcomes, we calculated

relative risks as OR and controlled for confounding with

multiple logistic regression.

All regression models were adjusted for potential confound-

ing by maternal age, height, BMI, parity, education, smoking

in pregnancy, pregnancy duration, mother tongue other than

Norwegian, total energy intake and marine n-3 intake. The

variance inflation factor test for multicollinearity was well

within limits, indicating that all confounders in the model

could reliably assess their independent contribution.

We examined potential interactions between seafood con-

sumption and other food intakes. No significant interactions

were seen. All models were checked for violations from the

model assumptions.

All analyses were performed using the statistical software

PASW statistics 17 (SPSS, Inc., Chicago, IL, USA) and P,0·05

was considered significant.

Results

Consumption of fish or seafood was reported by 98 % of the

women in this study, with 6 % reporting no consumption of

lean fish, 11 % reporting no consumption of fatty fish, 35 %

no consumption of shellfish and 94 % no consumption of

fish liver. Use of n-3-containing supplements was reported

by 66·5 % of the women.

The average intake was 36 g/d (median 33) of total seafood,

20 g/d (median 19) of lean fish, 12 g/d (median 8) of fatty fish,

4 g/d (median 2) of shellfish and ,0·1 g/d of fish liver. Lean

fish constituted 58 %, fatty fish 31 % and shellfish 11 % of

total seafood consumption.

Seafood contributed on average to 2·9 % of the total energy

intake, 7·2 % of the total protein intake and 4·8 % of the total

fat intake. For comparison, the average intake of meat was

83 g/d and meat contributed 7·0 % of total energy, 17·8 % of

total protein and 12·2 % of total fat intake.

The consumption of seafood, specified as lean or fatty

fish, differed across categories of participant characteris-

tics (Table 1). The consumption of seafood increased with
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increasing maternal age, height, parity, length of education,

energy intake and n-3 supplement use. The intakes of lean

and fatty fish were higher among women in the normal BMI

category than among under- or overweight women, and

higher among non-smokers than smokers. Women with

mother tongue other than Norwegian, or a partner in this

category, had lower intake of seafood, but this only pertained

to lean fish (Table 1).

Table 1. Seafood intake according to maternal characteristics among 62 099 women in the Norwegian Mother and Child Cohort Study, 2002–2008

(Medians and percentiles)

Total seafood* (g/d) Lean fish (g/d) Fatty fish (g/d)

n % Median P5th P95th Median P5th P95th Median P5th P95th

Maternal age at delivery
, 25 years 7333 11·8 29·4 0·5 75·0 16·7 0 47·7 6·3 0 37·5
25–29 years 21 170 34·1 31·8 5·1 74·3 17·6 0 44·8 7·7 0 36·9
30–34 years 26 171 42·1 31·8 5·1 74·3 19·3 1·4 45·7 8·4 0 38·5
$ 35 years 7425 12·0 31·8 5·1 74·3 21·8 2·9 48·2 9·7 0 41·4
P † ,0·001 ,0·001 ,0·001

Maternal height
140–164 cm 16 755 27·0 33·0 4·4 76·8 18·6 0 46·8 7·7 0 38·3
165–168 cm 15 686 25·3 33·4 6·3 76·8 18·8 0 45·9 8·1 0 37·6
169–172 cm 14 774 23·8 33·7 6·6 76·1 18·9 0 45·7 8·3 0 38·1
173þ cm 14 172 22·8 33·6 6·6 76·0 18·8 0 45·0 8·4 0 38·9
P † 0·008 0·662 ,0·001
Missing data 712 1·1 34·1 2·9 80·1 18·5 0 46·6 7·6 0 44·6

Pre-pregnancy BMI (kg/m2)
, 18·5 1809 2·9 33·2 5·1 80·6 18·7 0 46·4 7·8 0 40·7
18·5–24·9 39 653 63·9 33·8 6·6 76·3 19·0 0 45·7 8·3 0 38·1
25–29·9 13 204 21·3 32·5 5·3 74·7 18·4 0 45·6 7·8 0 37·4
$ 30 5777 9·3 32·5 5·3 74·7 17·7 0 47·1 7·6 0 39·5
P † ,0·001 ,0·001 ,0·001
Missing data 656 2·7 33·9 3·3 81·3 18·8 0 48·0 7·4 0 43·4

Parity
Nulliparous 33 061 53·2 31·6 4·6 74·4 17·1 0 44·3 8·0 0 37·4
Multiparous 29 038 46·8 35·4 7·8 78·9 20·7 1·0 47·6 8·2 0 39·2
P † ,0·001 ,0·001 0·004
Missing data 59 0·1 35·0 10·7 65·6 17·2 3·1 39·1 10·9 0 39·5

Pregnancy duration
28–36 weeks 3041 4·9 32·3 3·3 79·1 17·8 0 45·6 7·5 0 41·2
37–38 weeks 10 169 16·4 33·5 5·0 77·6 18·8 0 46·4 8·1 0 38·3
39–42 weeks 48 889 78·7 33·5 6·3 76·1 18·8 0 45·8 8·1 0 38·0
P † 0·102 0·048 0·673

Maternal education
#12 years 19 984 32·2 31·6 3·6 76·3 18·3 0 49·7 7·0 0 39·1
13–16 years 25 833 41·6 33·6 7·4 74·0 18·9 1·2 44·1 8·3 0 37·4
$ 17 years 14 916 24·0 34·6 9·4 75·9 19·2 2·5 44·1 9·1 0 37·8
P † ,0·001 0·014 ,0·001
Missing data 1366 2·2 31·3 3·5 77·2 17·2 0 47·3 7·2 0 39·1

Smoking in pregnancy
Non-smoker 56 399 90·8 33·5 6·5 76·1 18·8 0 45·5 8·2 0 38·3
Occasional 1769 2·8 32·9 2·2 79·0 18·2 0 50·0 7·1 0 35·9
Daily 3480 5·6 32·0 0·6 80·4 18·2 0 50·6 6·2 0 38·8
P † 0·013 0·177 ,0·001
Missing data 451 0·7 34·7 2·0 84·7 18·9 0 46·3 8·3 0 36·0

Mother tongue
Norwegian 58 427 94·1 33·6 6·3 76·3 19·0 0 46·0 8·1 0 38·1
Other than Norwegian 3672 5·9 29·8 2·0 81·0 15·1 0 43·2 8·5 0 40·1
P † ,0·001 ,0·001 0·037

Quartiles of energy intake
4·5–7·9 MJ 15 524 25·0 29·4 3·0 66·2 17·0 0 45·3 6·6 0 27·9
7·9–6·4 MJ 15 525 25·0 32·8 6·5 70·9 18·6 0 44·4 7·9 0 34·2
9·4–11·2 MJ 15 525 25·0 34·6 7·4 75·6 19·3 1·0 45·4 8·7 0 38·9
11·2–19·9 MJ 15 525 25·0 37·3 7·2 90·6 20·1 0 48·5 9·5 0 50·6
P † ,0·001 ,0·001 ,0·001

Supplementary n-3
0 20 820 33·5 32·5 3·3 75·8 18·6 0 47·9 7·2 0 37·4
.0–0·39 g/d 20 628 33·2 32·2 6·8 72·8 18·1 0·9 43·2 7·9 0 36·0
0·40–6·9 g/d 20 651 33·3 35·5 7·7 80·0 19·7 0·8 46·5 9·1 0· 41·0
P † ,0·001 ,0·001 ,0·001

P5th, 5th percentile; P95th, 95th percentile.
* Total seafood comprises lean fish (including fish in products), fatty fish, fish liver and shellfish.
†P for trend or for differences between groups depending on whether categories are ordinal or nominal.
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Women in the highest categories of seafood consumption

had higher consumption of all seafood subtypes as well as

higher intake of supplementary marine n-3 fatty acids (Table 2).

The average (mean) infant birth size measures were 3590

(SD 540) g for birth weight, 50·36 (SD 2·26) cm for birth

length and 35·30 (SD 1·58) cm for head circumference. In the

unadjusted analysis, birth weight increased with increasing

consumption of seafood (Fig. 2). The unadjusted b coeffi-

cients for intake of total seafood and of lean fish were positive

for all birth size measures, while supplementary n-3 was nega-

tively associated with birth weight and head circumference

(Table 3). When adjusting for confounders, the magnitude of

the observed b coefficients decreased for all items except

shellfish. However, the significant positive associations

between total seafood and lean fish and birth weight and

head circumference remained. Likewise, the inverse associ-

ation between supplementary n-3 and head circumference

remained significant (Table 3). The covariates contributing

most to attenuating the associations were parity and preg-

nancy duration, variables with strong independent influence

on the infant birth measures.

Maternal weight gain in pregnancy, which was available for

a subset of participants, was negatively associated with

seafood consumption. Adjusting for gestational weight gain

strengthened the association between intakes of seafood and

lean fish regarding all birth measures (data not shown).

Examining seafood intake by categories of 20 g/d increase

showed that maternal seafood consumption had to be at

least 20 g/d (one serving weekly) to be significantly related

to birth weight and head circumference (Table 3). Examining

n-3 from fish-oil/cod-liver oil supplements by categories

showed that the negative association with infant head circum-

ference was evident in both the low (,0·4 g/d) and the high

($0·4 g/d) intake category (Table 3).

Other dietary variables also influence infant birth size.

We examined whether adjusting for intakes of meat, milk,

coffee or vegetables attenuated the association between sea-

food and birth weight. Including these dietary variables in

the models increased rather than attenuated the b-value for

seafood intake (data not shown). We also examined the

association between the total calculated intake of seafood-

specific nutrients (e.g. iodine and Se) and birth weight.

From the results, it was not possible to attribute the observed

influence of lean fish or total seafood to specific nutrients

(data not shown).

Because the association between seafood consumption and

birth weight may be modified by pregnancy duration, parity,

smoking or age covariates, we also examined the association

after stratifying by influential covariates. The positive associ-

ation between maternal seafood intake and infant birth

weight was consistent in all strata of pregnancy duration,

parity, maternal age, height and BMI, maternal education

and total energy intake. However, the strength of the associ-

ation (b-value) was lower in primparous than in multiparous

women and among women with pregnancy duration ,37

weeks compared with full-term pregnancies (data not shown).

On the basis of the positive association between maternal

seafood consumption and birth weight, we examined the

influence of seafood consumption on the risk of giving birth

to small or large babies in full-term pregnancies (pregnancy

duration $37 completed weeks). In total, 437 (0·7 %) infants

had birth weights ,2500 g and 2526 (4·3 %) had birth weights

.4500 g. The relative risk of giving birth to a small baby

decreased with increasing seafood intake, and was signifi-

cantly lower in women who consumed .60 g/d of seafood

than in women who consumed #5 g/d; adjusted OR ¼ 0·56

(95 % CI 0·35, 0·88). Neither total seafood nor lean fish

consumption increased the risk of giving birth to a large

baby (data not shown).

Table 2. Daily intake of various fish and seafood categories by subtypes of total seafood intake among 62 099 women in the Norwegian Mother and
Child Cohort Study, 2002–2008

(Mean values and standard deviations)

Total
seafood (g/d)*

Lean fish (g/d) Fatty fish (g/d) Fish liver (g/d) Shellfish (g/d)
Supplementary

n-3 (g/d)

n % Mean SD Mean SD Mean SD Mean SD Mean SD

#5 2808 4·5 0·5 1·1 0·5 1·1 0·00 0·0 0·3 0·8 0·47 0·87
.5–20 11 410 18·4 8·2 4·5 4·0 3·5 0·01 0·1 1·9 2·4 0·49 0·81
.20–40 25 013 40·3 18·2 7·4 8·4 6·0 0·04 0·3 3·4 3·7 0·57 0·86
.40–60 15 100 24·3 28·8 10·6 15·5 9·9 0·08 0·6 4·5 5·2 0·63 0·91
.60 7768 12·5 37·9 17·4 33·9 24·1 0·32 1·6 6·9 11·0 0·70 0·97

* The categories correspond to rarely, ,1 serving/week, 1–2 servings/week, 2–3 servings/week and 3 or more servings/week.

5–20

3620

3600

3580

3560

3540

B
ir

th
 w

ei
g

h
t 

(g
)

3520

3500

3480

≤5 20–40 40–60 >60

Total seafood, categories of intake (g/d)

Fig. 2. Birth weight by categories of total seafood intake in 62099 women in the

Norwegian Mother and Child Cohort Study. The values are means and 95% CI.
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Table 3. Impact of seafood consumption on birth weight, birth length and head circumference of infants born to 62 099 women* in the Norwegian Mother and Child Cohort Study, 2002–2008

(b Coefficients and 95 % confidence intervals)

Birth weight (g) Birth length (cm) Head circumference (cm)

Unadjusted Adjusted† Unadjusted Adjusted† Unadjusted Adjusted†

b 95 % CI b 95 % CI b 95 % CI b 95 % CI b 95 % CI b 95 % CI

Total seafood‡ (g/d) 0·66 0·47, 0·85 0·27 0·12, 0·42 0·002 0·001, 0·003 0·000 0·000, 0·001 0·002 0·001, 0·002 0·001 0·001, 0·002

Lean fish (g/d) 1·23 0·92, 1·55 0·45 0·16, 0·65 0·003 0·002, 0·004 0·001 0·000, 0·002 0·002 0·001, 0·003 0·002 0·001, 0·003

Fatty fish (g/d) 0·15 20·16, 0·46 0·04 20·22, 0·26 0·001 20·001, 0·002 0·000 20·001, 0·001 0·000 20·001, 0·001 0·000 20·001, 0·001

Shellfish (g/d) 0·51 20·27, 1·30 0·72 0·10, 1·30 0·001 20·002, 0·005 0·001 20·001, 0·004 0·001 20·001, 0·003 0·001 20·001, 0·003

Fish liver (g/d) 20·09 26·42, 6·24 21·24 26·06, 3·58 20·017 20·043, 0·010 20·017 20·039, 0·004 20·013 20·031, 0·006 20·015 20·031, 0·001

Supplementary n-3 (g/d) 25·42 210·3, 20·52 0·53 23·25, 4·31 20·011 20·030, 0·010 20·009 20·026, 0·007 20·029 20·043, 20·015 20·017 20·029, 20·004

Total seafood in categories

# 5 g/d Referent Referent Referent Referent Referent Referent

. 5–20 g/d 47·7 25·0, 70·0 11·7 25·61, 29·0 0·154 0·059, 0·249 20·016 20·092, 0·059 0·114 0·048, 0·180 0·043 20·014, 0·099

. 20–40 g/d 74·7 53·3, 96·1 20·5 4·03, 36·9 0·269 0·179, 0·359 0·040 20·032, 0·112 0·163 0·101, 0·225 0·055 0·002, 0·109

. 40–60 g/d 82·6 60·4, 105 18·6 1·53, 35·6 0·285 0·192, 0·378 0·028 20·046, 0·102 0·227 0·163, 0·291 0·099 0·043, 0·155

. 60 g/d 87·4 63·7, 111 32·2 14·0, 50·5 0·249 0·149, 0·348 0·028 20·052, 0·108 0·209 0·140, 0·278 0·102 0·042, 0·162

P for trend ,0·001 ,0·001 ,0·001 0·131 ,0·001 ,0·001

Supplementary n-3 (g/d)

No Referent Referent Referent Referent Referent Referent

, 0·39 227·7 238·3, 217·1 22·03 210·4, 6·29 20·35 20·80, 0·009 20·028 20·064, 0·008 20·082 20·114, 20·050 20·036 20·063, 20·009

0·40–6·9 222·8 233·4, 212·2 0·74 27·60, 9·07 20·35 20·79, 0·009 20·032 20·069, 0·004 20·084 20·116, 20·052 20·043 20·070, 20·015

P for trend ,0·001 0·835 0·122 0·086 ,0·001 0·002

* For birth length n 61 387 and for head circumference n 60 805.
† Adjusted for maternal age, height, pre-pregnant BMI, parity, pregnancy duration, maternal education, smoking status, mother tongue other than Norwegian and total energy intake, and with intakes of seafood/seafood items and

supplementary n-3 mutually adjusted.
‡ Total seafood comprises lean fish (including fish in products), fatty fish, shellfish and fish liver.
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Discussion

The main finding in the present study was the positive associ-

ation between infant birth weight and head circumference

with increasing maternal seafood consumption. This associ-

ation was mainly driven by the consumption of lean fish.

Maternal intake of marine n-3 fatty acids through fish-oil/

cod-liver oil supplements was associated with a small but

significantly smaller head circumference of the baby. Signifi-

cantly reduced rates of low birth weight babies (,2500 g)

were found in women who consumed more than 60 g of sea-

food/d as compared to women with no or very low intakes.

The results of the present study did not show negative associ-

ations between maternal consumption of any fish or seafood

items and infant birth weight, length or head circumference.

The finding of a positive association between maternal fish

intake and increase in birth size in the present study is in con-

cordance with other epidemiological studies that reported

increased fetal growth measures with increasing fish

intake(7–10,17). In seemingly contrast to these results, higher

rates of birth weights below the 10th percentile were found

in women who consumed more than 60 g of fish/d than in

women with low fish intake in the Danish national birth

cohort(14). However, the negative associations between fish

intakes and fetal growth measures were only seen for con-

sumption of fatty fish and not for consumption of lean fish.

Similar results from a US cohort also found that marine n-3

fatty acid intake, or fish consumption, was associated with

reduced fetal growth(16). The present study results did not

indicate any association between fatty fish and birth size,

but a small negative influence was observed for supplemen-

tary n-3 in relation to infant head circumference. A significant

negative association between intake of fish oil and infant head

circumference was previously reported among pregnant

women in Iceland(10). Although the clinical importance of

the small negative association between supplementary n-3

and head circumference in the present study is uncertain,

this finding parallels the negative associations reported for

fatty fish or fish oil in the other studies(10,14,16).

It has been suggested that differences observed regarding

maternal seafood consumption and fetal growth might be

indirect evidence of harmful contaminants in fish and can

therefore reflect a true causal pattern(20). Few studies have

examined potential associations between exposure to persist-

ent contaminants and birth size. A Spanish study that showed

increased risk of small for gestational age with high intake of

crustaceans and tuna adjusted the analysis for known contami-

nants in maternal blood (polychlorinated biphenyls and

dichlorodiphenyldichloroethylene), but this did not change

the results(19). Lean fish is the primary source of dietary

exposure to organic Hg and As. In a previous study in

MoBa we showed that blood Hg concentrations were

low(25). Given the consistent positive association between

lean fish consumption and birth weight in the present study

there is no reason to believe that the relatively low dietary

Hg exposure from lean fish consumed in Norway negatively

influence infant birth weight.

When two opposing forces, beneficial nutrients important

for fetal growth and harmful contaminants, coexist in the

same food in varying amount/proportion, the results are

bound to be different in different populations(20). Large differ-

ences in terms of seafood and supplementary n-3 consump-

tion exist between countries and even within the same

country. Despite a decrease in fish intake over the past

decades, a higher proportion of women in our study reported

intakes .60 g/d (12·5 %) than those in the Danish cohort

(5·6 %)(14). In addition to differences in patterns of consump-

tion, the concentrations of nutrients and contaminants in var-

ious seafood items depend on whether these are farmed or

wild(21), and for wild species also with origin and depth(22).

The concentration of organic pollutants in Norwegian

farmed fish has been reduced over the last years and are

now lower than that in wild fish(21). Even the cooking method

has been shown to influence the concentration of persistent

organic pollutants in seafood(38,39). The concentrations of

organic pollutants in Norwegian commercial cod-liver oil/

fish-oil supplements have also been substantially reduced

over the last decades, as improved methods to remove con-

taminants were introduced during the 1990s(40). However,

not all contaminants are or can be fully removed(41,42).

The main strength of this study is the large sample of

pregnant Norwegian women. MoBa is a pregnancy cohort

representing women with wide ranges of seafood intake,

age, BMI, height and socioeconomic status. Seafood consump-

tion was assessed with a detailed FFQ that was developed and

validated for use in pregnancy(24). A limitation of the present

study is that the FFQ was answered in mid pregnancy and

covered a time period that for many women has been

biased by nausea and may not reflect the dietary intakes

later in pregnancy. This may have influenced the reported

dietary intakes and is likely to attenuate the observed associ-

ations. Furthermore, fish and seafood intakes, as well as n-3

supplement use, were higher in women of older age, non-

smokers and those with higher educational attainment

(Table 1). We reduced the possibility of confounding by

adjusting for a number of relevant factors. Adjusting for

parity, maternal age, smoking, and other maternal factors

markedly attenuated the associations between seafood con-

sumption and birth size measures (Table 3). Still, the associ-

ations between seafood and lean fish remained consistent,

but we cannot rule out the possibility that residual or unmea-

sured confounding may still exist. Many variables influence

fetal growth. Gestational weight gain has a strong influence

on birth weight(43). Adjusting for gestational weight gain in a

subset of our study population strengthened the positive

association between seafood and lean fish on infant birth

weight. This finding is in accordance with the results reported

from Iceland(10) and France(17). We also examined whether

other independent dietary variables biased the association

between maternal seafood consumption and fetal growth.

For comparison, meat intake contributed more to the total

intake of protein and energy than seafood, but adjusting for

meat, milk or other dietary factors did not attenuate the associ-

ations between seafood or lean fish and birth weight. This

indicates that the observed associations between maternal
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seafood intakes and birth weight cannot easily be explained

by the overall dietary behaviour in fish consumers.

In observational studies such as this, applying the Hill

criteria for assessing disease causation can give further insight

into the nature of the relation found(44). The magnitude

(strength criteria) of the association between seafood intake

and birth weight was consistent in all strata of maternal

characteristics. Information about seafood consumption pre-

ceded delivery (temporality criteria). A biological mechanism

(plausibility criteria) underlying the positive association

between seafood and birth weight is not obvious. In the pre-

sent study, it was not possible to attribute the influence to

specific nutrients or constituents. The health benefits of fish

consumption documented in human studies (e.g. reduced

risk of CHD mortality) are mostly related to consumption of

species with a high content of n-3 fatty acids(45). The associ-

ations between maternal seafood consumption and infant

birth measures observed in the present study are unlikely to

be explained by marine n-3 fatty acids because consumption

of lean fish seemed to be the driving force of the association

(Table 3). One possible explanation may be the composition

of protein in fish. Bioactive peptides released from proteins

upon intestinal digestion may modulate specific physiological

functions in the human body(46). We were not able to calculate

concentrations of specific amino acids in this study, but exper-

imental studies have shown that fish proteins fed to pregnant

rodents have beneficially influenced insulin resistance and

blood pressure in the offspring(47,48). If the association

stands true, and whether the increased birth weight is due

to the special composition of fish proteins or other substances

or a combination of these, remains to be seen.

In conclusion, this study indicated a consistent increase in

infant birth weight and head circumference with increasing

maternal seafood consumption and that this association was

mainly driven by lean fish. Maternal intake of marine n-3

fatty acids through fish-oil/cod-liver oil supplements was

associated with a small decrease in head circumference.

These results corroborate the present dietary recommendation

to pregnant Norwegian women, which is to include fish and

seafood as part of a balanced diet, but to eliminate or avoid

highly polluted items such as fish liver. The coexistence of

persistent chemical pollutants and essential nutrients in natural

foods such as seafood is a serious problem, and more studies

are warranted to further disentangle the interplay between

nutrients and contaminants in nutritional epidemiology.
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