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DOES PRENATAL NUTRITION AFFECT
MENTAL PERFORMANCE IN CHILDHOOD?

In scientific literature, there is growing evidence pointing to a link between diet and brain
development and later mental performance. Not just the diet of the child, but that of the mother
while pregnant. Of all our organs, the brain is one of the slowest to develop and is also one of the
most complex structures we know. It begins to form 18 days after conception, develops rapidly
during pregnancy and continues to develop into adolescence. This article outlines some of the
work of the European Commission-funded NUTRIMENTHE project which is researching the effect

of diet on the mental performance of children.

The NUTRIMENTHE project aims to provide a greater
insight into the extent to which nutritional influences in
early life, including prenatal life, programme a person’s
mental development. The research is being carried out
by a multidisciplinary team of scientists from 20 research
centres based mainly in Europe, coordinated by the Uni-
versity of Granada in Spain, and includes research into
the influence of a mother’s diet, pre- and postnatal inter-
vention studies and nutritional intervention in children,
on later mental performance. The nutrients of interest
include long-chain omega-3 polyunsaturated fatty acids
(PUFA), B-vitamins, folic acid, iron, zinc, iodine and pro-
tein (in breast and formula milk). There are large cohort
studies involved in NUTRIMENTHE, based at study cen-
tres around Europe and through these, NUTRIMENTHE
expects to generate much new information as to how diet
affects mental performance.

MEASURING COGNITIVE FUNCTION
A major aim of NUTRIMENTHE is to measure cogni-
tive function but, the term ‘cognitive function’ covers
many domains of mental performance. IQ, which is usu-
ally chosen to measure cognitive function, does not fully
capture the complexity of cognitive development, so
NUTRIMENTHE has developed a battery of neuropsy-
chological tests which cover the main domains of cognitive
function (perception, motor, memory, attention, language,
executive functions and emotion). The tests are currently be-
ing used by NUTRIMENTHE's partners to assess the men-
tal performance of the children taking part in the studies.
NUTRIMENTHE's findings to date relate mainly to
the influence of maternal diet on mental performance, but
much more is due to emerge in the coming months relat-
ing mental performance to pre- and postnatal nutritional
intervention in children.

MATERNAL FOLIC ACID STATUS

Folic acid, which should be taken by women wishing to
become, or who already are pregnant, is known to reduce
the incidence of neural tube defects, but are there any fur-
ther effects after neural tube closure? This has been inves-
tigated by NUTRIMENTHE partners from The Erasmus
Medical Centre in The Netherlands using the Generation
R cohort from Rotterdam. They have found that failure to
use folic acid supplements is associated with a higher risk
of behavioural and emotional problems in toddlers aged 18
months. The problems may persist as children observed at
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age three, also show an increased risk of emotional prob-
lems. For instance, signs of being anxious or depressed,
withdrawn behaviour and sleep problems are still present
if their mother failed to take folic acid. The mechanism(s)
of action can only be speculated at present (1,2).

MATERNAL THYROID HORMONE STATUS

It has been known since the 1970s that thyroid hormones
play a crucial role in brain development and that a lack
can result in mental retardation. In NUTRIMENTHE, re-
search from the Generation R cohort has shown that chil-
dren born to women showing severe hypothyroxinaemia,
demonstrated a higher risk of developing expressive lan-
guage delay, which includes the ability to form sentences,
use grammar correctly and retell a story or event at 18
months and 30 months (3).

EATING FISH WHILE PREGNANT

In the UK, women are advised by the Department of
Health to eat two portions of fish a week, including one
of oily fish. Indeed, the ALSPAC study, a longitudinal co-
hort study from Bristol, has shown that children born to
women who reported the highest fish intake while preg-
nant, demonstrated better outcomes in tests for verbal in-
telligence, motor skills and prosocial behaviour (giving,
helping and sharing) when measured from six months to
48 months of age. Furthermore, fish eating was positive-
ly associated with verbal IQ in the children at age eight
(4). In further research involving the ALSPAC cohort,
NUTRIMENTHE researchers from the University of Bris-
tol are looking into what constituent of fish might be me-
diating the effect. The long-chain omega-3 PUFA, docosa-
hexaenoic acid (DHA) is a top candidate.

Omega-3 PUFAs receive much attention regarding
their possible links to good health. Since humans cannot
make these fatty acids de novo they must be obtained
from the diet. The long-chain omega-3 PUFAs, DHA and
eicosapentaenoic acid (EPA), are important structural com-
ponents of cells, especially the cell membranes of the brain.
Indeed, the EC recently supported health claims that in-
take during pregnancy of DHA “contributes to the normal
brain development of the foetus and breastfed infants’ and
‘to the normal development of the eye of the foetus and
breastfed infants’ (Commission Regulation No. 440/2011).

Oily fish is an excellent source of DHA and EPA and
fish eating in pregnancy is associated with maternal plas-
ma levels of DHA which is transferred to the foetus via the



placenta, but are maternal DHA levels related to outcomes
in children? In a study of over 2,000 mother-child pairs
from the ALSPAC cohort, after adjustment for a number
of confounders, no associations were found between the
level of maternal DHA and childhood IQ. Thus, DHA did
not appear to be the ‘missing link’ and it may be that other
nutrients in fish, such as iodine, vitamin D or selenium,
may be mediating the effect. Or, it may be that the child’s
diet is more important. Or, it may be that IQ was not an op-
timal measure of mental performance (unpublished). Fur-
thermore, NUTRIMENTHE researchers from The Medical
University of Warsaw conducted a systematic review of
randomised controlled trials (RCTs) that studied the ef-
fect on neurodevelopment and visual function of children
born to women supplemented with long-chain omega-3
whilst pregnant or breastfeeding. The evidence from the
RCTs included in the review demonstrated that there is
not a clear and consistent benefit on either neurodevelop-
ment or visual acuity from supplementation with long-
chain omega-3 PUFA during pregnancy or breastfeeding.
However, the review did highlight the marked heteroge-
neity of the included studies and the varied approaches to
outcome assessment. Also, none of the studies involved
children over the age of four and the sample size in some
trials was small. This serves to highlight the necessity for
well-designed RCTs and the need for more follow-up
studies in school-age children and beyond (5).

THE INFLUENCE OF GENETICS

NUTRIMENTHE is investigating how our genetic make-
up influences how we process certain nutrients. The proj-
ect is investigating how polymorphisms in the fatty acid
desaturase (FADS) gene cluster influence how PUFAs are
processed during pregnancy. The FADS genes code for
the enzymes delta-5 and delta-6 desaturase are involved
in the synthesis of omega-3 and omega-6 fatty acids (6, 7).
NUTRIMENTHE has published work showing that ge-
netic variants of FADS genes are associated with levels of
PUFA in the red blood cells of pregnant women (8) and in
breast milk (9). Further work (10) has demonstrated that
the composition of omega-3 and omega-6 PUFAs in cord
blood is dependent on maternal and child genotypes, such
that maternal genotypes are mainly associated with ome-
ga-6 precursors and that child genotypes are mainly as-
sociated with omega-6 products. The child’s metabolism
therefore seems important for its own neonatal supply of
n-6 LC-PUFA. In contrast, DHA amounts were equally
associated with child and maternal genotypes, suggest-
ing that DHA levels are dependent on both maternal and
child metabolism. DHA supplied by the mother may thus
be very important to satisfy the high foetal demand of
DHA during pregnancy.
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THE FUTURE

The NUTRIMENTHE project is revealing that seem-
ly subtle changes in biochemistry during pregnancy
may have effects on later mental performance. The
biological mechanisms will certainly be complex and
clearly, much remains to be discovered, especially
in terms of the role of long chain omega-3 PUFAs.
Although it is accepted that long chain omega-3 PU-
FAs are required for brain development, the require-
ments for omega-3 remain to be established. This
project has much more to achieve and many more
results will emerge leading to further insight into
how diet during prenatal and early life affects men-
tal performance.

NUTRIMENTHE is funded until December 2013
and will hold its final conference on the 13th and 14th
of September, 2013 in Granada, Spain in advance of
the 20th International Congress of Nutrition.
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