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The roles that the different vitamins and minerals play in fetal growth and
development are reviewed, primarily with respect to growth and differentiation
in humans; but, as appropriate, data provided from animal and cellular studies
are also considered.
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Pregnancy is a period of rapid growth and cell differentiation, both for
the mother and the fetus she carries. Consequently, it is a period when
both are very susceptible to alterations in dietary supply, especially of
nutrients which are marginal under normal circumstances. Inappro-
priate nutrition leads not only to an increased risk of death in utero, but
also to alterations in birth weight and functional changes in the neonatal
organs. These changes can have far-reaching consequences. For
example, babies who are small at birth are at an increased risk of cardio-
vascular disease and diabetes as adults1, while animals who are born to
zinc deficient mothers have a compromised immune system2. The
underlying mechanisms relate to nutrition effects on gene expression in
the fetus. There is an argument, therefore, for supplementation in the
diet, in order to avoid the consequences of deficiency during pregnancy.

Supplementation with one specific micronutrient is not straightforward,
however, since there are many interactions between them, summarised
below. Further, other dietary components are also important. For
example, phytates inhibit calcium and other metal absorption and the n-
3/n-6 ratio in fatty acids alters fat-soluble vitamin absorption.

Up until now, excess intake has been an uncommon problem. However,
with the increasing practice of fortifying foods, especially in developing
countries, the possibility of micronutrient toxicity has increased3.

Micronutrient deficiencies have such varied effects because of the
diverse roles they play. During the process of cell growth, DNA is trans-
cribed to RNA, which is then translated to proteins, which provide the
enzymes and structures of the cell. At every stage in the process, micro-
nutrients are essential, either as signals (retinoic acid, for example), or
structural (zinc in transcription factors) or catalytic (e.g. copper) elements.
Different organs develop at different times in pregnancy. This gives rise to
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Fig. 1 Tissues affected by micronutrient deficiencies. Cell growth and development is
divided into two parts; proliferation, in the middle of the diagram, followed by
differentiation into the different organs. The deficiencies which exert most effect on that
proliferation or differentiation pathway are given in the box associated with each organ.
This is, obviously, a simplification of the actual effects and does not take into account any
interactions between nutrients, which are likely also to be critically important.

'critical windows' - periods when particular organs, because of the
developmental stage they have reached, are more susceptible to
alterations in supply. This is critically important when considering
supplementation or fortification strategies and there are clear lessons to
be drawn from agriculture, where feeding during pregnancy is strictly
controlled and monitored. A very simplified diagram of the stages in cell
proliferation and differentiation where micronutrients can exert their
effect is given in Figure 1.

Vitamins play important roles in cellular metabolism, maintenance and
growth to such an extent that even before clinical symptoms are
apparent, marginal deficiencies may be manifest as impaired fertility or
reduced fetal and neonatal viability4.

Vitamin deficiencies arise as a consequence of socio-economic factors,
inappropriate dietary habits, a failure of complete absorption and smok-
ing. Smoking during pregnancy is associated with poor outcomes of
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