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Vitamins and minerals, referred to collectively as micronutrients, have important influences on
the health of pregnant women and the growing fetus. Iron deficiency results in anemia which
may increase the risk of death from hemorrhage during delivery, but its effects on fetal
development and birth outcomes is still unclear. Folic acid deficiency can lead to hematological
consequences, pregnancy complications and congenital malformations, but again the association
with other birth outcomes is equivocal. Zinc deficiency has been associated in some, but not all
studies with complications of pregnancy and delivery, as well as with growth retardation,
congenital abnormalities and retarded neurobehavioral and immunological development in the
fetus. Iodine deficiency during pregnancy results in cretinism and possible fetal wastage and
preterm delivery. Deficiency of other minerals such as magnesium, selenium, copper, and
calcium have also been associated with complications of pregnancy, childbirth or fetal
development. Deficiencies of vitamins other than folate may likewise be related to such
complications; and vitamin A or b-carotene supplements in pregnancy reduced maternal
mortality by 50 % in a controlled trial in Nepal. Additional research is need on the prevalence
of such deficiencies and their consequences and on cost-effective public health interventions for
their control.

Pregnancy: Fetal growth: Vitamins: Minerals: Trace elements: Low birth weight:
Micronutrients

Pregnancy is a period of increased metabolic demands,
with changes in the woman's physiology and the require-
ments of a growing fetus (King, 2000). During this time,
inadequate stores or intake of vitamins or minerals, referred
to collectively as micronutrients, can have adverse effects
on the mother, such as anemia, hypertension, complications
of labor and even death (Ramakrishnan et al. 1999).
Furthermore, the fetus can be affected, resulting in
stillbirth, pre-term delivery, intrauterine growth retardation,
congenital malformations, reduced immunocompetence
and abnormal organ development.

The essential nature of micronutrients has been recog-
nized through the identification of clinical conditions
associated with severe deficiencies of particular vitamins
or minerals, and through subsequent animal experiments.
While the importance in pregnancy of a few micronutrient
deficiencies, such as iodine, has been long recognized, the
role of many others is only recently becoming appreciated.
Gaining this understanding is complicated by the finding
that micronutrient deficiencies often co-exist, and that
deficiencies of specific vitamins and minerals vary by stage
of life, season, year, ethnic group, economic status, place of
residence within a country, and among individuals in the
same community. This variability is due to consumption of
diets with differing content and bioavailability of micro-
nutrients and differing losses of and requirements for

micronutrients. Further complicating the situation is that
micronutrients can have either positive or negative
interactions with regard to biological effects, and these
interactions may not be the same for all possible
consequences of deficiencies. Because of the possible
occurrence of multiple micronutrient deficiencies in
pregnant women in developing countries and the presence
of numerous confounding factors (Ramakrishnan et al.
1999), observational studies related to micronutrients and
pregnancy outcomes are not very illuminating. The best
causal evidence for micronutrients and adverse outcomes of
pregnancy comes from randomized controlled trials, and to
date these have largely been done for individual vitamins or
minerals. While these results can be very instructive, it is
possible that correction of a single micronutrient defi-
ciency, when one or more other limiting deficiencies are
present, may not allow demonstration of the effects of that
micronutrient. It might likewise be considered that correc-
tion of even multiple micronutrient deficiencies, but
continued consumption of a diet that is inadequate in
calories and protein, may not yield the best results for some
outcomes, such as fetal growth. Nevertheless, it is
important to review the results of trials with single
micronutrients because demonstrated benefits would have
important implications, even if negative studies of the type
largely done to date cannot be said to show that a
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micronutrient deficiency is not present or that its correction
is unimportant.

Micronutrient deficiencies

Iron

Iron deficiency, resulting in anemia, is highly prevalent in
women in developing countries and increased iron require-
ments in pregnancy are not often met by changes in diet or
absorption (Beard, 2000). Iron supplementation during
pregnancy has been shown to improve iron stores and
reduce anemia, (Hemminki & Starfield, 1978; Milman et al.
1994) which might be expected in turn to reduce the risk of
death from complications of pregnancy, such as hemor-
rhage (Allen, 1997). Observational studies indicate that
anemia in pregnancy is correlated with poor birth out-
comes, yet this association has also been found with high
hemoglobin concentrations, suggesting a U-shaped distri-
bution of risk (Garn et al. 1981). Iron supplementation
during pregnancy has been recommended by national and
international bodies (US Preventive Services Task Force,
1993), and has become the standard of care in most
settings, making randomized controlled trials difficult to
justify. The few such trials that have been done in
developing country populations show equivocal results
with regard to birth weight (Menendez et al. 1994; Preziosi
et al. 1997), although one trial did find a significant
reduction in fetal loss and neonatal mortality (Preziosi et al.
1997).

Folic acid

Folic acid has long been provided as a supplement in
combination with iron during pregnancy, largely on the
basis of hematological benefits (Fleming et al. 1986),
although deficiency has also been associated with preg-
nancy complications and congenital malformations (Scholl
& Johnson, 2000). Particularly the recent demonstration of
the causal role of folic acid deficiency in neural tube
defects has brought attention to this vitamin (MRC Vitamin
Study Research Group, 1991), yet this is related to peri-
conceptional folic acid status and supplementation, after
pregnancy is detected, would have little effect. The role of
folic acid deficiency in other birth outcomes, such as low
birth weight, pre-term delivery, and peri-natal mortality, is
unclear (Scholl & Johnson, 2000). Limited data suggest
that folic acid supplementation of pregnant women in
developing countries may improve fetal growth and reduce
the incidence of low birth weight (Iyengar & Rajalakshmi,
1975; Baumslag et al. 1970). These and other birth
outcomes need further study.

Zinc

Zinc deficiency has been associated with complications of
pregnancy and delivery, such as pre-eclampsia, premature
rupture of membranes, and pre-term delivery, and with fetal
growth retardation and congenital abnormalities (Caulfield
et al. 1998). Randomized controlled trials of zinc
supplementation have largely been done in developed

countries, where zinc deficiency is infrequent. Trials that
found benefits, e.g. a reduction in the incidence of
pregnancy-induced hypertension or of low birth weight or
pre-term delivery, often selected women who were less
well nourished or had low plasma zinc concentrations
(Jameson, 1982; Goldenberg et al. 1995). Thus, in
developed country populations there may be benefits in
particular populations. Some trials of zinc supplementation
in developing countries, where zinc deficiency is likely to
be common, have found significant benefits on pregnancy
complications or birth outcomes (Garg et al. 1993), but
others have not (Caulfield et al. 1999; Osendarp et al.
2000).

Some trials of zinc supplementation in pregnancy in
developing countries have found other beneficial outcomes
that need further investigation. The important role of zinc
in fetal neural growth and development has been demon-
strated in animal models (Caulfield et al. 1998). One trial in
a developing country found that zinc-supplemented preg-
nant women had fetuses with indications of enhanced
neurobehavioral development, compared with those of non-
supplemented women (Merialdi et al. 1998). This finding
needs confirmation and the implications for child develop-
ment should be assessed. In animal models, zinc deficiency
at the time of conception is associated with congenital
abnormalities (Jameson, 1993). Although difficult to study
in humans, the potential importance of this deficiency in
the etiology of birth defects suggests that trials are needed
to answer the question. Zinc deficiency in utero has many
adverse effects on the development of the fetal immune
system (Shankar & Prasad, 1998; Wellinghausen, in press).
Trials in developing countries have found that babies
whose mothers were given zinc supplements in pregnancy
have improved immune function and a reduction in
diarrhea and respiratory illnesses in infancy, suggesting
effects on immune competence that persist beyond birth
(Osendarp et al. 2000).

Iodine

Iodine has a clear link with thyroid function in pregnancy,
when deficiency results in cretinism and possibly fetal
wastage or pre-term delivery (Dunn, 1993). Control of this
widespread problem in developing countries has focused on
administration of iodized oil before or during pregnancy
and on making iodized salt available in iodine-deficient
settings (Hetzel, 1987).

Magnesium

Magnesium deficiency is associated with pre-eclampsia,
and pre-term delivery (Chien et al. 1996), and possibly with
low birth weight. Of the trials in developed country
settings, some found fewer pre-term births and less
intrauterine growth retardation with magnesium supple-
mentation during pregnancy (Conradt et al. 1985; Spatling
& Spatling, 1988; Sibai et al. 1989). Unfortunately, data are
not available from developing countries.
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Other minerals

Other minerals may be associated with pregnancy compli-
cations or adverse birth outcomes. Selenium and copper
deficiencies may be associated with adverse outcomes of
pregnancy and reduced fetal growth (Arnaud et al. 1994;
Ghebremeskal et al. 1994), but need to be studied by
randomized controlled trials, especially in developing
countries where deficiencies are more common. Deficiency
of calcium, may also be associated with abnormal fetal
development, pregnancy induced hypertension, and pre-
term delivery (Ritchie & King, 2000; Villar & Belizen,
2000).

Vitamins

Deficiencies of vitamins other than folate may also be
related to complications of pregnancy and abnormal fetal
development. Vitamin A deficiency during gestation can
lead to fetal wastage, although high doses of vitamin A in
early pregnancy can be teratogenic as well (Azais-Braesco
& Pasca, 2000). The striking finding that weekly vitamin A
or b-carotene supplements reduced maternal mortality by
50 % in a controlled trial in Nepal (West et al. 1999) has
led to plans to replicate these findings in trials with vitamin
A or combinations of micronutrients. Thiamine, vitamin B6
and B12 deficiencies are of unknown importance for
pregnancy outcomes, but associations have been made with
fetal development (Ramakrishnan et al. 1999). A recent
controlled trial in HIV-infected women using high-dose B
vitamins, as well as vitamins C and E, found reductions in
intrauterine growth retardation and pre-term births, as well
as a reduction in perinatal mortality (Fawzi et al. 1998).
Vitamin C and E deficiencies have been associated with
complications of pregnancy, but randomized trials are
needed to determine the true relationships (Ramakrishnan
et al. 1999). One such recent trial found that provision of
vitamins C and E resulted in a 60 % lower rate of pre-
eclampsia (Chappell et al. 1999).

Micronutrient interactions

Micronutrient interactions are numerous and there may be
benefits to correcting two or more simultaneous deficien-
cies. For example, vitamin A contributes to anemia by
interfering with iron utilization; provision of both vitamin
A and iron has been shown to have a greater effect on
anemia than iron alone (Suharno et al. 1993). In another
study, the addition of both vitamin A and zinc to iron
therapy had more effect on anemia than iron alone
(Kolsteren et al. 1999). A further example is that vitamin
C can increase the absorption of iron (Skikne & Baynes,
1994). On the other hand, some micronutrients could have
adverse effects on others, e.g. iron supplements can
interfere with the absorption of zinc (Hambidge et al.
1987; Solomons & Ruz, 1997) and zinc in high doses, with
absorption of iron or copper (Solomons & Ruz, 1997; Festa
et al. 1985; Porter et al. 1977). To date there is little
evidence of negative interactions in humans with physio-
logical doses of micronutrients, e.g. about one recom-
mended daily allowance, in supplements, particularly if

they are given with food. Because of the potential to
achieve greater benefits with combined, rather than single,
micronutrients, as well as the need to address unanswered
questions about safety, there is an urgent need to evaluate
these interactions in populations potentially deficient in one
or more of the micronutrients.

Considerations, that there may be multiple deficiencies
in developing countries and that it is difficult to evaluate
the effects of all of the potentially important micronu-
trients, as well as their possible interactions, have led some
to conclude that a multivitamin±mineral supplement should
be given during pregnancy (UNICEF, 1999). While this has
become common practice in developed countries, the
empirical evidence for benefit on pregnancy outcomes is
limited. Observational studies suggest that consumption of
micronutrient supplements in pregnancy is associated with
higher birth weight and other outcomes; however, these
studies are likely to be confounded and biased. The very
few randomized controlled trials available from developed
countries have found limited benefits on pregnancy
outcomes and have not been designed to show if multiple
micronutrients are better than single micronutrients, such as
folic acid or zinc (Czeizel, 1993). It should also be
considered that a combination of micronutrients could have
less effect than more selective supplementation. The
potential for negative interactions and adverse effects
with multiple micronutrient supplementation needs evalua-
tion (Ladipo, 2000). Some studies are now underway in
developing countries to address these questions.

Conclusions

Micronutrient adequacy at the time of conception and
during gestation is clearly important for a number of
pregnancy outcomes. The need for specific micronutrients,
such as folic acid and possibly zinc, at the time of
conception to prevent birth defects poses a challenge since
an effective intervention would need to improve the status
of all reproductive age women, or at least those at high risk
of conception. For other outcomes, intervention after
pregnancy is detected may be effective. The usual approach
to improve micronutrient status during pregnancy, i.e. for
iron and folic acid, is supplementation. This approach has
been problematic due to limited supplies, inadequate
training of health workers, and poor adherence to the
supplementation schedule with suboptimal effects on
anemia (ACC/SCN, 1992). While the addition of other
micronutrients to such supplements would have low
marginal cost, it would not necessarily improve adherence
to therapy and may even worsen it. Additional research is
needed on the possible beneficial and harmful effects of
multiple or more selective micronutrient supplements in
pregnancy before universal recommendations can be
made for developing country populations. In addition,
more attention should be focused on dietary approaches,
including fortification of foods with micronutrients, which
may prove to be more beneficial and sustainable than
provision of supplements during pregnancy. Such
approaches would encompass increasing energy and
macronutrient intakes, as well as micronutrient intakes,
which may be more advantageous in improving birth
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weight and length of gestation than micronutrient supple-
ments alone.
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