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Diet matters, particularly in pregnancy —
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ABSTRACT

Awareness that maternal diet may influence the outcome of pregnancy as well as the long-term health of mother
and child has increased in recent years. A new food frequency questionnaire (FFQ) was developed and validated
specifically for the Norwegian Mother and Child Cohort Study (MoBa). The MoBa FFQ is a semi-quantitative
tool which covers the average intake of food, beverages and dietary supplements during the first 4 to 5 months
of pregnancy. It includes questions about intakes of 255 foods and dishes and was used from 2002 onwards.
Data assessed by the MoBa FFQ is available for 87,700 pregnancies. Numerous sub-studies have examined
associations between dietary factors and health outcomes in MoBa. The aim of this paper is to summarize the
results from 19 studies of maternal diet and pregnancy outcomes, which is the complete collection of studies
based on the MoBa FFQ and published before September 2014. The overall research question is whether mater-
nal diet — from single substances to dietary patterns — matters for pregnancy outcome. The pregnancy outcomes
studied till now include birth size measures, infants being small and large for gestational age, pregnancy
duration, preterm delivery, preeclampsia, as well as maternal gestational weight gain and postpartum weight
retention. As a whole, the results from these studies corroborate that the current dietary recommendations to
pregnant women are sound and that maternal diet during pregnancy is likely to contribute to reduce the risk of
pregnancy complications including preterm birth, preeclampsia, and reduced foetal growth. The results provide
supporting evidence for recommending pregnant women to consume vegetables, fruit, whole grain, fish, dairy,
and water regularly and lower the intake of sugar sweetened beverages, processed meat products and salty
snacks. The results showing negative impact of even low levels of environmental contaminants support the
precautionary advice on consumption of foods containing these. New findings are that particularly lean fish
explained the positive association between seafood intake and foetal growth, and the indications of a protective
effect of probiotic and antimicrobial foods on pregnancy outcomes. This points to the importance of diet
composition for a healthy gut flora and the body’s immune response. Although these studies are observational
and cannot infer causality, the results identify diet as an important modifiable lifestyle factor, suggesting that
healthy eating, defined as following the official recommendations, is particularly important in pregnancy.

This is an open access article distributed under the Creative Commons Attribution Licence, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

INTRODUCTION expression of genes, hormone levels, inflammation and

the nervous system (1,2). During the last decades there
Diet impacts all systems of the body, including the  has been increased understanding that the maternal
foetus, and can modulate different functions far be- diet directly affects the growing foetus and influences
yond the levels that are connected to malnutrition, e.g. health risks later in life (3-6). This also includes food-
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borne harmful components, e.g. environmental con-
taminants, to which the foetus may be particularly
susceptible (7,8). Consequently, monitoring of dietary
intake has become an integral part of pregnancy and
birth cohort studies.

The Norwegian Mother and Child Cohort Study
(MoBa) is a prospective population-based pregnancy
cohort study conducted by the Norwegian Institute of
Public Health. Participants were recruited from all over
Norway from 1999-2008. The women consented to
participation in 40.6% of the pregnancies. The cohort
includes 114,500 children, 95,200 mothers and 75,200
fathers. The basic planning of MoBa was not made on
the basis of any single hypothesis or even any set of
hypotheses; the strategy was to collect data on as many
relevant exposures and health outcomes as feasible (9).
With regard to diet, this implied to cover as many
aspects of the diet as possible. We were given the
opportunity to develop and validate a food frequency
questionnaire (FFQ) tailored for the MoBa study and
to be answered during pregnancy. The response rate
for the FFQ was 90.4%.

The relationship between diet and health can be exa-
mined at the level of single substances e.g. nutrients or
contaminants, at the level of foods or food groups, e.g.
fish and milk products, or by exploring dietary patterns.
The analysis of dietary patterns provides a broader
view of dietary behaviour than analyses of single foods
and substances by taking into account that foods and
nutrients are consumed in combinations (10). Dietary
patterns can be extracted based on a-priori definitions,
e.g. scores on a healthy eating index, or by data-driven
techniques that groups together correlated food varia-
bles and thereby identifies underlying patterns in the
data (11).

The MoBa FFQ has so far been used to study mater-
nal diet in more than fifty scientific publications, some
descriptive (e.g. 12-14), some testing hypotheses rela-
ted to pregnancy outcomes (15-33), some testing hypo-
theses related to later health outcomes in mothers and
children (e.g. 34-37), and some in which dietary fac-
tors were included as predictors or confounding varia-
bles (e.g. 38-42). The aim of the present study is to
summarize the complete collection of studies in MoBa
published before September 2014 which examined
maternal diet (based on the MoBa FFQ) and pregnancy
outcomes, focusing on foetal growth measures, pre-
eclampsia, preterm delivery, gestational weight gain
and maternal weight retention. The overall research
question is whether maternal diet — from single
substances to dietary patterns — matters for pregnancy
outcomes and whether new knowledge has emerged
from these dietary studies in MoBa.

METHODS

The MoBa FFQ (downloadable from www.fhi.no/
dokumenter/011fbd699d.pdf) is a semi-quantitative
questionnaire and was designed to capture dietary
habits and intake of dietary supplements during the first
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4-5 months of pregnancy. It asked women at gestatio-
nal week 17-22 about their average intake of 255 food
items, including food items known to contribute to
exposure to environmental contaminants, e.g. rare food
items such as fish liver and seagull eggs. The metho-
dological challenges when developing the MoBa FFQ
have been described in detail (43). The questionnaires
were optically read and food frequencies were conver-
ted into food and nutrient intakes using FoodCalc (44)
and the Norwegian food composition table (45). We
established a database for the amount of nutrients con-
tributed by dietary supplements and databases for food
concentrations of substances not included in the natio-
nal food table, e.g. dioxins and polychlorinated biphe-
nyls (PCBs), mercury, acrylamide, benzo(a)pyrene
(B(a)P), and caffeine. Parallel to the implementation of
the FFQ in March 2002, a validation study was carried
out in 119 MoBa participants using a 4 day weighed
food diary and biological markers of intake as refe-
rence measures. The validation study showed that the
FFQ enables reasonable ranking of the participants’
diet according to major food groups and nutrients (46-
49) as well as nutrient intakes through dietary supple-
ments (50).

In the studies summarized in this paper, some iden-
tified dietary patterns based on & priori definitions, and
some by principal component analysis. Statistical mo-
delling of associations between dietary exposures and
pregnancy outcomes have been conducted using linear
and logistic bivariate and multinomial regression mo-
dels, making it possible to take into account a number
of known risk factors and potential confounding fac-
tors. Most outcomes, e.g. preeclampsia and preterm
delivery, are relatively rare so that odds ratios (OR)
were interpreted as relative risks. For studying preterm
delivery we also used hazard ratios (HR) with gesta-
tional length as the time to event. All risk estimates
reported in the results sections below are multivariate
adjusted estimates. Participant numbers in the sub-
studies differ because updated versions of the data-
files were released and because study-specific inclu-
sion and exclusion criteria were defined. The discus-
sion of adjustment variables in each of the studies was
considered beyond the scope of this paper.

RESULTS

This paper summarizes the results from 19 studies of
maternal diet and pregnancy outcomes in MoBa. The
results have been organized by pregnancy outcome. Stu-
dies that examined more than one pregnancy outcome
are summarized with regard to all relevant outcomes.

Maternal diet and infant size at birth

Birth weight is considered a marker of intrauterine de-
velopment and is a strong predictor of infant survival
and an indicator of health status later in life (51,52).
Birth weight is strongly dependent of gestational
length, and the outcomes “small for gestational age
(SGA)” and “large for gestational age” (LGA) refer to
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infants whose size and weight is less than or above the
average range for infants of the same gestational age.
Both SGA and LGA children are at greater risk of
developing type 2 diabetes and cardiovascular disease
later in life (53). Eight studies have investigated
maternal dietary factors in relation to infant birth size
(Summary Table 1).

No statistically significant associations were found
for maternal intake of folate from food, folic acid from
dietary supplements or maternal plasma folate concen-
tration with infant birth weight, length, head circum-
ference, or risk of SGA defined as infant birth weight
below the 10th percentile within strata of infant gender
and gestational age using national reference data. The
study sample comprised 2,936 mothers who delivered
singleton babies (15).

Calculated total maternal caffeine intake as well as
caffeine intake from individual sources were consis-
tently associated with lower birth weight and increased
risk of SGA. The study sample included 59,123
healthy mothers who delivered singleton live babies.
Caffeine intake was assessed by the FFQ as well as by
the questionnaires answered in early and late preg-
nancy. There was no major difference regarding the
association for caffeine intake during different periods
of pregnancy. The association between caffeine and
lower birth weight was strengthened by concordant
results for caffeine sources, time of survey and diffe-
rent SGA definitions (16). The results did not indicate
any threshold for an effect of caffeine on birth weight
or SGA. For intakes of 200-300 mg caffeine/day com-
pared with 0-50 mg/day, total caffeine was associated
with 8 to 21 g lower expected birth weight and increased
risk of SGA ranging from 30 to 60% (ORs ranging from
1.3 to 1.6), depending on choice of growth curve (16).

Maternal 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 (17). The study sample comprised 62,099
mothers who delivered singleton live babies. Intake of
supplementary n-3 was not associated with birth
weight and 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
seafood per day (corresponding to 3 or more servings
per week) than in women who rarely consumed (0-5
g/day) seafood; OR=0.56 (95% CI: 0.35, 0.88). How-
ever, seafood consumption did not increase the risk of
giving birth to a large baby (>4500g) (17).

Calculated maternal mercury (Hg) exposure was
negatively associated with infant birth weight. The
study sample comprised 62,941 mothers with singleton
term deliveries. Women in the highest quintile com-
pared with the lowest quintile of Hg exposure delivered
babies with an average reduction in birth weight of 34
g (95% CI: -46, -22) and a significantly increased risk
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of SGA (OR=1.19, 95% CI: 1.08, 1.30). Although the
overall seafood intake was associated with increased
birth weight (increasing birth weight with increasing
quartiles of seafood), stratified analyses showed
negative associations between Hg exposure and birth
weight within each strata of seafood intake (18).

As a follow up of a study (54) that showed a nega-
tive association between a biological marker of acryl-
amide exposure and foetal growth (women from five
European cohorts, including MoBa, total n=1,101), the
association between calculated dietary acrylamide
intake and foetal growth was examined in 50,561
women in MoBa. Calculated acrylamide intake showed
strong correlation with haemoglobin- and glycidamide
Hb-adducts in a subset of the participating women.
Higher maternal acrylamide intake during pregnancy
was associated with impaired foetal growth based on
an increase in SGA risk and reduction in birth weight
(19). Birth weight of children born to women in the
highest quartile of acrylamide intake were on average
26 g lower (95% CI: -36, -15) than for children born to
women in the lowest quartile of acrylamide intake.

In the same study population (50,561 women),
dietary benzo(a)pyrene [B(a)P] intakes were estimated
based on a database containing published values of
B(a)P concentration in food (20). Dietary B(a)P intake
during pregnancy was significantly associated with
lower weight and length at birth; coefficients (95% CI)
were -20.5 g (-31.1, -10.0) and -0.09 cm (-0.15, -0.04)
for tertile 3 vs. tertile 1. Results were similar after
excluding smokers. Significant interactions between
dietary B(a)P and vitamin C equal or above the re-
commended intake for pregnant women in Norway (85
mg/day) were found (p-value for interaction = 0.022).
The coefficients (95% CI) for birth weight in women
in the third compared with the first tertile of B(a)P
intake were -44.4 g (-76.5, -12.3) in the group with
low vs. -17.6 g (-29.0, -6.1) in the group with high
vitamin C intake (20).

Again in the same population (50,561 women), ma-
ternal intakes of dioxins and polychlorinated biphenyls
(PCBs) were calculated based on an extensive database
of these persistent environmental pollutants. Seafood
is the major source of exposure to such contaminants.
This study showed an inverse dose-response associa-
tion between dietary intake of dioxins and PCBs and
foetal growth. Infants of mothers in the upper quartile
of dioxin and dioxin-like PCBs intake had 62 g lower
birth weight (95% CI: -73, -50), 0.26 cm shorter birth
length (95% CI: -0.31, -0.20) and 0.10 cm smaller
head circumference (95% CI: -0.14, -0.06) than those
of mothers in the lowest quartile of intake. Similar
negative associations for intake of dioxins and dioxins-
like PCBs were found after excluding women with
intakes above the tolerable weekly intake of 14 pg
toxic equivalents (TEQ) per kg body weight per week.
The negative association between dietary dioxins and
PCBs with foetal growth became weaker as seafood
intake increased. No association was found between
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Summary Table 1. Studies investigating maternal dietary factors and infant birth size in the Norwegian Mother and Child Cohort Study.

Reference

Study
population

Dietary exposure

Exposure variables

Studied health outcome

Results

Nilsen et al.,
2010 (15)

Sengpiel
etal., 2013
(16)

Brantsater
etal., 2012
a7

Vejrup et
al., 2013
(18)

Duarte-
Salles et al.,
2013 (19)

Duarte-

Salles et al.,
2013 (20)

Papado-
poulou et
al., 2013

@n

Hillesund
etal, 2014
(22)

2934 women
with singleton
deliveries

59,123 women
with singleton,
uncomplicated
deliveries

62,099 women
with singleton,
live deliveries

62,941 women
with singleton,
term deliveries

50,651 women
with singleton
deliveries

50,651 women
with singleton
deliveries

50,651 women
with singleton
deliveries

66,597 mothers
with singleton
deliveries

Folate contributed by
food and from dietary
supplements. Mean
intake of food folate
and supplemental folic
acid was 268 and 188
pg/day

Total caffeine and caf-
feine from individual
sources based on the
FFQ, and caffeine in-
take prior to pregnancy,
in 1* and 3" trimester

Intake of total seafood
and supplementary
marine n-3 fatty acids.
Seafood also examined
by subcategories of lean
fish, fatty fish, shellfish
and fish liver

Mercury exposure
calculated from FFQ
data and a database of
mercury content in
Norwegian food

Acrylamide exposure
calculated from FFQ
data and a database of
acrylamide content in
food analysed in
Norway

Benzo(a)pyrene [B(a)P]
exposure calculated
from FFQ data and a
database of previously
published B(a)P content
in food

Dioxins and polychlori-
nated biphenyls (PCB)
exposure calculated
from FFQ data and a
database of dioxin and
PCB content in
Norwegian food

A New Nordic Diet
(NND) score con-
structed to reflect and
quantify consumption
of healthy and environ-
mentally friendly food
items

Folate from food,
supplements and total,
divided into <25",
25-74", >75"™ percentile

Caffeine, total and from
different sources as
continuous variables
and total caffeine
ranked into sixtiles, and
divided into categories
representing 0-50, 51-
200, 201-300 and >300
mg/day

Continuous seafood
intake (g/day) and by
categories of 0-5, 6-20,
21-40, 41-60 and >60
g/day. Supplementary
n-3 fatty acids catego-
rized as none, < median
and > median

Calculated mercury
(Hg) intake in ng/kg
bw/week and divided
into quartiles

Acrylamide intake in
ng/kcal/day and mo-
delled as a continuous
variable and after
ranking into quartiles

B(a)P intake in
ng/kcal/d and modelled
continuously (per 1-SD)
and in tertiles

Calculated dioxin and
PCB intakes in pg/kg
bw/day and divided into
quartiles

NND score ranging
from 0-10 points was
divided into low (0-3
points), medium (4-5
points) and high
adherence (6-10 points)

Infant birth weight,
crown-heel length, head
circumference, and SGA
(defined as below the 10"
percentile population
growth curve)

Infant birth weight and
SGA (defined according
to ultrasound-based,
population-based and
customized growth
curves)

Infant birth weight,
crown-heel length, head
circumference, and risk
of low birth weight
(<2500 g)

Infant birth weight and
SGA (defined as below
the 10" percentile
population growth curve)

Infant birth weight and
SGA (defined as below
the 10" percentile
population growth curve)

Infant birth weight and
length

Infant birth weight,
length, and head
circumference and SGA
(defined as below the 10"
percentile population
growth curve)

Infant birth weight and
gender-specific SGA,
AGA and LGA corre-
sponding to the 10" and
90™ birth weight percen-
tiles measured in term
newborns to nulliparous
mothers in MoBa

No associations between maternal
folate intake or maternal plasma
folate concentration and infant birth
weight, length, head circumference
or risk of SGA.

For intakes 200-300 mg/day
compared with 0-50 mg/day, total
caffeine was associated with lower
expected birth weight (21 to 8 g)
and increased risk of SGA (adjusted
ORs ranging from 1.3 to 1.6).

Total seafood intake and particularly
lean fish and shellfish was
associated with increased birth
weight, and reduced risk of low
birth weight; OR=0.56 (95% CI:
0.35, 0.88) for highest versus lowest
seafood intake.

Newborns of mothers in the highest
quintile compared with the lowest
quintile of Hg exposure had lower
birth weight (-34 g) and increased
risk of SGA, adjusted OR=1.19
(95% CI: 1.08, 1.30).

Acrylamide intake during pregnancy
was associated with lower birth
weight and increased risk of SGA,
highest vs lowest quartile: birth
weight: -26 g (95% CI: -36, -15),
SGA: OR=1.11 (95% CI: 1.02,
1.21). In smokers the association
was even stronger.

B(a)P intake during pregnancy was
associated with lower birth weight
and length; highest vs lowest tertile
-20.5 g (95% CI: -31.1, -10.0) and -
0.09 cm (95% CI: -0.15,-0.04),
respectively. Birth weight in women
in the highest vs lowest tertile of
B(a)P intake were -44.4 g (-76.5, -
12.3) in the group with low vs -17.6
g (-29.0, -6.1) in the group of high
vitamin C intake (< or > 85 mg/d).

Newborns of mothers in the upper
intake quartile of exposure had
lower birth weight (-62 g), length
(-0.26 cm) and head circumference
(-0.10 cm) than those of mothers in
the lowest intake quartile. No
association for SGA.

High as compared with low NND
adherence was associated with
lower risk of SGA (OR=0.92, 95%
CI: 0.86, 0.99) and higher risk of
LGA (OR=1.07, 95% CI: 1.00,
1.15).

SGA: small for gestational age, AGA: adequate for gestational age, LGA: large for gestational age, NND: New Nordic Diet
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Summary Table 2. Studies investigating maternal dietary quality in relation to gestational weight gain (GWG) and post-partum

weight retention (PPWR) in the Norwegian Mother and Child Cohort Study.

No. of

Reference  participants Dietary exposure

Exposure variables

Studied health outcome

Results

Hillesund 66,597 mothers A New Nordic Diet
etal.,, 2014 with singleton  (NND) score con-
(22) deliveries

of healthy and
environmentally
friendly food items

Von 47,011 mothers Two healthy eating
Ruesten et  with singleton  (HEI) scores
al., 2014 deliveries

(23) with either the
Norwegian Food-
based Dietary
Guidelines (HEI-
NFGQG) or the nutrient-
based Nordic
Nutrition
Recommendations
(HEI-NNR).

NND score (range 0-
10) was divided into
structed to reflect and low (0-3 points),
quantify consumption medium (4-5 points)
and high adherence
(6-10 points)

HEI-NFG score
(range 0-70 points)
measured compliance and HEI-NNR score
(range 0-50 points)

Excessive gestational
weight gain (GWG)
according to the Institute
of Medicine (IOM) 2009
criteria

i) GWG as a continuous
variable and excessive
GWG (dichotomous
variable) derived from
pre-pregnant BMI and
IOM criteria for
adequate or excessive
weight gain

ii) Post-partum weight
retention (PPWR) as a
continuous variable and
excessive PPWR
(dichotomous variable)
defined as >5% weight
increase

High as compared with
low NND adherence was
associated with lower risk
of excessive GWG in
normal weight women
(OR=0.93, 95% CI: 0.87,
0.99)

i) HEI-NFG score
associated with lower
GWG and HEI-NNR
score associated with
higher GWG (both, as
continuous variable and as
excessive GWG)

ii) Both scores were
associated with lower risk
of substantial PPWR. For 1
SD-increment: OR=0.96
(95% CI: 0.94, 0.99) for the
HEI-NFG and OR=0.98
(95% CI: 0.95, 1.00) for the
HEI-NNR score

NND: New Nordic Diet, HEIL: Healthy Eating Index, NFG: Norwegian Food based dietary Guidelines,
NNR: Nordic Nutrition Recommendations, GWG: Gestational Weight Gain, PPWR: post-partum weight retention

dietary dioxins and PCB intake and the risk of deli-
vering a SGA baby (21).

In a study comprising 66,597 MoBa participants, a
diet score was developed for assessing adherence to a
healthy and regionally-based diet (New Nordic Diet,
NND) (22). The NND score was constructed to reflect
frequency of main meals, consumption of Nordic fruits,
root vegetables, cabbages and potatoes, consumption
of whole grains, food from the wilderness including
game, fish, seafood and native berries, consumption of
unsweetened milk relative to juice and consumption of
water relative to sweetened beverages. The score was
computed by adding ten dichotomized subscales and
yielded a scoring range from 0 to 10. The score was
further divided into low (0-3 points), medium (4-5
points) and high adherence (6-10 points). High
compared to low NND adherence was associated with
lower risk of SGA (OR=0.92, 95% CI: 0.86, 0.99) and
higher risk of LGA (OR=1.07, 95% CI: 1.00, 1.15).

Maternal diet, weight gain during pregnancy and
postpartum weight retention

Excessive gestational weight gain (GWG) has been
found to be related both with a higher risk of child-
hood overweight (55) and with increased weight
retention of the mother in the postpartum period (56-
58). Two studies in MoBa examined maternal diet in
relation to weight gain during pregnancy and/or post-
partum weight retention (Summary Table 2).
Adherence to the NND score, described above, was
also studied in relation to gestational weight gain. In

the study with 66,597 participants, high versus low
NND scores were associated with lower risk of exces-
sive gestational weight gain in women with a pre-
pregnant body mass index lower than 25 kg/m* (22).
Excessive weight gain was defined according to the
Institute of Medicine (IOM) criteria for BMI-specific
recommended weight-gain, released in 2009.

In another study, two healthy eating indexes (HEI)
were developed and examined in relation to gestational
weight gain and post-partum weight retention (23).
The two HEI scores measured compliance with either
the Norwegian Food-based Dietary Guidelines (HEI-
NFQG) or the nutrient-based Nordic Nutrition Recom-
mendations (HEI-NNR). Higher adherence to the HEI-
NFG score was associated with lower gestational
weight gain, while the HEI-NNR score was associated
with higher gestational weight gain. Furthermore, the
HEI-NFG was associated with lower postpartum
weight retention six months after delivery, while no
statistically relevant association was found for the
HEI-NNR. However, when that outcome was modelled
as excessive postpartum weight retention (=5%
increase relative to pre-pregnant weight), both indices
were associated with lower risk of substantial weight
retention six months after delivery. The OR per 1 SD-
increment was 0.96 (95% CI: 0.94, 0.99) for the HEI-
NFG score and 0.98 (95% CI: 0.95, 1.00) for the HEI-
NNR score. Thus, adherence to food-based dietary
guidelines as measured by the HEI-NFG appear to have
a stronger impact on prevention of adverse maternal
weight development compared to the nutrient-based
recommendations, as indicated by the HEI-NNR (23).
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Maternal diet and preeclampsia

Preeclampsia is a condition characterized by pregnancy
induced hypertension which may involve dysfunction
of many organ systems including reduced perfusion of
the placenta, and endothelial dysfunction. The diag-
nostic criteria for preeclampsia in Norway are blood
pressure > 140 mm Hg systolic or 90 mm Hg diastolic
after 20 weeks’ gestation combined with proteinuria
greater than +1 dipstick on at least 2 occasions. Pre-
eclampsia is one of the major causes of maternal and
foetal morbidity and mortality (59,60). The aetiology
is largely unknown. Several studies have indicated
associations between maternal diet and the risk of
developing preeclampsia and four studies have
investigated maternal diet and preeclampsia in MoBa
(Summary Table 3).

A study in 23,423 nulliparous women investigated
overall dietary quality and the risk of developing pre-
eclampsia. Four distinct dietary patterns were identi-
fied using principal component analysis (24). The prin-
cipal components (denoting dietary patterns) reflect
overall dietary behaviour and take into account the
correlation between all consumed food items. The over-
all prevalence of preeclampsia was 5.4%. A pattern
characterized by vegetables, plant food and vegetable
oils (denoted the ‘Vegetable’ pattern) was associated
with reduced risk of preeclampsia (OR for high versus
low adherence defined by tertiles of pattern scores:
0.72 (95% CI: 0.62, 0.85). A pattern characterized by
processed meat products, salty snacks and sweet drinks
(denoted the ‘Processed’ pattern) was associated with
an increased risk (OR=1.21, 95% CI: 1.03, 1.42). The
results suggested that increasing the intake of
vegetables, fruits, whole grains and vegetable oils and
reducing the intake of processed meats and sweet
beverages may be beneficial (24).

The associations between intakes of vitamin D and
marine long-chain n-3 fatty acids in relation to pre-
eclampsia were investigated in the same population as
the above study (25). Vitamin D and marine fatty acids
are largely contributed by the same foods and dietary
supplements, particularly cod liver oil and fish oil
supplements, which were the supplements reported
most frequently in pregnancy (12). The results showed
a protective effect of vitamin D on risk of developing
preeclampsia, consistent with previous reports (61,62).
The risk of developing preeclampsia was lower in
women with a total vitamin D intake of 15-20 pg/day
in comparison to those with an intake less than 5
pg/day, with OR=0.76 (95% CI: 0.60, 0.95). Consider-
ing the intake of vitamin D from supplements only,
there was a 27% risk reduction (OR=0.73, 0.58, 0.92)
for women getting 10-15 pg/day of supplementary
vitamin D as compared with no vitamin D from
supplements. No associations with preeclampsia were
found for intake of vitamin D from food only, or for
intake of marine long-chain fatty acids from food or
supplements (25).

Probiotics, defined as live microorganisms that,
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when administered in adequate amounts, confer a
health benefit on the host, have been suggested to
modify placental trophoblast inflammation, systemic
inflammation, and blood pressure, all potentially inter-
esting aspects of preeclampsia (63-65). Based on the
hypothesis that probiotic lactobacilli might reduce in-
flammation, the association between maternal intake
of probiotic milk products and preeclampsia was
examined in 33,399 nulliparous women (26). The
prevalence of preeclampsia was 5.3%. During the time
of dietary assessment very few products enriched with
probiotic lactobacilli were available in Norway. These
products were mainly two types of milk and one type
of yoghurt, and the FFQ had separate questions to
capture the consumption of these items. The probiotic
milk products contained either all or the two first of
the following strains: Lactobacillus acidophilus LA-5,
Bifidobacterium lactis Bb12, Lactobacillus rhamnosus
GG. The results showed that women who reported an
intake of probiotic milk products had lower risk of
preeclampsia than those who reported no intake. With
probiotic food intakes divided into categories represen-
ting none, monthly, weekly, or daily intake, lower risk
for preeclampsia was observed for daily probiotic in-
take (OR = 0.80, 95% CI: 0.66, 0.96). Lower risks for
severe preeclampsia were observed for weekly (OR =
0.75, 95% CI: 0.57, 0.98) as well as daily intakes (OR
=0.61, 95% CI: 0.43, 0.89).

Preeclampsia risk was also examined with regard to
intake of food items with high content of either added
or natural sugars (27). High sugar content was defined
as 10 g of sugar or more per 100 g of food. High in-
takes of sugar-sweetened carbonated and/or noncarbo-
nated beverages were significantly associated with an
increased risk of preeclampsia, with OR for the com-
bined beverages 1.27 (95% ClIs: 1.05, 1.54) for high
intake (>125 ml/day) compared to no intake. Contrary
to this, the intake of foods with a high content of na-
tural sugars, such as fresh and dried fruits, was associ-
ated with a decreased risk of preeclampsia, suggesting
that foods with a high content of added sugar and
foods with naturally occurring sugars are differently
associated with preeclampsia.

Maternal diet and preterm delivery

Preterm delivery, defined as spontaneous or medically
induced delivery before gestational week 37, is the
major cause of perinatal mortality and morbidity and is
an important risk factor of long-term physical and
mental disabilities (66-70). The actiology of spontane-
ous preterm delivery is poorly understood but, as for
other pregnancy outcomes, studies have indicated
associations between maternal diet and the risk of
preterm delivery. Five studies have investigated ma-
ternal diet and preterm delivery and/or spontaneous
preterm delivery in MoBa (Summary Table 4).

A Mediterranean-type diet has been shown to reduce
the incidence of preterm delivery (71). The association
between adherence to a Mediterranean-type diet (MD)
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Summary Table 3. Studies investigating maternal dietary factors and preeclampsia in the Norwegian Mother and Child Cohort Study.

No. of
Reference  participants Dietary exposure Exposure variables Studied health outcome  Results
Brantseter 23,423 Dietary patterns were Four dietary patterns ~ Preeclampsia® as Upper vs lower third of the
etal., 2009 nulliparous identified from 58 were identified and registered in the Medical 'Vegetable’ pattern was
(24) women non-overlapping agg- denoted: ‘Vegetable’, Birth Registry and associated with reduced risk
regated food groups ‘Processed’, ‘Potato  diagnosed according to ~ (OR=0.72, 95% CI: 0.62, 0.85),
using principal and fish’ and ‘Cakes  international criteria and upper vs lower third of the
component analysis  and sweets’. Pattern ‘Processed’ pattern was
scores were divided associated with increased risk
into tertiles (OR=1.21, 95% CI: 1.03, 1.42)
of preeclampsia.
Haugenet 23,423 Vitamin D calculated Total intake divided ~ Preeclampsia® as No association between vitamin
al., 2009 nulliparous  from food and dietary into 5 categories and  registered in the Medical D from food only, but lower
(25) women supplements supplement intake Birth Registry and risk for total vitamin D intake
divided into 6 diagnosed according to  of 15-20 pg/day compared with
categories international criteria <5 ng/day (OR=0.73, 95% CI:
0.58, 0.92).
Brantseter 33,399 Milk products Probiotic consump- Preeclampsia® as In comparison with no intake,
elal, 2011 nulliparous containing probiotic  tion as a dichotomous registered in the Medical daily intake of probiotic milk
(26) women lactobacilli variable (no/yes) and  Birth Registry and products was associated with
in 4 categories diagnosed according to  lower risk of overall (OR=0.80,
representing no, low  international criteria. 95% CI: 0.66, 0.96) and severe
(less than weekly), Additional analyses of  preeclampsia OR=0.61, 95%
medium (weekly) and  subtypes early, late, mild CI: 0.43, 0.89).
high (daily intake) and severe preeclampsia
Borgenet 32,933 Maternal intake of Intake variables were ~ Preeclampsia® as Added sugar was not associated
al., 2012 nulliparous  added sugar and modelled both as registered in the Medical with preeclampsia. High intake
27) women food/drink items with continuous variables  Birth Registry and of sugar-sweetened (carbonated
without high content of added (g/d) and as ranked diagnosed according to  and non-carbonated drinks) was
diabetes or natural sugar (~10 categories (quartiles)  international criteria associated with increased risk,

g simple carbo-
hydrates per 100g)

with OR for upper versus lower
third 1.27 (95% CI: 1.05, 1.54).

¥ Preeclampsia includes HELLP (hemolysis, elevated liver enzymes, low platelet count), eclampsia, early preeclampsia (diagnosed before 34 gesta-
tional weeks), mild preeclampsia and severe preeclampsia. Diagnostic criteria according guidelines issued by the Society for Gynecology: Blood
pressure >140/90 after 20 wk of gestation, combined with proteinuria > +1 dipstick on at least 2 occasions.

and risk of preterm delivery was examined in MoBa
(28). The study sample comprised 26,563 non-smoking
women who had a BMI between 19 and 32 kg/m?, were
between 21 and 38 years old and delivered a singleton
live baby. A Mediterranean diet score was constructed
based on five criteria: 1) the intake of fish twice a
week or more, 2) the intake of fruit and vegetables five
times a day or more, 3) the use of olive/canola oil, 4)
red meat intake less than twice a week, and 5) less than
two cups of coffee a day. Only 569 (2.2%) women met
all the MD criteria. There was no association between
fulfilling all the MD criteria and preterm delivery.
However, when the five MD criteria were analysed
separately, a lower risk of preterm delivery was found
in those who fulfilled the ‘intake of fish twice a week
or more’ criteria, with adjusted OR= 0.84 (95% CI:
0.74, 0.95) (28).

Myhre et al. (2010) hypothesized that intake of food
with probiotics might influence and reduce the rate of
spontaneous preterm delivery based on a putative direct
effect of probiotics on vaginal tract infections and
reduced systemic inflammation (29). The study sample
comprised 18,888 healthy pregnant women in MoBa
with spontaneous onset of delivery resulting in a live

singleton baby. Of 18,888 deliveries, 950 (5.0%) were
preterm. Intake of milk products containing probiotic
bacteria as described in the previously discussed
outcome — preeclampsia (consumption versus non-
consumption), was associated with a reduced risk of
spontaneous preterm delivery, adjusted OR=0.86 (95%
CI: 0.74, 0.99). When grouped into none, low and high
intake, a weak dose-response effect was indicated (29).

In the same study population as above (18,888
healthy pregnancies), food items assumed to contain
antimicrobial compounds were also examined with
regard to the outcome spontaneous preterm delivery
(30). An extensive literature review identified two
main food types, alliums (garlic, onions and leek) and
dried fruits (raisins, apricots, prunes, figs and dates)
that contain antimicrobial components with activity
towards microbes previously associated to PTD. In-
takes of alliums and dried fruits were associated with
reduced risk of spontaneous preterm delivery (adjusted
OR=0.82, 95% CI: 0.72, 0.94 for both). Allium intake
was associated with reduced risk of early spontaneous
(gestational weeks 28-31) preterm delivery (adjusted
OR=0.39, 95% CI: 0.19, 0.80) while dried fruits were
associated with a reduced risk of preterm prelabor rup-
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Summary Table 4. Studies investigating maternal dietary factors and preterm delivery in the Norwegian Mother and Child Cohort Study.
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No. of
Reference participants Dietary exposure Exposure variables Studied health outcome Results
Haugenet 26,563 non- A Mediterranean diet Women complying with Preterm delivery (<37 No associations between 5 vs 0 or 5
al., 2008 smoking women  score (MD) based on all 5 criteria versus gestational weeks), early  vs 1-4 MD criteria. When the 5 MD
(28) with BMI range  five criteria: fish>2 those complying with 0 preterm (<35 gestational  criteria were analyzed separately,
19-32 kg/m?®, age times/week, fruit and criteria, women weeks), late preterm (35-  only fish>2 times/week was
range 21-38 vegetables>5 times/day, complying with all 5 37 gestational weeks) associated with reduced risk of
years and who use of olive/canola oil,  versus those complying preterm delivery, adjusted OR=0.84
delivered a red meat <2 times/week with 1-4 criteria and all (95% CI: 0.74, 0.95).
singleton, live and coffee<2 cups/day 5 criteria analyzed
baby separately
Sengpiel et 49,102 women Total caffeine and Caffeine, total and from Preterm delivery (<37 Neither total nor coffee caffeine was
al., 2013 with singleton, caffeine from individual different sources as gestational weeks), early  associated with spontaneous PTD
(16) uncomplicated sources based on the continuous variables preterm (22-33 gesta- risk.
spontaneous FFQ, and caffeine in- and total caffeine tional weeks), late pre-
deliveries take prior to pregnancy, ranked into sixtiles, and term (34-36 gestational
in 1" and 3™ trimester divided into categories ~ weeks)
representing 0-50, 51-
200, 201-300 and >300
mg/day
Myhre et 18,888 healthy Milk products Probiotic consumption ~ Spontaneous preterm Intake of probiotic milk products
al., 2010 women aged 20 containing probiotic as a dichotomous delivery (delivery before ~ was associated with reduced risk of
(29) to 35 years with  lactobacilli variable (no/yes) and 37 gestational weeks) preeclampsia, high vs no intake
spontaneous grouped into categories adjusted OR=0.82 (95% CI: 0.68,
delivery of a representing no, low 0.99).
live, singleton and high intake
Myhre et 18,888 healthy Antimicrobial food Food intakes of interest ~Spontaneous preterm Intakes of alliums and dried fruit
al., 2013 women aged 20 items: i) Allium as dichotomous delivery (sPTD) (delivery ~were associated with reduced risk of
(30) to 35 years with  vegetables (onion, leek, variables (consumers vs before 37 gestational sPTD (OR=0.82, 95% CI: 0.72, 0.94
spontaneous garlic) and ii) Dried non-consumers) and weeks) and preterm for both). Allium intake was
delivery of a fruits (raisins, apricots,  grouped into categories  prelabor rupture of particularly related to early sPTD
live, singleton prunes) representing no, membranes (PPROM) (adjusted OR=0.39, 95% CI: 0.19,
low/medium and high 0.80) and dried fruits intake
intake particularly related to PPROM
(OR=0.74, 95% CI: 0.65, 0.95).
Englund- 60,761 pregnant  Sugar-sweetened (SS) SS and AS drinks Preterm delivery (<37 Compared with no intake, daily
Ogge etal,, non-diabetic and artificially grouped into i) 6 weeks) as well as early intakes of both AS and SS drinks
2012 (31) women with live sweetened (AS) drinks, categories ranging from (22-31 weeks), moderate ~ were associated with increased risk
singleton carbonated and non- no intake to 4 or more (32-33 w) and late (34-36 of overall PTD. Intake >1
deliveries carbonated combined servings per day, and ii) weeks), as well as spon-  serving/day: adjusted OR=1.11
for each type same as above but with ~ taneous and iatrogenic (95% CI: 1.00, 1.24) for AS drinks
the three highest cate- (medically induced PTD) and OR=1.25 (95% CI: 1.08, 1.45)
gories combined into 1 for SS drinks. AS beverages was
or more serving per day also associated with spontaneous
PTD: adjusted OR=1.15 (95% CIL:
1.01, 1.32).
Englund- 66,000 pregnant  Dietary patterns were Three dietary patterns Preterm delivery (PTD) Upper vs lower third of the
Ogge etal,, non-diabetic identified from 58 non-  were identified defined as delivery <37 ‘Prudent’ and ‘Traditional’ pattern
2014 (32) women with live overlapping aggregated  (‘Prudent’, ‘Western’ gestational weeks, sub- was associated with lower risk of
singleton food groups using and ‘Traditional’) and  categories spontaneous PTD [adjusted HR=0.88 (CI: 0.80,
deliveries principal component scores on all patterns (sPTD) and iatrogenic 0.97) and HR=0.91(0.83, 0.99)
analysis. were modelled i) as (medically induced), and  respectively].The ‘Prudent’ pattern
continuous variables subcategories early was particularly associated with late
and ii) ranked into (22-31 weeks), moderate ~ PTD (HR=0.86, 95% CI: 0.78, 0.96)
tertiles (32-33 weeks) and late and with sPTD (HR=0.85, 95% CIL:
(34-36 weeks) PTD 0.75, 0.96).
Sengpiel et 66,014 women Folate contributed by Total amount of folate ~ Spontaneous preterm The amount of folate intake from
al., 2014 with live, food and from dietary intake from the diet or  delivery (sPTD) (delivery foods and from the folic acid
(33) singleton supplements. Median supplements as before 37 gestational supplements was not associated with
deliveries intake of food folate continuous variables, weeks) the risk of sPTD (HR=1.00, 95% CI:

and supplemental folic
acid was 157 and 143
pg/day, respectively

total folate ranked into
deciles, and total folate
divided into four
categories

1.00, 1.00). Initiation of folic acid
supplementation more than 8 weeks
before conception was associated
with increased risk for sSPTD
(HR=1.18, 95% CI: 1.05, 1.32)
compared to no folic acid supple-
mentation preconception. There was
no significant association with sPTD
when supplementation was initiated
within 8 weeks preconception
(HR=0.99, CI: 0.87, 1.13).

MD: Mediterranean diet, HR: hazard ratio, OR: Odds Ratio, PTD: preterm delivery, sPTD: spontaneous preterm delivery, PPROM: preterm prelabor
rupture of membranes, SS: sugar sweetened, AS: artificially sweetened
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ture of membranes (OR=0.74, 95% CI: 0.65, 0.95).

Artificially sweetened (AS) and sugar-sweetened
(SS) beverages are commonly consumed during preg-
nancy. A study comprising 60,761 women in MoBa
examined whether the intake of AS and SS beverages
was associated with preterm delivery. Beverage con-
sumption was reported in all three self-administered
questionnaires answered during pregnancy and covered
intakes prior to pregnancy, and in early, mid and late
pregnancy (31). Intakes of AS and SS beverages were
mutually adjusted. The results showed that women
with daily intakes of either AS and/or SS drinks had
higher risk of preterm delivery. For intake of at least
one serving daily compared with no intake, the OR
was 1.11 (95% CI: 1.00, 1.24) for AS drinks, and 1.25
(95% CI: 1.08, 1.45) for SS drinks. AS beverages was
also associated with spontaneous preterm delivery
(OR=1.15, 95% CI: 1.01, 1.32). Reanalysis of the data
with AS and SS beverage intakes before pregnancy did
not change the results. The data did not indicate a shift
from SS drinks to AS drinks with progression of
pregnancy.

Maternal caffeine intake and caffeine from different
sources was studied not only in relation to fetal growth
(summarized above), but also in relation to preterm
delivery (16). The study population comprised 59,123
healthy mothers, of whom 49,102 delivered spontane-
ously and 1,451 (3.0%) were preterm. There was no
significant association between total or coffee caffeine
intake and the odds for overall, early (<34 gestational
weeks) or late (34-36 gestational weeks) spontaneous
preterm delivery.

To study maternal diet in a broader view, associa-
tions between dietary patterns and preterm delivery
were examined in a sample of 66,000 women. Three
distinct dietary patterns were identified, denoted “pru-
dent” (for example, vegetables, fruits, oils, water as
beverage, whole grain cereals, fiber rich bread), “Wes-
tern” (salty and sweet snacks, white bread, desserts,
processed meat products), and “traditional” (potatoes,
fish, boiled vegetables). Lower risk of preterm de-
livery was found for increasing scores both for the
“prudent” and the “traditional” patterns, with HR for
the highest versus the lowest third being 0.88 (95% CI:
0.80 to 0.97) and 0.89 (95% CI: 0.78, 0.99) respec-
tively. The prudent pattern was also associated with
lower risk of late (34-36 weeks) and spontaneous pre-
term delivery (32).

The detailed assessment of dietary supplement use
in MoBa covers the period prior to pregnancy as well
as during pregnancy. The association between maternal
folate intake from food and supplements and the risk
of spontaneous preterm delivery was examined in
66,014 women with singleton pregnancies resulting in
live births in years 2002 to 2009. The association of
folic acid supplementation with preterm delivery was
also studied with total folate intake grouped into four
categories (<170 pg/d, 170-500 pg/d 500-1000 pg/d

71

and >1000 pg/d). The total amount of folate from food
and from folic acid supplements was not significantly
associated with the risk of preterm delivery. Initiation
of folic acid supplementation more than 8 weeks
before conception was associated with an increased
risk of spontaneous preterm delivery compared to no
folic acid supplementation preconception (HR=1.18;
95% CI 1.05, 1.32), but no significant association with
preterm delivery was found when supplementation was
initiated within 8 weeks prior to conception (HR=0.99;
95% CI1 0.87, 1.13) (33).

DiScuUSsSION

Main findings

The overall results from MoBa studies of maternal diet
and pregnancy outcomes show that healthy eating, as
defined in official recommendations to the public, is
associated with lower risks of adverse clinical preg-
nancy outcomes and complications. Healthy eating in
these studies was characterised by regular intake of
vegetables, fruit, whole grain, fish, probiotic milk
products, water for drinking and lower intake of sugar
sweetened beverages, processed meat products and
salty snacks. These are typical features of a diet re-
commended to the general public as a way to reduce
the risk of chronic diseases (72,73).

In Norway, the dietary advice to the general healthy
population (including pregnant women) from national
health authorities incorporates quantitative recommen-
dations on the following dietary components: fresh
fruit (minimum 300 g/day), vegetables (300-450
g/day), whole-grain (75 g/10 MJ corresponding to 70
g/day for women), fish (300-450 g/week of which fatty
fish minimum 200 to maximum 450 g/week), red meat
(maximum 500 g/week), limited consumption of
processed meat, salt (maximum 6 g salt/day =2.4 g
sodium) and added sugar (maximum 10% of total
energy intake) (74). Furthermore, special advice is
given to pregnant women to abstain from intake of
alcohol, to limit the intake of caffeine containing
beverages, to reduce the intake of food items known to
contain environmental contaminants, e.g. seagull-eggs
and fish liver. Folic acid supplementation is recom-
mended to all women who plan to become pregnant
and for the first three months of pregnancy. Pregnant
women are also recommended to use a vitamin D
supplement daily (75). Routine iron supplementation
during pregnancy is not recommended in Norway due
to the risk of adverse effects (76).

Adherence to the food based dietary guidelines
mentioned above was evaluated in the study by von
Ruesten et al. (23). In MoBa participants, the recom-
mended intakes were reached by 33% for fruit, 7% for
vegetables, 61% for whole grains, 23% for fish, 45%
for red meat, and 51% for added sugar. Although
pregnant women in general are motivated to choose a
healthy diet, the results show that there is a large po-
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tential for improvement. When intakes, e.g. of allium
vegetables or fish, were associated with reduced risk
of an adverse pregnancy outcome, the results sugges-
ted that even small changes may be of clinical impor-
tance. In studies using the data-driven dietary patterns
as the exposure, pattern scores cannot be interpreted in
terms of food amounts, but the patterns identify food
groups of particular importance, e.g. vegetables and
plant foods as cornerstones of a healthy diet. As a
whole, the MoBa diet studies contribute supporting
evidence for the current dietary guidelines.

A consistent dose-response association was found
for caffeine intake, lower birth weight and increased
risk of SGA (16). The estimated effects were very
similar to what was also found in a study with 2,635
low risk pregnant women in the UK (77). These two
studies together provide strong evidence of a link
between caffeine intake and growth restriction as they,
contrary to most previous studies (78), were able to
take into account caffeine intake from different
sources as well as a number of potential confounding
factors including pregnancy symptoms and smoking.
The results did not indicate any threshold for an effect
of caffeine on birth weight or SGA and suggest that,
for this pregnancy outcome, the current limits for
acceptable caffeine intake (200-300 mg/day) may be
too high and need to be re-evaluated. However, no
association between caffeine intake and preterm
delivery was observed, which is in line with a meta-
analysis of 15 cohort and 7 case control studies which
concluded that there is no evidence of a link between
caffeine intake and preterm delivery (79).

Possible explanations for findings and comparison
with other studies

There are several potential biological mechanisms that
could explain the associations between maternal diet
and risk of adverse pregnancy outcomes observed in
these MoBa studies. Vegetables, fruits and whole
grains are sources of dietary fibre, vitamins, minerals
and a wide range of bioactive compounds, including
phytochemicals, antioxidants and secondary plant
metabolites (80). It has been indicated that these
substances directly, or indirectly, through prompting a
favourable gut microbiota, can have an impact on
inflammation, blood pressure and blood lipids (81-83).
Sugar, fat, and processed foods, on the other hand,
may lead to unfavourable blood pressure, blood lipid
patterns and gut microbiota (82,84). It has also been
indicated that maternal diet affects microbes identified
at the important maternal-fetal interface of the placenta
(85,86). Both preeclampsia and preterm delivery are
conditions characterised by disturbed inflammatory
responses (87,88). Hence the mechanism for the
beneficial effects of certain diets on the risk of
preeclampsia and preterm delivery may be through
reduced inflammation due to intake of vegetables
(24,30,32) and probiotic food (26,29). In a follow up
of children of mothers who reported use of probiotic
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food, we also found an indication of reduced risk of
allergic disease in children 3 years of age (36). These
studies support the hypothesis that diet is closely
linked to gut microbiota and immune responses.

The beneficial effect of fish consumption on foetal
growth was confirmed in a meta-analysis of fish intake
during pregnancy and foetal growth and gestational
length in 19 European birth cohorts, including MoBa.
The meta-analysis concluded that moderate fish intake
during pregnancy is associated with lower risk of
preterm delivery and a small but significant increase in
birth weight (89). Of particular interest is the observa-
tion we made in MoBa that it is mainly lean fish that is
associated with the beneficial effect on foetal growth
(17). Although these findings cannot establish causa-
lity, they support the need for public health advice to
promote varied fish consumption in pregnant women,
but in accordance with country-specific restrictions
regarding fish species known to have high concentra-
tions of pollutants.

Increasing maternal Hg exposure was associated
with lower infant birth weight in all strata of fish
intake (18), but still there was a positive effect of
seafood consumption, and clarification is needed to
identify at what level of Hg exposure this risk might
exceed the benefits of seafood. The same was obser-
ved for PCB and dioxins (21). Hence, these results
show that seafood consumption during pregnancy
should not be avoided, but continued surveillance and
advice is needed in order to avoid consumption of the
most contaminated species (75).

Maternal intakes of two other potentially harmful
dietary components, acrylamide and B(a)P, both
formed during heating of food, were associated with
reduced infant birth weight. Snacks, fried potatoes and
crisp bread are the major sources of acrylamide in the
MoBa cohort (19), while the foods which most strong-
ly predicted high intakes of B(a)P were shellfish and
processed/cure meat (20). The most interesting finding
in the B(a)P study was the modifying effect of vitamin
C. Consumption of fresh fruit and vegetables has been
shown to modify the formation of bulky DNA adducts
in cord blood (90) and in adults (91). However, the
understanding of underlying mechanisms to explain
this effect modification is still incomplete.

There is strong evidence linking low maternal folate
status to increased risk of neural tube defects in the
new born babies (92). Increased intake of this B-
vitamin has also been associated with reduced risk of
other congenital malformations and adverse pregnancy
outcomes (93). However, no association of plasma
folate, folate from food or folic acid from supplements
was found with birth size (15). This result differed from
the result of a systematic review and meta-analysis
including eight randomized controlled studies, which
indicated a 2% increase in infant birth weight for every
two-fold increase in folate intake (94). No association
between intake of total folate and preterm delivery was
found in MoBa (33), which is in line with the men-
tioned systematic review and meta-analysis (94).
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Strengths and limitations

There are both strengths and limitations in our studies.
The major strengths are the prospective design of
MoBa, the large sample size and the extensive in-
formation about relevant confounding factors. Most
important, maternal diet was assessed prior to delivery
and women were not aware of the outcome of their
pregnancy, so outcome could not affect the reporting.
Pregnant women were recruited from all parts of
Norway and the large study sample includes women
with a wide range of age, background, socio-economic
level and lifestyle. Through linkage to the medical
birth registry it is possible not only to obtain validated
pregnancy outcomes, but also to include information
about previous pregnancy outcomes, e€.g. previous
preterm delivery, which is the strongest risk factor for
preterm delivery in subsequent pregnancies. In the
FFQ, which was answered in gestational week 17-22,
women were asked to report average intake since the
beginning of pregnancy. Hence, the FFQ covered the
embryogenesis period that is important through epi-
genetic mechanisms.

These studies in MoBa also have limitations. First-
ly, all dietary assessments are susceptible to measure-
ment error, and misreporting cannot be ruled out.
Furthermore, it has been shown that foods perceived as
unhealthy, such as fats, sweets, desserts and snacks,
tend to be underreported to a larger degree than foods
perceived as healthy, and this phenomenon has been
reported also in pregnant populations (47,95). Dietary
intake is notoriously difficult to measure because of
recall errors, potential misreporting, and the difficulty
of assessing portion sizes. The FFQ method has been
criticized for being a crude and imprecise instrument
(96). It challenges respondents with complex cognitive
tasks by asking about their average over a given time
period, and is particularly difficult to answer during
the first part of pregnancy when many women
experience nausea/vomiting and changes in appetite
and eating patterns. Extensive validation comprised
evaluation of major food groups (e.g. vegetables, fruit,
milk/dairy, fish/seafood), nutrients (e.g. protein, fat,
vitamin D, iodine) and toxicants (e.g. mercury,
acrylamide), using another dietary method as well as
biological markers of intake as reference methods (46-
49,97). The validation study demonstrated that the
FFQ was able to correctly rank respondents according
to high and low intakes of foods, nutrients and
unwanted substances (e.g. acrylamide). However, the
correlation coefficients between the test and reference
methods were generally weaker than correlations
found in non-pregnant populations. Low precision in
the dietary assessment will attenuate potential diet
(exposure)-outcome associations towards the null and
imply that when significant associations are observed,
the ‘true association’ is likely to be stronger than the
observed association (98).

The participation rate in MoBa is a cause of con-
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cern. During the recruitment period 1999-2009 around
60% of those invited to participate did not give their
consent. Consequently, there is a concern as to what
extent the results of MoBa are valid for the total
pregnant population. In two separate studies, Nilsen et
al. examined potential self-selection bias in MoBa by
comparing exposure-outcome associations from the
cohort to similar associations obtained from the
Medical Birth Registry of Norway (99,100). Despite
differences in prevalence estimates between the cohort
participants and the total population of pregnant wo-
men, no statistically relative differences in association
measures were found, e.g. prenatal smoking and low
birth weight (<2500 g), maternal vitamin use and
placental abruption, and parity and preeclampsia (99).
It is a strength that the women who do participate
remain in the study, illustrated by a response rate of
more than 90% for the three extensive questionnaires
answered during pregnancy.

Conclusion and policy implications

The studies of maternal diet and pregnancy outcomes
summarised in this paper adds to the evidence that
maternal diet may modify pregnancy outcomes, and
that increasing the daily intake of healthy foods like
vegetables, fruit, whole grain, fish, dairy and water for
drinking is of clinical importance. New observations
are the finding that particularly lean fish explained the
positive association between seafood intake and foetal
growth, and the indications of a protective effect of
probiotic (e.g. milk products enriched with probiotic
lactobacilli) and antimicrobial foods (e.g. alliums and
dried fruit as examples of food items which stimulate
growth of ‘good’ microbes in the gut) on pregnancy
outcomes. This points to the importance of diet com-
position for a healthy gut flora and the body’s immune
response. However, the findings are observational, and
cannot be used as evidence of causal inference, but
should be used as basis for further studies exploring
possible causal relationships and mechanisms, e.g.
using biomaterial sampled in MoBa.

Dietary changes have low cost and low risk com-
pared to medical interventions, and the results corrobo-
rate that current official recommendations and advice,
with the exception of caffeine, are sound. The adverse
association of caffeine with birth weight and SGA
found in MoBa confirm previous studies, and taken
together, these studies suggest that current upper limits
for caffeine intake in pregnancy should be re-
evaluated. To our surprise we also found indications of
a negative impact of some environmental and food pro-
cessing contaminants even at low levels. This should
reinforce further reduction of chemical pollutants,
which might end up in the food chain. Furthermore,
this should encourage pregnant women to eat a healthy
diet and inspire medical practitioners to enhance the
message that fertile women should maintain a healthy
diet both before and during pregnancy.
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