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The lack of a valid indicator precludes a true estimate of zinc deficiency in pregnancy in various
populations. However, it is possible that mild to moderate deficiency (as assessed by available
indicators) may be common in the developing world. Animal experiments indicate that zinc
deficiency can result in adverse maternal and fetal consequences. Human data, particularly from
prenatal zinc supplementation trials, has failed to document a consistent maternal or infant
benefit on evaluated outcome measures including pregnancy induced hypertension, preterm/
post-term labour, premature rupture of membranes, maternal infection, postpartum haemor-
rhage, perinatal mortality, congenital malformations and fetal growth and gestation. Preliminary
data suggest a beneficial effect of prenatal zinc supplementation on infants' neurobehavioural
development and immune function (evaluated by diarrhoeal and ARI morbidity incidence in the
first year of life). Future research should focus on these functional consequences and congenital
malformations (with adequate sample sizes), and simultaneously address the safety issue,
particularly in relation to micronutrient interactions. In the light of the currently available
information, routine zinc supplementation can not be advocated to improve pregnancy outcome.

Pregnancy outcome: Review: Zinc supplementation

Zinc plays a critical role in normal growth and develop-
ment, cellular integrity and many biological functions,
including protein synthesis and nucleic acid metabolism
(Vallee & Falchuk, 1993). It is present in more than seventy
metalloenzymes including RNA polymerase and thymidine
kinase. Since all these are involved in cell division and
growth, zinc is believed to be important for fetal growth
and development. This review examines the possibility that
a gestational deficiency of zinc can adversely affect the
pregnancy outcome.

Magnitude of the problem

There is scant reliable information regarding the magnitude
of zinc deficiency in pregnant women, largely because of
lack of consensus on appropriate indicators of zinc status in
the pregnant state. Although severe zinc deficiency is rare,
it is estimated that mild to moderate zinc deficiency might
be common in several regions of the world. However, in the
absence of a valid marker for zinc deficiency, there is no
direct evidence for this estimate.

Zinc nutriture, most commonly assessed by plasma zinc
concentrations, in pregnant women is different from that in
the non-pregnant state. Plasma zinc concentration begins to
decline in early pregnancy and continues to decline till
term, when it is about 35 % below the concentration found
in non pregnant women (Zimmerman et al. 1984; Tamura
& Goldenberg, 1996). There are discrepancies concerning

the rate of decline, which may reflect the varying zinc
status among the women studied. The decline in the zinc
levels has been attributed to haemodilution, decrease in
levels of zinc binding protein, hormonal changes during
pregnancy (Jameson, 1976) and active transport of zinc
from the mother to the fetus (Tamura & Goldenberg, 1996).
All these factors diminish the validity of serum zinc as an
indicator of zinc nutriture in pregnancy.

Dietary zinc intake in pregnant women has also been
used as an indicator of deficiency. Tamura & Goldenberg
(1996) reported mean dietary zinc intakes in pregnant non-
vegetarians to be around 10´0 mg/day in 27 studies from
various parts of the world, against the US Recommended
Dietary Allowance (RDA) of 16 mg/day (National
Research Council, 1989). Most of these studies were
conducted in the US and UK. The intake by vegetarians in
developing countries is usually much lower (Campbell-
Brown et al. 1985; Lehti, 1989; Kirskey et al. 1994).
Caulfield et al. (1998) have estimated by probability
method that 82 % of the pregnant women world-wide are
likely to have inadequate intakes of zinc. These estimates
were derived from the usual intakes reported in the
literature (Parr, 1996) and the estimated distribution of
zinc required by women to meet their normative needs
during pregnancy as per USRDA. This derivation is a crude
estimate since the estimated requirement distribution is
based on higher body weights and greater usual intakes of
zinc in pregnant women from developed countries. The
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need to modify the present recommended intakes of zinc
has been raised before (Ortega et al. 1997), as a lower
intake might not be necessarily associated with lower levels
in serum or an adverse pregnancy outcome.

Since the currently available methods do not provide a
reliable estimate of the magnitude of the deficiency, it has
been suggested that supplementation trials should be relied
upon to define the extent of maternal zinc deficiency.
However, the currently available supplementation studies
in the literature are too inadequate to permit any such
estimation.

Maternal consequences of zinc deficiency

Animal experiments indicate that maternal zinc deficiency
upsets both the sequencing and efficiency of parturition. An
increased incidence of difficult and prolonged labour,
haemorrhage, uterine dystocia and placental abruption has
been documented in female rats fed zinc deficient diets
throughout pregnancy (Apgar, 1968). A beneficial effect of
zinc supplementation in zinc deficient rats has also been
documented (Apgar, 1973). These observations have been
confirmed in zinc deficient rhesus monkeys (Golub et al.
1984b). The effects are possibly mediated by the defective
functioning of oestrogen via the oestrogen receptor, which
contains a zinc-finger protein (Bunce et al. 1994). The
dysfunction of oestrogen impairs uterine contractions,
cervical ripening and dilatation, maintenance of fetal
membrane and amniotic fluid integrity (Cunnane, 1982;
Olson et al. 1995).

Observational studies in humans have inconsistently
observed association of low maternal serum zinc concen-
trations during pregnancy or at delivery with pregnancy
induced hypertension, prolonged rupture of membranes,
abruptio placentae, inefficient uterine contractions, pro-
longed or non-progressive labour, and maternal haemor-
rhage and infections. Low maternal zinc status during
pregnancy or delivery has been shown to be associated with
a 3´5±7 fold increased risk for premature rupture of
membranes (Sikorski et al. 1990; Scholl et al. 1993); while
others (Kiilholma et al. 1984) have found no such
association. Similarly, associations have been observed
with placental abruption (Kynast & Saling, 1986), prolonged
first and second stage of labour (Dura-Trave et al. 1984;
Lazebnik et al. 1988), perineal tears (Lazebnik et al. 1988)
and pregnancy induced hypertension (Cherry et al. 1981;
Lazebnik et al. 1988). Conversely, other authors failed to
document such associations (Prema, 1980; Dreosti &
MacLennan, 1990; Lao et al. 1990). In the most recent
investigation admitting the largest number of subjects
(Tamura et al. 2000), no significant association was found
between plasma zinc concentrations and maternal compli-
cations including preterm delivery, hypertension, amnioni-
tis and postpartum infection.

Studies to evaluate the effect of zinc supplementation on
pregnancy related complications have provided mixed
results. A Cochrane systematic review of five supplemen-
tation trials (Mahomed, 1998) did not document a
significant beneficial effect apart from possible reduction
in induction of labour (OR 0´18; 95 %CI 0´06 to 0´57,
derived from a single trial). The studies included normal

pregnant women who were supplemented with 20±62 mg
of elemental zinc (with or without placebo controls) from at
least 26 weeks of gestation. Out of these, two trials (Hunt
et al. 1983, 1985) selected women at high risk of low zinc
status and in one study (Goldenberg et al. 1995), the
participants were selected on the basis of proven low
plasma zinc levels. Three studies were excluded mainly
because of high (25 %) loss of subjects recruited initially.
In this investigation, routine zinc supplementation in
pregnancy had no detectable effects on any of the clinical
measures of pregnancy outcome namely; pregnancy
induced hypertension, preterm/post-term labour, premature
rupture of membranes, maternal infection, postpartum
haemorrhage or perinatal mortality. Another study (Jonsson
et al. 1996), not included in the Cochrane review, also did
not find any benefit of zinc supplementation on pre-
eclampsia or bleeding in the second or third trimester.

To summarise, there is no conclusive evidence of
substantial benefit to recommend routine zinc supplemen-
tation during pregnancy to prevent labour and delivery
complications.

Consequences for the progeny

Zinc is essential for the normal growth and development of
the fetus. Severe maternal zinc deficiency, as seen in
acrodermatitis enteropathica, has been associated with
spontaneous abortion and congenital malformations (Ham-
bidge et al. 1975), whereas milder forms have been
associated with low birth weight, intrauterine growth
retardation and preterm delivery (Jameson, 1993).

Congenital malformations

Hurley & Swenerton (1966) documented a teratogenic
effect of zinc deficiency in pregnant rats, in particular of
the central nervous system. Since then, numerous studies
have confirmed the important anti-teratogenic role of zinc
in animals. Recent experimental data indicate that even in
zinc sufficient or borderline deficient animals, stressful
events like infection can result in sequestration of body zinc
making it unavailable for the growing fetus. If this happens
during a critical period of organ development, the
`sequestration induced deficiency' can prove teratogenic
for the fetus (Keen et al. 1993).

Epidemiological data (Halsted, 1973; Sever, 1973) and
case reports (Hambidge et al. 1975; Cavdar et al. 1991) in
humans support the experimental observations that severe
zinc deficiency can cause fetal malformations which can be
reversed by supplementation with oral zinc. Hambidge et al.
(1975) reviewed the pregnancy outcomes in women with
acrodermatitis enteropathica and reported that out of
seven pregnancies, there was one abortion and two
malformations, suggesting that the human fetus is also
susceptible to the teratogenic effect of severe zinc
deficiency. Thereafter, Brenton et al. (1981) suggested
that treating the mothers with zinc antenatally could
prevent these malformations.

There are very few well-controlled studies in humans
that have evaluated a possible causal relationship between
zinc deficiency and fetal malformations. Most of the data in
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this context is retrospective and has produced mixed
results. In the largest and most recent of such investigations
(Velie et al. 1999), 430 neural tube disease affected fetuses
and infants were compared with 429 normal controls.
Maternal intake of pre conceptional vitamins, minerals and
food supplements was recorded. The authors reported a
reduced risk of neural tube defects with increased total pre
conceptional zinc intake (OR 0´65; 95 %CI 0´43,0´99).
These benefits were independent of the other confounding
variables such as folate intake and sociodemographic
factors. However, the data is to be interpreted with caution
as zinc nutriture in this study was assessed by recall method
and it remains unclear whether increased zinc intake, or
another nutrient or combination of nutrients highly
correlated with zinc intake in the diet, is causally associated
with reduced risk of neural tube defects. In another recent,
prospective case±control study (Stoll et al. 1999), no
difference was found in maternal plasma zinc concentration
at the beginning of pregnancy in 170 malformed newborns
as compared to controls.

The supplementation trials have failed to show a
significant benefit of zinc supplementation in reducing
congenital malformations. In a Cochrane review of
supplementation trials (Mahomed, 1998), six out of 350
babies in the supplemented group and ten out of 333 in the
control group had congenital malformations (OR 0´56;
95 % CI 0´21,1´53). However, it would be prudent to
state that this meta-analysis does not have a sufficient

sample size to reliably assess the effect on congenital
malformations.

Based on the data available to date, a definite conclusion
cannot be drawn as to whether the deficiency of zinc alone
during pregnancy is teratogenic in humans. The studies are
mostly retrospective and have not been well controlled.
Further, no reliable method of estimating mild to moderate
zinc deficiency in pregnant women is available. Thus, the
issue of preventing fetal malformations with zinc supple-
mentation remains unsolved.

Fetal growth and duration of gestation

Many studies have been reported on the association
between maternal zinc nutriture and birth weight of babies,
both in animal and human populations. There is no
consensus in the literature as to whether maternal zinc
nutriture is associated with fetal growth in humans. Of 46
studies reporting an association between maternal plasma,
serum or leucocyte zinc concentration and fetal growth
(expressed either as average birth weight or proportions
with low birth weight such as below the tenth percentile),
twenty-three (50 %) reported a positive relationship;
however the other half found no such relation (Tamura &
Goldenberg, 1996; Biadaioli et al. 1997; Tamura et al.
1997; George et al. 1998; Roungsipragarn et al. 1999;
Tamura et al. 2000). In the largest of such investigations,
conducted on 3448 pregnant women, no significant

Table 1. Summary of zinc supplementation trials on fetal growth

Investigators Study place

Total number
of subjects (zinc
supplemented/

control)

Dose of
elemental zinc

(mg/day) Major outcomes in terms of fetal growth

Hunt et al. (1984) USA 213 20 No difference in birth weight, low birth weight or preterm
107/106

Hunt et al. (1985) USA 138 20 No difference in birth weight
70/68

Ross et al. (1985) South Africa 65 4´3±12´9 No difference in birth weight
32/33

Kynast & Saling (1986) Germany 524 20 Increase of 82 g birth weight but not statistically significant
170/345 Significant difference in LGA, SGA and preterm

Cherry et al. (1989) USA 556 30 No difference in birth weight
268/288 Reduced rate of prematurity

Mahomed et al. (1989) UK 494 20 No difference in birth weight or SGA
246/248

Robertson et al. (1991) UK 134 62 No difference in birth weight, low birth weight, high birth
72/62 weight, LGA or SGA

Simmer et al. (1991) UK 56 22´5 Increase of 170 g in birth weight but not significant
30/26 Significant decrease in SGA

Garg et al. (1993) India 280 45 Significant (300±800 g) difference in birth weight
90/190

Goldenberg et al. (1995) USA 580 25 Significant benefit in birth weight (126 g; P � 0´03�; low birth
294/286 weight and head circumference (0´4 cm; P � 0´02�

No difference in small for gestational age or preterm
Jonsson et al. (1996) Denmark 1206 44 No difference in birth weight, LGA, SGA, or preterm

585/621
Caulfield et al. (1999b) Peru 1016 15 No difference in duration of pregnancy, birth weight, preterm

521/495 or post-term delivery, low birth weight or high birth weight,
head circumference, chest circumference, crown±heel
length, mid-upper arm circumference and skin-fold thickness

Osendarp et al. (2000) Bangladesh 559 30 No difference in birth weight, low birth weight, preterm, SGA,
269/290 infant length, head, chest or mid-arm circumference
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association was documented between plasma zinc con-
centration and fetal growth including birth weight,
prematurity, head circumference and crown-heel length
(Tamura et al. 2000). Of the eighteen studies from
developing countries' populations, ten had a positive
relationship. This lack of agreement may be due to
differences in timing of sampling, laboratory methods and
quality, sample size and underlying zinc nutriture of the
populations (Caulfield et al. 1998).

The results of thirteen zinc supplementation trials
(Table 1) have not shown a consistent significant
improvement in weight, length or head circumference at
birth or a reduction in small for gestational age infants.
Most of these trials were from well-nourished populations
in developed countries and thus did not address the basic
issue of improvement in fetal growth in zinc deficient
populations. Only four studies have been conducted on
poor women of developing countries. Ross et al. (1985)
studied pregnancy outcomes in sixty-five Zulu women in
South Africa and reported no significant difference in birth
weight between zinc supplemented and control groups.
However, in this study, the intervention and control
population were not comparable as the mothers in the
treatment group weighed considerably less than those in the
control group at 20 weeks of gestation. Garg et al. (1993)
observed a 300±800 g difference in birth weight in 106
Indian mothers who were supplemented with 45 mg
elemental zinc/day compared with sixty unsupplemented
controls. In this poorly controlled study, the sample size
was small, and there was high loss to follow up at the final
analysis, thus making it difficult to draw conclusions.
Caulfield et al. (1999b) enrolled 1295 pregnant mothers
with low zinc status in Lima, Peru in a placebo controlled
zinc supplementation trial and found no differences in
duration of pregnancy �39´4 ^ 2´2 v. 39´5 ^ 2´0 weeks),
birth weight �3267 ^ 461 v. 3300 ^ 498 g�; preterm and
low birth weight between supplemented and control groups.
In the same population, it was found (Caulfield et al.
1999a) that although mothers receiving zinc supplementa-
tion had higher serum zinc concentration than controls, the
maternal zinc concentrations remained lower than values
reported for well nourished populations. It was concluded
that higher doses of zinc might be needed to further
improve the maternal zinc status in this population.

Osendarp et al. (2000) conducted a double blind placebo-
controlled trial in 559 malnourished Bangladeshi women
from Dhaka slums, who were randomised to receive 30-mg
elemental zinc/day or placebo. They also showed that
although serum concentrations tended to be higher in the
zinc-supplemented group than in the placebo group, no
significant effect of treatment was evident on infant birth
weight, gestational age, length or head, chest and mid upper
arm circumferences. The study was conducted in a
malnourished population in which the dietary zinc intake
was low and poorly bioavailable and the dosage used was
twice the recommended dietary zinc intake for pregnant
women.

In the 1998 Cochrane systematic review (Mahomed,
1998) of five published methodologically sound rando-
mised controlled trials, zinc supplementation had no
significant effect on preterm delivery, small for dates,

low birth weight or any other measure of growth. However,
low birth weight, small for gestational age and preterm
delivery all appeared to be individually significant in trials
that had selected women with, or at high risk of, low zinc
status. Overall, there were some differences that were in the
direction of benefit for zinc supplementation: preterm
delivery, small for gestational age and low birth weight; but
these did not exhibit statistical significance. It was
suggested that trials of zinc supplementation should be
conducted in regions of the world where an overall
deficiency of zinc is expected. Since the publication of
this review, the results of at least three other trials (Jonsson
et al. 1996; Caulfield et al. 1999b; Osendarp et al. 2000)
have become available (two from developing countries); all
of which have failed to show a significant or even marginal
benefit of zinc supplementation in terms of fetal growth.
The completion of other ongoing trials in developing
countries is eagerly awaited.

In summary, the currently available evidence does not
support a beneficial effect of maternal zinc supplementa-
tion on fetal growth and gestation.

Postnatal growth

Experiments in rhesus monkeys suggest that growth
faltering associated with maternal zinc deficiency during
fetal life lasts throughout infancy (Golub et al. 1984a).
There is no published data available to document a long
lasting effect of maternal zinc deficiency on infant growth
or the benefit of antenatal zinc supplementation to the
postnatal growth in humans. It would be interesting to
document the extent and duration of postnatal benefits to
the infant, if any, in terms of growth independent of the
other factors like reduced morbidity through improved
immune functions.

Neurobehaviour development

The relationship between zinc deficiency and delayed
development of brain functions has been firmly established
in animals (Sandstead, 1985; Tamura & Goldenberg, 1996).
Zinc is a critical nutrient for central nervous system
development through zinc-dependent enzymes, zinc finger
proteins which are required for neurotransmission and zinc-
dependent neurotransmitters in the mossy fibres of the
hippocampus (Dreosti et al. 1981; Howell et al. 1984;
Frederickson & Danscher, 1990). Besides that, zinc also
seems to be involved in metabolism of thyroid hormones
(Morley et al. 1980), hormone transport, receptor binding
and metabolism and neurotransmitting precursor produc-
tion (Golub et al. 1995); all of which ultimately affect CNS
function.

As the intrauterine period is critical for brain growth in
infants, maternal zinc deficiency could cause adverse
effects on fetal and infant neurological and behavioural
development. There is some animal data to support this
hypothesis. Apgar (1968) reported apathy among zinc-
deficient dams at parturition. Golub et al. (1984a,b, 1985,
1988, 1992, 1995) in a series of experiments on rhesus
monkeys demonstrated that maternal and infant zinc
deficiency had an adverse outcome on fetal activity
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pattern, newborn motor development and behaviour
patterns during infancy and adolescence.

Observational data in humans linking the effect of
prenatal zinc deficiency on neurodevelopmental changes in
children is scarce. Kirksey et al. (1991) reported a
significant positive association between maternal intake
of dietary zinc and neonatal habituation behaviour in a
small village in Egypt. Subsequently, in the same location,
they documented the persistence of positive association
between maternal zinc status during pregnancy and infant
developmental profile at six months of age (Kirskey et al.
1994).

Fetal heart rate �n � 55� and movement patterns �n �
34� were evaluated, as indices of neurobehavioural
development (Merialdi et al. 1999), in a subset of the
Peruvian zinc supplementation trial (Caulfield et al.
1999b). Fetuses of mothers who received zinc supplemen-
tation showed fewer episodes of minimal fetal heart rate
(FHR) variability, increased FHR range, an increased
number of accelerations, an increased number of movement
bouts, an increased number of time spent moving, and an
increased number of large movements. The authors
concluded that improving maternal zinc status through
prenatal supplementation might improve fetal neurobeha-
vioural development. However, the surrogate measures
employed to assess neurobehavioural development need
validation. The results of postnatal follow up of this study
and another zinc supplementation trial, which documented
an increase in head circumference of infants at birth
(Goldenberg et al. 1995), are awaited with interest.

Preliminary data suggests a role of maternal zinc status
in the neurobehavioural development of the infant.
However, caution must be exercised before drawing
definite conclusions because of the inherent problems of
controlling for confounders in such studies. More well
controlled supplementation trials in zinc deficient popula-
tions are needed to demonstrate the beneficial effect on
motor and cognitive development.

Infection and immunity

The immune system is particularly sensitive to perturbation
in zinc status. Thymus, spleen, lymph nodes and Peyer's
patches develop hypoplasia depending upon the severity
and duration of zinc deficiency (Miller et al. 1968; Chandra
& Au, 1980; Seth & Beotra, 1986). Decreased lymphocyte
population with special reference to reduced function of
helper T-lymphocytes and natural killer cells with increase
in B-cells have been demonstrated (Miller et al. 1968;
Chandra & Au, 1980; Seth & Beotra, 1986). Perinatal zinc
deficiency can result in poor development of natural
immunity and decreased acquisition of maternal antibodies
(Shankar & Prasad, 1998). Perinatal zinc deficiency results
in decreased spleen and thymus size, impaired lymphocyte
mitogenic responses and plaque forming activity, and
depressed immunoglobulin concentrations (Beach et al.
1982b). The adverse effect on the immune system might
even be permanent, persisting after restoration of normal
dietary zinc intake (Beach et al. 1982a, b, 1983).

The effect of perinatal zinc deficiency on the immune
status of infants has not been studied adequately in humans.

In a supplementation trial designed to evaluate the effect of
antenatal zinc supplementation on pregnancy outcome
(Goldenberg et al. 1995); no beneficial effect of zinc
supplementation was observed in decreasing neonatal
sepsis (1/294 in supplemented v. 5/286 in controls; OR
0´25; 95 % CI 0´05,1´26). However, this trial was mainly
designed to evaluate the effect on other measures like birth
weight and a sample size for a precise evaluation of the
benefit in terms of neonatal sepsis was inadequate. The
effect of maternal zinc supplementation in reducing the
incidence of diarrhoea and potential ARI mortality in
infants throughout the first year of life is under investiga-
tion. Preliminary data indicates a reduction in diarrhoeal
and respiratory morbidity (incidence) in infants throughout
the first year of life with prenatal zinc supplements, which
were not continued after birth (Caulfield, 1999, Personal
communication). This benefit may be due to the impact of
zinc supplementation on ontogeny of immunological
development in the infant during the first year of life.

More research is needed to document the influence of
perinatal zinc deficiency on immunity and subsequent risk
of infection related morbidity in infants.

Potential adverse effects

Before recommending routine supplementation with a
micronutrient, it is essential to thoroughly address its
safety. This includes consequences of interaction with other
important micronutrients and vitamins. Fluctuation in the
status of one micronutrient may alter the metabolism of
another with functional consequences on the health of the
individual. Seemingly minute changes in this context may
assume practical significance in populations with border-
line nutriture as in the developing countries. Zinc can have
possible interactions with iron (Whittaker, 1998), copper
(Garg et al. 1994; Sandstrom et al. 1994) and vitamin A
(Christian & West, 1998).

Unfortunately, the earlier supplementation trials were not
designed to address this important aspect. Future research
must give due importance to the safety issue, particularly
on a subclinical scale.

Conclusions

The lack of a valid indicator precludes a true estimate of
zinc deficiency in pregnancy in various populations.
However, it is possible that mild to moderate deficiency
(as assessed by available indicators) may be common in the
developing world. Animal experiments indicate that zinc
deficiency can result in adverse maternal and fetal
consequences. Human data, particularly from prenatal
zinc supplementation trials, has failed to document a
consistent maternal or infant benefit on evaluated outcome
measures including pregnancy induced hypertension, pre-
term/post-term labour, premature rupture of membranes,
maternal infection, postpartum haemorrhage, perinatal
mortality, congenital malformations and fetal growth and
gestation. Preliminary data suggests a beneficial effect of
prenatal zinc supplementation on infants' neurobeha-
vioural development and immune function (evaluated by
diarrhoeal and ARI morbidity incidence in the first year of

S105Zinc and pregnancy outcome

https://doi.org/10.1079/BJN
2000301  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN2000301


life). Future research should focus on these functional
consequences and congenital malformations (with adequate
sample sizes), and simultaneously address the safety issue,
particularly in relation to micronutrient interactions. In
the light of the currently available information, routine
zinc supplementation can not be advocated to improve
pregnancy outcome.
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