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Nutrition in pregnancy: mineral and vitamin supplements’

Oladapo A Ladipo

ABSTRACT Pregnancy is associated with physiologic notes that anemia in pregnancy and pregnancy-induced hyper-
changes that result in increased plasma volume and red blodension are common and thought to contribute significantly to
cells and decreased concentrations of circulating nutrient-bindinghaternal mortality and morbidity in developing countries. Maine
proteins and micronutrients. In many developing countries, thesgl0), however, shows there is little evidence that nutrition plays
physiologic changes can be aggravated by undernutrition, lead role in pregnancy-induced hypertension.
ing to micronutrient deficiency states, such as anemia, that can This paper discusses minerals and trace elements as well as
have disastrous consequences for both mothers and newbdat- and water-soluble vitamins in pregnancy—their concentra-
infants. Multiple micronutrients are often taken by pregnanttions, the requirements for them, the consequences of their defi-
women in developed countries, but their benefits are limitedciency, and the functional effects of supplementation with them.
except for prophylactic folic acid taken during the periconcep-This is followed by a discussion of issues and required action.
tional period. Women in developing countries may benefit from
multiple-micronutrient prophylaxis in pregnancy, but the under-
lying basis and rationale for changing from supplementation/ITAMINS AND MINERALS
with iron and folate to supplementation with multiple micronu- As a component of prenatal care, micronutrient supplemen-
trients has not been debated in the context of existing programtion might reduce maternal morbidity and mortality directly
objectives. There is an urgent need for this discussion so that bolly treating a pregnancy-related illness or indirectly by lower-
program effectiveness and program efficacy can be improvedng the risk of complications at delivery. Nevertheless, the
Am J Clin Nutr2000;72(suppl):280S-90S. effectiveness of supplementation programs—notably of iron
and folate—has tended to focus on infant outcomes, perinatal
KEY WORDS Nutrition, vitamins, trace elements, minerals, mortality, preterm delivery, and low birth weight (11). When
pregnancy, requirements infant outcomes are discussed, however, a distinction needs to
be made between the teratogenic effects of deficiency at peri-
conception and deficiency in later pregnancy. The former
INTRODUCTION includes folate deficiency resulting in fetal neural tube defects
The demand for both energy and nutrients is increased durind2, 13) and iodine deficiency that causes cretinism (14),
pregnancy (1). For well-nourished women, only a small amounwhereas the latter includes intrauterine growth retardation (15,
of additional energy is required because the body adapts to tli&) and other pregnancy-related and delivery complications
increased energy requirements and becomes more energy effl7—21). This distinction is important because many pregnan-
cient through reduced physical activity and a lowered metabolicies in developing countries are unplanned; the use of prenatal
rate. Although the average-sized, well-nourished woman requiresare services, in which iron or iron and folate supplements are
~10460 kJ/d (2000 kcal/d) during the last trimester of pregnancgenerally provided or prescribed, is less than optimal (22); and
(2), many women in developing countries restrict their foodthe cost-effectiveness of the programs promoted needs to be
intake during pregnancy to have smaller infants, on the premiseonsidered. Even in developed countries, prenatal care providers
that smaller infants will carry a lower risk of delivery complica- have reservations about the widespread and indiscriminate use
tions (3). Recent evidence suggests, however, that infants who aoé prophylactic minerals and vitamins because of unproven
small or disproportionate at birth have increased health risks latérenefits in well-nourished populations, risks of teratogenicity,
in life (4—6). The hypothesis is that such infants have had to adapnhd side effects (23-25). These concerns need to be considered
to a limited supply of nutrients and that in so doing their physiolin the context of developing countries.
ogy and metabolism are permanently changed, although tt
rationale for this hypothesis has been challenged (7).
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Data on vitamin and mineral metabolism and requirementslietary intakes based on the bioavailability of dietary iron and,
during pregnancy are scanty, and determining the consequencas shown in Table 1, the range increases between 187% and
of apparently deficient or excessive intakes is not easy (1). 1407% for pregnant women eating a diet with low or very low
pregnancy, maternal metabolism is altered by hormones thdfioavailable iron, which is the situation in many developing
mediate the redirecting of nutrients to the placenta and mancountries. The RDA for zinc in pregnancy increases by 44%, that
mary gland as well as the transfer of nutrients to the developinfpr iodine by 33%, and that for selenium by 26% to cover fetal
infant. Kidney function changes to handle the clearance of botdemands; copper requirements remain unchanged.
fetal and maternal metabolic waste, which is associated with . .
increased urinary excretion of water-soluble vitamins (eg, foIa’[ePef'C"ancy
(2). Blood volume and composition also change; by the third Calcium deficiency is rare in pregnancy but appears in cases of
trimester, blood volume increases by 35-40% over the nonpredwpoparathyroidism and severe dietary inadequacy and in individu-
nant state, largely because of a 45-50% expansion of plasma vealls who are unable to eat a diet rich in dairy products (41, 42). Low
ume and a 15-20% expansion of red blood cell mass. calcium and magnesium concentrations have been associated with

Nutrient requirements during pregnancy are usually calculatetlypertensive disorders of pregnancy, although a causal effect has
by adding an increment to the value for nonpregnant and nonlacot been shown (10; MJ Keirse, unpublished observations, 2000).
tating women that covers the cost of fetal growth and developMost foods contain phosphorus, and dietary deficiency is rare (33).
ment and the associated changes in maternal tissue metabolismlron deficiency resulting mainly from poor dietary iron
This factorial approach, however, may not necessarily be corredtioavailability causes anemia (26) and has been associated with
because it does not take into account metabolic changes maternal mortality (9). Iron deficiency is known to affect immune
absorption or excretion that may compensate for the additionatatus by reducing the delayed-type hypersensitivity reaction,
nutrient requirements without the need for an increase in intakegraft rejection, and cytotoxic activity of phagocytes (43). A low

plasma iron concentration also selectively inhibits proliferation of
Minerals and trace elements T,1 and not .2 cells; thus, iron may be important for maintain-
ing maternal health and reducing the risk of infection.

Few data exist on biochemical zinc deficiency in pregnant

Because the expansion of red blood cell mass is proportionallyyomen, which is partly due to the lack of a consensus on the appro-
less than that of plasma, some biochemical indexes for minerafsiate indicator to use (44). Low plasma zinc concentrations during
and trace elements, such as hemoglobin (26), fall in parallel to regregnancy, resulting from low dietary bioavailability (31) or very
blood cell volume. Others, such as zinc (27-29), decline progrestigh amounts of copper or iron in the diet that compete with zinc
sively during pregnancy, whereas magnesium shows no gestat absorption sites (45), have been associated with congenital
tional dependence until late pregnancy, when it declines continiabnormalities, abortions, intrauterine growth retardation, prema-
ously (MJ Keirse, unpublished observations, 2000). Phosphorusire birth (46), and preeclampsia (18, 19). Zinc deficiency can also
remains constant because of maternal adaptation (30) and coppdiect the immune response because it results in reductions in T cell
increases in pregnancy (31). Calcium absorption increases eartgvelopment, thymic hormone release, and T cell functions (43).
in pregnancy. At the same time, the protein-bound fraction in Inadequate iodine intakes during pregnancy result in fetal
serum usually declines gradually throughout pregnancy, wheredsss, stillbirths, cretinism, and mental retardation of the newborn
the free ionic concentration remains relatively constant (32). Thenfant (14, 47). Selenium deficiency is associated with Keshan
homeostatic control of ionic calcium is maintained by a complexdisease, which has been found in women of reproductive age in
interaction of vitamin D, parathyroid hormone, and calcitonin. China; thus, like iodine deficiency, selenium deficiency tends to
be geographically specific because of deficiencies in the soil and
therefore the food chain. There is no evidence that prenatal cop-

The recommended dietary allowances (RDAs) or intakes oper deficiency has teratogenic effects in humans as has been
micronutrients for adolescent girls, nonpregnant and nonlactatingbserved in experimental animals (48). Changes in serum copper
adult women, and pregnant women in their third trimester takewoncentrations are likely to be due to pregnancy deviating from
from the National Research Council (NRC) (34), the Institute ofits normal course rather than to inadequate intakes (49).
Medicine (IOM) (34, 35), and the Food and Agriculture Organi- .
zation of the United Nations and the World Health Organizationsupplememat'c'n
(FAO/WHO) (37—-41) are shown iffable 1. The percentage McCarron (DA McCarron, unpublished observations, 2000)
increase in dietary intakes for pregnant adults over nonreproduceports that calcium supplementation during pregnancy is safe.
ing women is also shown. The latter is based on the FAO/WHQOhe tolerable upper intake limit (UL) is 2500 mg/d (34). More-
values because these are the values used in most developing coaver, there is some evidence that in populations with low calcium
tries. The US data are presented for comparative purposes, withtakes, supplementation may reduce pregnancy-induced hyper-
the IOM data being the most recent. In the absence of IOM vakensive disorders and preeclampsia (J Belizan, personal commu-
ues, NRC values continue to be used. nication, 1999). It may also reduce the risk of postnatal depres-

The RDA for calcium increases 122—-167% during pregnancyion. No major changes in either bone mass or blood inorganic
over that for nonpregnant, nonlactating adult women, primarilyphosphorus have been reported during pregnancy (50, 51); thus,
for fetal skeletal development. The IOM (34) notes that no eviphosphorus supplementation is not recommended. Contrary to
dence exists to justify increasing the RDA for either phosphorugarlier thinking, the IOM (34) states there is little or no evidence
or magnesium above that for the nonpregnant state. The addelating calcium to phosphorus and that molar ratios of calcium
tional requirements for iron during pregnancy are described byo phosphorus have little meaning for maintaining blood calcium
Bothwell (26). The FAO/WHO disaggregates the recommendedoncentrations. The UL for phosphorus in pregnancy is 3.5 g/d.

Concentrations during pregnancy
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TABLE 1
Recommended dietary allowances and intakes for adolescent girls; nonpregnant, nonlactating women; and preghant women
Percentage
Nonpregnant, increase over
Adolescent girls nonlactating women Pregnant women nonpregnant,
NRC, IOM, FAO/WHO, NRC, IOM, FAO/WHO, (3rd trimester) nonlactating women:
Nutrient 15-18y 14-18y 15-19y 25-49y 19-50y 18-60y NRC IOM FAO/WHO pregnant viomen
%
Calcium (mgf 1200 1300 500-600 800 1000 400-500 1200 1000 1000-1200 140-150
Phosphorus (mg) 1200 1250 — 800 700 — 1200 700 — —
Magnesium (mg) 300 360 — 280 310-320 — 320 350-360 — —
Iron (mg) 15 — — 15 — — 30 — — —
Very low bioavailability — — 60 — — 59 — — 179-299 203-407
Low bioavailability? — — 32 — — 32 — — 92-152 187-375
Medium bioavailability — — 16 — — 16 — — 46-76 187-375
High bioavailability — — 10 — — 11 — — 31-61 182-454
Zinc (mgf’ 12 — 15 12 — 14 15 — 2.0 43
lodine (.g)® 150 — 150 150 — 150 175 — 200 33
Selenium (.g)® 50 — 21.5 55 — 21.5 65 — 27 26
Copper (md) — — 1.15 1.5-3.8 — 1.15 1.5-3.8 — 1.15 0
Vitamin A (ug REY 800 — 600 800 — 500 800 — 600 20
Vitamin D (.g)° 10 5 100 5 8 25 10 g 10 300
Vitamin E (mga-TE) 8 — — 8 — — 10 — — —
Vitamin K (..g) 55 — — 65 — — 65 — — —
Vitamin C (mgy 60 — 30 60 — 30 70 — 50 67
Thiamine (mg)° 1.1 1.0 0.9 11 11 0.8 15 14 0.9 12
Riboflavin (mg}° 1.3 1.0 14 1.3 11 14 1.6 14 15 7
Niacin (mg NEJ° 15.0 14.0 11.9 15.0 14.0 11.5 17.0 18.0 12.6 10
Vitamin B-6 (mg) 15 1.2 — 1.6 1.3 — 2.2 1.9 — —
Folate {1g)° 180 400 170 180 400 170 400 600 370-470 118-176
Vitamin B-12 (g)° 2.2 2.4 1.0 2.0 2.4 1.0 2.2 2.6 14 40

INRC, National Research Council (33); IOM, Institute of Medicine (34, 35); FAO/WHO, Food and Agriculture Organization of the United
Nations/World Health Organization; RE, retinol equivaleatS;E, a-tocopherol equivalents; NE, niacin equivalents.

2Percentage increase is based on the FAO/WHO values.

3Values in the FAO/WHO columns are from reference 36.

4Adequate intake.

5Values in the FAO/WHO columns are from reference 37.

8Values in the FAO/WHO columns are from reference 38.

7Zinc concentrations for adolescent girls and nonpregnant, nonlactating women are based on normative reguiegnesentative body weight.

8Estimated safe and adequate dietary intake.

9Values in the FAO/WHO columns are from reference 39.

Ovalues in the FAO/WHO columns are from reference 40.

Pregnancy-related magnesium deficiency has not been shownental iron is taken to overcome the interaction effects. Zinc
(52, 53) and there is no evidence in the literature that magnesiusupplementation may improve pregnancy outcomes for chron-
supplementation is worthwhile in either high- or low-risk preg-ically deficient pregnant women (JC Kingnpublished observa-
nancies (MJ Keirse, unpublished observations, 2000). The Utions, 2000). Prophylactic doses of 20-25 etgmental zinc/d
for magnesium in pregnancy is the same as that for other adulisave generally been used in pregnant women ieldging
namely 350 mg/d (34). countries (58), and the WHO (49) set the UL at 35 mg/d.
Prophylactic iron supplementation is recommended in Results of zinc supplementation trials are mixed. In US women
developing countries (54) and in the United States (49) for allith low plasma zinc concentrations who were at high risk of
pregnant women in the second and third trimesters of prediaving low-birth-weight infants and whose intake of zinc was
nancy; in other countries, iron supplementation is recominadequate, supplementation with 25 mg Zn/d, beginning at an
mended only for anemic women with proven iron deficiencyaverage of 19 wk gestation, resulted in an upward shift in the
anemia, as in Great Britain (55), or for women with low gestational age distribution and greater fetal growth (including
prepregnancy iron stores, as in Canada (56). Safety issué®ad circumference) that was independent of gestational age
related to iron are discussed by Yip (57). (59). These findings occurred primarily in women with a body
For zinc, the IOM (49) concluded there was insufficient mass index (expressed as kg/m26. Although the authors con-
evidence on which to base a recommendation for routinelude that their findings support the inclusion of zinc in multiple-
supplementation during pregnancy. Nevertheless, the IOM reanicronutrient supplements, they note that unless the improved
ommends zinc supplementation whei30 mg/d of supple- outcomes are also associated with decreased morbidity and
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mortality, there is no reason to be enthusiastic about thallowance for pregnant women increases 300% to take into
improved birth weight alone. Hakimi et al (60) reported prelim-account calcium deposition and bone mineralization in the fetus
inary data from an ongoing randomized, placebo-controlled tria{(32). The RDA for vitamin E intakes during pregnancy has not
in which pregnant women are being given a daily low dose obeen established because of difficulties in determining require-
20 mg zinc sulfate. Of the 680 women for whom data were availments (49). The NRC (33) assumed that vitamin E is needed for
able, zinc did not affect postpartum infection measured as eldetal growth and recommends that intakes be increased by 25%
vated body temperature (>38) on at least day 1 postpartum in pregnancy. Sufficient data are not available for setting a spe-
[relative risk (RR) = 0.97; 95% CI: 0.43, 2.16]. Caulfield et al cific RDA for vitamin K in pregnancy and the recommendation
(61) showed that supplementing pregnant Peruvian womefor nonpregnant, nonlactating women is used (33).
beginning at gestation week 10-24 with a prenatal supplement _ .
containing 60 mg Fe and 250 mg folate with or without 15 ngefluency
Zn improved maternal zinc status but did not raise it to concen- Vitamin A deficiency is widespread and occurs when the intake
trations found in well-nourished populations. They concludedof dairy products and carotene-rich vegetables and fruit is limited
that higher amounts of zinc may be needed. and, occasionally, with malabsorption syndrome. Vitamin A defi-
In regions of moderate to severe iodine deficiency, pregnantiency in pregnancy is known to result in night blindness (69, 70),
women need iodized salt before or iodized oil before or durindias been shown to increase the risk of maternal mortality (71), and
pregnancy (14, 62). This regimen reduces reproductive losis associated with premature birth, intrauterine growth retardation,
(47), morbidity, and adverse fetal outcomes (14). The WHCOow bhirth weight (17), and antepartum hemorrhage (72) due to
(49) did not set an UL for pregnancy although it cites a reporabruptio placentae. Vitamin A deficiency reduces leukocyte num-
saying that iodine intakes of <1Q@/d are safe and that the UL bers, lymphoid tissue weights, complement, T cell functions, tumor
could be as high as 2Q0y/d. resistance, natural killer cell numbers, antigen-specific immuno-
Selenium supplementation should be considered in areas whegeobulins G and E, and_ ;2 numbers and increases interferpn-
Keshan disease is common (63) or where both iodine and seleniwsynthesis (except in one study) (43).
deficiency occur (64). Safe intakes of selenium have not been estab-Vitamin D deficiency is rare (42), but neonatal tetany, fetal
lished for pregnant women, but that for adults is 4g@ (38). rickets, and abnormal teeth development have been reported in
Because copper deficiency has not been observed in pregreas where vitamin D deficiency is present (73). Deficiency
nancy, there is no need for supplementation in pregnancy (49jloes occur in populations where the women are keptiidah,
Nevertheless, if zinc supplements are given to individuals withwith limited exposure to sunlight (74). Vitamin E deficiency is
low copper intakes, a copper supplement should also be given tare except in malabsorption syndrome, but low concentrations
compensate for the zinc-copper interaction (33), and the IOMave been associated with abruptio placentae in normal pregnan-
(49) recommends that a 2-mg copper supplement be given whetes (72). Vitamin K deficiency is also rare (75). Nevertheless,
a zinc supplement is used. This is the amount used in some copregnant women taking an oral anticoagulant (eg, coumadin) are
mercial prenatal multiple-micronutrient supplements with noat increased risk of hemorrhage because of the antagonist effect
adverse effect. The UL for copper in pregnancy is 10 mg/d (38)of the anticoagulant on vitamin K (75).
Other minerals that are essential for healthy cell function include .
chromium, manganese, and molybdenum, but deficiencies il;?upplementatlon

pregnancy are virtually unknown (33, 49). Weekly vitamin A supplementation (7000g) in Nepal
reduced maternal mortality by 40%, the prevalence of subclini-
Lipid-soluble vitamins cal vitamin A deficiency by 84% (71), and the risk of night

blindness by 38% (68). Vitamin A is associated with anemia (76,
77) and supplementing pregnant women in their second trimester
Blood vitamin A concentrations decline gradually in pregnancywith both vitamin A (2400 mg) and iron daily for 2 mo improved
because of hemodilution, and evidence exists that inadequaklemoglobin concentrations more so than did supplementation

dietary vitamin A intake can also lower blood concentrationswith iron or vitamin A alone (78). Specifically, the increase in
(65), although blood concentrations are difficult to interprethemoglobin was >50% greater when both nutrients were sup-
because they are not a good reflection of underlying status (66)lied and was sufficient to eliminate anemia in 97% (95% CI:
The active metabolite of blood vitamin D (1,25-dihydroxychole-88%, 99%) of the anemic women who received both iron and
calciferol) increases in pregnancy whereas the inactive formvitamin A. In a study in Nepal, Stoltzfus et al (79) found that
(25-hydroxycholecalciferol) decreases (21). Vitamin E concenvitamin A supplementation reduced pregnancy anemia but only
trations are known to increase during gestation, probably becauge women with little or no hookworm infection. In a randomized,
of the hyperlipidemic state associated with pregnancy (67). double-blind, placebo-controlled trial in pregnant women posi-
tive for HIV in Tanzania, Fawzi et al (80) found that 1500
vitamin A had no significant effect on birth outcomes, which
The FAO/WHO RDA for vitamin A is 20% higher for preg- they said may have been due to poor absorption and increased
nant women than for nonpregnant, nonlactating women (Table Iequirements in HIV-infected women.
because of the extensive cell proliferation and development of Vitamin A therapy, in the form of cod liver oil, for women
the fetus (65). Vitamin D requirements can be met if skin iswith puerperal fever reduced the severity of puerperal fever and
exposed to sufficient sunlight, but the effectiveness of exposureeduced maternal mortality by about two-thirds when given with
to sunlight varies depending on how much skin is exposed, thi#e usual treatment for sepsis (81). In later studies, prophylactic
duration of exposure, the latitude, the season, and skin pigmewod liver oil reduced the incidence of puerperal fever (82, 83).
tation. Based on the FAO (68) recommendations, the dietaridakimi et al's (60) preliminary data from an ongoing, randmd,
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placebo-controlled trial showed for the 680 women for whomand a small increase in energy utilization (40). Niacin dietary
data were available that the number of episodes of elevated bodjlowances are 10% higher for the same reasons (40), despite a
temperature (>3%) on at least day 1 postpartum was reducedpossibility that bioconversion from tryptophan may increase as a
by 78% in women given 240Qg vitamin A daily during preg- result of increased energy requirements (49). Vitamin B-6 defi-
nancy compared with the control group who received no vitamirtiency rarely occurs; thus, the FAO/WHO has not recommended
A supplement (RR = 0.22; 95% CI: 0.08, 0.65). additional requirements for pregnant women but the IOM (35)
Hypervitaminosis A increases the risk of fetal malformation,has. Because vitamin B-6 is not stored in the body to any great
and supplementation should not exceed 300@ (84). Excess extent and the increased need is concentrated in the second half
vitamin A also has adjuvant effects that increase lymphocytef pregnancy, the IOM (35) has recommended that the RDA be
proliferation, tumor resistance, graft rejection, and cytotoxicincreased by 46% to ensure sufficiency throughout pregnancy.
T cell activity, possibly by inhibiting T cell apoptosis (43). Besides the need for folate at periconception to prevent neural
Vitamin D supplementation is not likely needed during preg-tube defects, folate dietary allowances during pregnancy increase
nancy except perhaps in high-risk population groups, for examsubstantially by 147% (37) to build or maintain maternal stores
ple, in women whose clothing limits exposure to direct sunlightand to meet the needs of rapidly growing maternal and fetal tissues
and in women who live in northern latitudes with few hours of(35). The FAO/WHO (40) recommends a 40% increase in the vita-
daylight. Vitamin D can be toxic to both the mother and fetus ifmin B-12 dietary allowance to meet fetal demands and increased
given in large doses in pregnancy, although the intake at whichetabolic needs. No recommended daily allowances are available
this occurs is uncertain because interindividual sensitivity tdor biotin and pantothenic acid because of the absence of evidence
excessive intakes varies (49). When used, however, daily lowf increased requirements during pregnancy (35).
doses are preferable to a few large doses because the risk of tox- . .
icity is reduced. The IOM (34) concluded there are insuf‘ficienﬁaef'c'ency
data to set a UL for vitamin D in pregnancy that is different from Observational or experimental data linking water-soluble vita-
that for other adults (ie, 5@g/d). mins to any risk of maternal mortality are unavailable. Various
Vitamin E supplementation is not needed in pregnancystudies that looked at the effect of these vitamins on hypertensive
because most diets containing plant oils, fruit, and vegetabledisorders are reviewed by Maine (10). Evidence that the dietary
should provide an adequate supply, especially because pregtake of vitamin C is inadequate in developing countries does
nancy has no additional vitamin E requirements. Both vitaminsiot exist, but seasonal fluctuations have been reported in The

E and K are nontoxic in adults, even at large doses (33). Gambia (90). Lower concentrations were observed in preeclamp-
tic women in South Africa (91), but Maine (10) concludes this is
Water-soluble vitamins unlikely to have been due to a primary deficit. Sharma et al (92)

and Clemetson and Cafaro (93) report an association between the
incidence of abruptio placentae and low vitamin C concentra-

During pregnancy, serum vitamin C progressively decreasesons but no intervention trials have been done looking at status
~50% (75), partly because of the extra uptake by the fetus (419nd antepartum hemorrhage.
and partly because of hemodilution (85). Plasma thiamine and Thiamine deficiency is now rare but can occur where the sta-
riboflavin concentrations also decline during pregnancy (41)ple food is polished rice (94). Riboflavin deficiency can occur as
Evidence suggests that serum niacin concentrations decrease daresult of extra demand by the fetus, cooking losses, and inade-
ing pregnancy (41), whereas urinary excretion of niacin metaboquate dietary intakes, and biochemical deficiency has been
lites increases. Vitamin B-6 concentrations decline duringeported in pregnant women (95). Nevertheless, its clinical signi-
pregnancy as a physiologic adjustment secondary to increaséidance has been doubted because of the lack of evidence that a
blood volume or as a result of increased requirements for activeeficient state results in adverse fetal or neonatal outcomes (96).
transport across the placenta (35). Folate concentrations may Riboflavin deficiency affects the immune response by decreas-
decline in pregnancy as a result of decreased intestinal absoring antibody responses, thymic weight, and circulating lymphocyte
tion, inadequate intake, or increased demand (86). Serum vitamimumbers (43). Tryptophan, and to a lesser extent niacin, is widely
B-12 concentrations progressively decline during pregnancyavailable in foodstuffs and there is no evidence that pregnancy pre-
which may be independent of dietary intakes and may not reprelisposes to pellagra. Vitamin B-6 deficiency rarely occurs alone
sent decreased maternal stores or deficiency at the biochemiaaid is often associated with deficiency in several B-complex vita-
level (87). Biotin concentrations are significantly lower in preg-mins (33). Nevertheless, vitamin B-6 has been associated with
nancy than in the nonpregnant, nonlactating state and decreageeclampsia, carbohydrate intolerance, hyperemesis gravidarum,
progressively throughout pregnancy (33). Pantothenic acid corand neurologic disease of infants (20, 21, 97, 98). Vitamin B-6 defi-
centrations are thought to decline during pregnancy, returning toiency also affects immunity by reducing lymphocyte numbers and
normal within 1 wk of delivery (88). the proliferative responses to mitogen, lymphoid tissue weights,
graft rejection, interleukin-2 production, delayed-type hypersensi-
tivity reactions, and antibody responses (43).

The RDA for vitamin C in pregnant women is 67% higher Folate deficiency has been reported in parts of India, West
than that for nonpregnant, nonlactating women (Table 1) to offAfrica, and Burma (99). It is due to inadequate dietary intakes,
set the losses from the mother's body pool (39). Thiamineooking habits that exacerbate losses, food taboos, inadequate
dietary allowances are 12% higher in early pregnancy because fifod storage, and intense erythroid hyperplasia in the bone mar-
increased requirements associated with pregnancy and remaiow (eg, sickle cell anemia, chronic hemolytic anemia, or homozy-
constant throughout (89). Riboflavin dietary allowances are 7%gous 3-thalassemia); deficiency is associated with megaloblastic
higher because of increased maternal and fetal tissue synthesisemia, low birth weight, and potential fetal anomaly (100-102).
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In West Africa, the frequency of megaloblastic anemia wadic health authorities. Nevertheless, few data show that coverage
reduced by 50% after antimalarial prophylaxis and it was comis good or that anemia prevalence rates are declining (115).
pletely abolished with folate supplementation (103). A specific ) . . )
thermolabile variant of the folate-metabolizing enzyme, 5,lo_MuItlpIe-mlcronutrlent supplementation
methylene tetrahydrofolate reductase, which causes decreasedAlthough much more needs to be done to ensure that women
enzymatic activity, has been described in 5-15% of populations need of iron and folate supplements have good access to them,
with low folate status (104—106). This variant increases the risk afultiple-micronutrient supplements are being advocated over
homocysteinemia and neural tube defects, necessitating additionanventional iron and folate supplements (116). Manipulating
requirements for folate before pregnancy (104). the formulation, however, simply adds to the cost of the treat-
Vitamin B-12 deficiency is rare in pregnancy, especiallyment with no added benefit in efficacy except when other
where nonvegetarianism is the norm. Vitamin B-12 deficiencymicronutrient deficiencies coexist (117). Moreover, an abrupt
in association with megaloblastic anemia was reported in preghange in direction is questionable because it does not address
nant women in Zimbabwe and India (103, 107) and low bloodhe underlying problem of inadequate prenatal iron and folate
concentrations were observed in Mexico (108). Strict vegetarieoverage and, indeed, could divert attention and resources away
ans or individuals who lack intrinsic factor and suffer from mal-from correcting existing program problems. Better data are
absorption resulting from diseases affecting the terminal ileunmeeded to show that iron and folate supplementation is effective
can be vitamin B-12 deficient. Deficiency in pregnancy can leadn reducing the prevalence of anemia, but this does not mean that
to intrauterine death and possibly to adverse infant neurobehaexisting programs should be changed. Instead, the evidence to
ioral development (109). Vitamin B-12 deficiency depressegustify changing current iron and folate supplementation prac-
phagocyte functions, delayed-type hypersensitivity responsesice, which includes identifying and defining the measurable out-
and T cell proliferation (43). comes, needs to be generated. This is important because the
potential benefits of prophylactic prenatal supplementation in
the context of developing countries include improving maternal
Routine use of large doses of ascorbic acid in amounts >1 ghtritional status, which may, in turn, enhance multiple compo-
is not recommended (33). Prophylactic thiamine fortification ofnents of the immune and antioxidant defense systems, reducing
the diet or pharmaceutical supplementation is desirable to avepregnancy complications, and reducing the risk of some devel-
neonatal death where deficiency is known to exist (94). Riboflaviopmental and common birth defects (118).
supplementation can improve the hematologic response to iron The purpose of multiple-micronutrient supplementation dur-
(95) and, where deficiency is common, supplementation is neededg pregnancy is twofold: to improve pregnancy outcome and to
to restore biochemical normality (90, 110). There is no evidencanprove breast-milk quality. This paper focuses on the former,
of thiamine or riboflavin toxicity by oral administration and no UL specifically as it relates to maternal health and mortality. Issues
has been set for either vitamin (35). The UL for niacin is 35 mg/delated to intrauterine growth retardation, which are equally
and that for vitamin B-6 is 100 mg/d (35). inconclusive, are reviewed by Gulmezoglu et al (15) and
The administration of folic acid in the periconceptional periodRamakrishnan et al (17). Keen and Zidenberg-Cherr (118) pres-
reduces the number of births with neural tube defects by 75%nt the evidence for the beneficial effects of vitamin-mineral
(111); thus, folic acid administration is recommended as standarslipplements on neural tube defects, which they note have multi-
prenatal care by the International Nutritional Anemia Consultaple etiologies and occur as a consequence of complex interac-
tive Group (54). In countries where dimorphic and megaloblastitions among genetic, environmental (maternal), nutritional, and
anemias are common, prophylactic medication with folic acidimmunobiologic factors. The preceding section shows that data
should be added to the routine iron medication that all pregnamn the efficacy of single- or multiple-micronutrient supplemen-
mothers require (112). Except for women taking anticonvulsantation are inconclusive about pregnancy outcomes except for
drugs, who may have coexisting vitamin B-12 deficiency, there idolate and iodine, which are critical at periconception, and iron
no evidence that folate supplementation in pregnancy is unsaénd folate supplementation in tropical areas where dimorphic
(113). The UL for folate is 100@g/d (35). Vitamin B-12 require- and megaloblastic anemia exist. Although iron deficiency is the
ments would be met by the usual dietary intake for everyone othenost common cause of nutritional anemia in the world, folate
than strict vegetarians; hence, there is no need for prophylactieficiency is considered as the second most common cause and
therapy. No clear toxicity has been reported from daily oralbften coexists with iron deficiency.
intakes of vitamin B-12 in healthy individuals (35). Besides efficacy, however, 4 other major concerns related to
multiple-micronutrient supplementation (119) are also relevant
to developing countries. First, women eating a good diet are
ISSUES AND REQUIRED ACTION more likely to take supplements regularly than are those at
Many people in developing countries exist on monotonougyreater risk of micronutrient deficiencies. Second, the micronu-
cereal- or legume-based diets and have little access to animaients taken may not be limiting in the diet. Third, some phar-
products or a variety of fruit and vegetables. Even when suchmaceutical preparations do not indicate on the package labeling
foods are available, cultural beliefs may deny pregnant womehow the micronutrient doses are related to the recommended
access to these foods (114), rendering them at risk of micronwaily intake. Moreover, less-informed women may take more
trient deficiencies. Thus, malnourished pregnant women irthan the recommended dose on the premise that it is advanta-
developing countries may benefit from prophylactic micronutri-geous to the pregnancy outcome and the newborn infant’s health.
ent supplementation during pregnancy. Currently, iron or ironToxic effects caused by overdosing are a major concern for any-
and folate supplements are distributed to pregnant women ione involved in prenatal care, especially for lipid-soluble vita-
most developing countries free of charge or at low cost by pubmins such as A and D that have limited excretion routes. Fourth,

Supplementation
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other concerns are related to interactions between and amosgpplements should be taken shortly after meals to limit gastric
nutrients. Lonnerdal and Keen (120) classified these intdnteraction to reduce side effects (117). Clearly, there are trade-
2 groups. In the first group, deficiency of one element affects theffs in terms of interactions and the number of tablets women
metabolism of another. Copper deficiency, for example, causesan be expected to take regularly. For these reasons, these issues
low ferroxidase activity, which induces an iron-deficiency-like need to be discussed and agreement reached on the priority out-
anemia (121). In the second group, 2 or more trace elementomes for both the mother and the fetus.

share the same absorptive pathway and a high concentration of

one may interfere with the absorption of the other; thus, trac«?ther concerns

element ratios are important. Another important concern is the use of coloring in micronu-
trient supplements. Although coloring may make the tablets
more attractive, it raises safety concerns, particularly regarding

Lonnerdal (121), in his review and summary of iron-zinc- children, who may consume the tablets on the premise that they
copper interactions, notes that a high concentration of iron caare sweets and thus poison themselves (114). This issue is very
interfere with zinc uptake when no dietary ligands are preserimportant in developing countries, where commercial interests
(ie, in a fasting state). High iron intakes may interfere with cop-often conflict with public health needs despite regulations to
per absorption if both are taken simultaneously, even when theontrol the inappropriate use of dangerous drugs (personal
differences in iron-copper ratios are relatively small. Modesiobservations). There is also a need for proper quality assurance
increases in zinc intakes can also affect copper absorption, evegstems to ensure bioavailability of the nutrients in supplement
with small changes in the ratio. Lonnerdal (121) concluded thapreparations.
these interactions are more likely to occur when the elements are
given as a supplement, and that the outcomes can vary greaﬁipst of supplements
depending on whether they are taken with or without a meal. He Finally, whether public health systems can bear the additional
also notes potential negative effects. For example, modesiost, or whether pregnant women will have the resources to buy
amounts of zinc may have a positive effect on immune functiomultiple-micronutrient supplements, is questionable. Develop-
but higher amounts can interfere with copper and iron absorghg countries typically spend 4-5% of their meager gross
tion, which in turn can adversely affect immune function. national product on health, arét0% of this is allocated to buy-

Other micronutrients also interact. For example, some studieig pharmaceuticals (129). The cost of 270 iron-folate tablets,
found that high plasma folate concentrations decreased thehich is sufficient for preventing iron deficiency anemia in an
absorption of zinc when zinc intake was low and that a mutuaéntire pregnancy, is $0.46 (W Schultink, personal communica-
inhibition between folic acid and zinc occurs at the site oftion, 1999) or $0.27 (O Ayeni, personal communication, 1999).
intestinal transport (122-124), whereas another study did ndthe former are supplied by the United Nations Children’s Fund
find this (125). Selenium and vitamin E interact with each other(UNICEF/UNIPAK) and include a 6% handling charge but not
and each potentiates the effect of the other (126). shipping costs, whereas the latter are available through WHO

Babior et al (127) looked at iron absorption after supplemenMaternal and Newborn Health/Safe Motherhood (WHO/MSM)
tation with high amounts of calcium and magnesium. First-and exclude handling and shipping costs.
trimester iron absorption was lower in fasting pregnant women Huffman et al (116) provide costs for 4 multiple-vitamin sup-
after they received a high-dose calcium supplement than aftgalements sold by nonprofit agencies that vary between $0.54 and
they received a low-dose preparation. Calcium is known t&0.81 for an entire pregnancy. Four of the 6 vitamins provide
inhibit both heme- and nonheme-iron absorption, and Hallbergvell below the FAO/WHO RDAs for pregnancy (riboflavin,
(128) recommends that, when needed, calcium supplements 88%; niacin, 60%; vitamin C, 30%; and vitamin D, 75% of the
taken separately from meals (eg, at bedtime). Ascorbic acid iallowances), whereas the vitamin A delivery is slightly lower
known to enhance iron absorption but only when taken witithan the RDAs (95% of the allowances) and the thiamine deliv-
meals; thus, the addition of vitamin C to iron-containing supple-ery is slightly higher (111% of the allowances). A well-known
ments to enhance iron absorption is of little value unless the suricronutrient pharmaceutical company has said that it could
plements are taken with meals. Calcium also interacts with zinanake a multiple-micronutrient supplement based on the NRC
magnesium, and phosphorus, but there is little evidence to sugRDAs for iron, zinc, and the main water- and fat-soluble vita-
gest high intakes of calcium show evidence of causing the deplenins listed in Table 1 for about $0.01 each, which would cost
tion of any of these 3 other minerals or iron (34). $2.55 per pregnancy. Vitamin C accounts#at5% of this cost,

The issue of interactions clearly has important implicationsron and vitamin E for just over 20% each, vitamin A for just
for a multiple-micronutrient supplement regimen in pregnancypover 10%, and the rest between 1% and 5% each. The total cost,
especially in vulnerable populations with low intakes. On thehowever, does not include the costs of tablet production, pack-
one hand, calcium supplementation may be important, but on theging, distribution, taxes, customs duties, marketing, and so
other hand, calcium should not be taken at the same time as iroforth (A Nilson, personal communication, 1996; 116). Through
2 separate supplements taken at different times have been sube use of data from a recent inventory of all iron-containing sup-
gested (116). If zinc is included with iron and folate, the suppleplement tablets or capsules in New Delhi (130), for example, the
ment should be taken with meals to overcome the inhibitoryaverage retail price for the 64 products was 19.3% higher than
effect of iron on zinc. If this is done, dietary inhibitors will affect the average wholesale price (range: 15.9-28.6%) and each tablet
the absorption of the nonheme iron; this can be overcome bgr capsule retailed at an average cost of $0.02. Although not all
including vitamin C, but this is expensive. At the same timethese supplements would be considered appropriate for pregnant
there is the unresolved issue of folate-zinc interactions. The cuwomen, these values show that at average wholesale prices, sup-
rent generally accepted recommendation is that iron and folagglementation throughout pregnancy in India could ece$4.35.

Multinutrient interactions
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It is often argued that the marginal cost of adding other vitaeducation. Clearly, pregnant women need to be provided with
mins and minerals to iron and folate supplements is small, but thisformation that will reduce or close their knowledge gap about
is not the issue. The issue is the total costs to the program théte nutritional value of locally available foodstuffs, what they
includes the wholesale price and the costs of packaging, transpattually eat, and the need for prophylactic micronutrient supple-
or logistics, storage, and distribution. For a country such as Indiments. The challenge is how to do all this effectively.
that has 26 million pregnant women, the budget implications are
enormous: $7.02 million for the WHO/MSM iron-folate tablets,
$11.96 million for the UNICEF/UNIPAK iron-folate supple- CONCLUSION
ments, $66.3 million for the unnamed company’s product, and To decide which micronutrients are of greatest concern in
$113.1 million calculated by using the average wholesale price afeveloping countries, a more systematic and comprehensive
the existing multiple-micronutrient supplements in the marketapproach is needed that will result in agreement on the objectives
Health ministries have to make tough decisions about the wagf prophylactic multiple-micronutrient supplementation, the cri-
they allocate resources; thus, the scientific basis and rationale foeria for identifying and setting concentrations, and the outcomes
making decisions must be unequivocal. Costs, however, do nad be measured. This will require carefully reviewing the dietary
have to be perceived to be prohibitive if the government has mmtakes of both nonpregnant, nonlactating women and pregnant
basis for—and becomes committed to—controlling micronutrientvomen; the micronutrient status of nonpregnant, nonlactating
deficiencies and the commercial pharmaceutical sector works iwomen; and the cost-effectiveness of ongoing interventions in
collaboration to support the government’s effort. developing countries. At the same time, discussion and agree-
ment is needed about issues related to what motivates women to
change behavior that can result in improved nutrition status—be

In addition to the economic constraints, a major programmatidt through improved dietary practices or the use of supplements—
challenge and concern in many developing countries is the lack @ind this has to link in with the safety issues. The discussion
well-defined government policies on maternal health and nutritioshould differentiate between nutrient needs and the conse-
(131). This is reflected in inadequate funding for reproductivequences of deficiency at periconception and in pregnancy and
health care programs, an uneven distribution of health centers low best to address these differing needs. The issue of whether
rural areas, chronic shortage of skilled health care personnel, logikigh-risk women should be identified and, if so, how this can be
tic problems with the distribution and storage of prenatal suppledone practically also should be revisited.
ments, and low morale of health care workers because of low The need for micronutrient supplementation in pregnancy in
wages and the lack of job satisfaction (132). Globally, 35% of pregeeveloping countries is likely to be great because of widespread
nant women in the developing world do not have prenatal carenaternal malnutrition. Public health resources, however, are lim-
60% do not deliver at a health facility, and 47% do not have ded and it is inevitable that priority will be given to interventions
skilled attendant at delivery (22). Moreover, there are huge regionahat are both efficacious and effective. Current evidence shows
and subregional disparities, partly because of a lack of good accegt some micronutrients, such as folate and iron and iodine in
to health centers, local culture, and socioeconomic constraints. Thpulation-based iodine supplementation, can reduce the risk of
logistic problems can be partly overcome by improving both theadverse pregnancy outcomes (135). Others, such as calcium,
access to rural communities and the availability of transport teitamin A, and zinc, may reduce the incidence of ill health and
health centers. National governments could also ensure a moseme life-threatening complications of pregnancy that are still
even distribution of well-staffed primary health care centers, whereommon in many developing countries. Additional studies, how-
prenatal pharmaceutical supplements could be stored and distriever, are needed in different geographic regions to identify
uted by traditional birth attendants and extension workers who amghether micronutrient supplementation in pregnancy results in
familiar with the terrain and their local population. functional and measurable outcomes for maternal health and sur-

Merely providing more staff, however, will not solve the vival. These studies would enable the appropriate intervention
problems of delivering adequate prenatal care. In a review oftrategies to be developed, implemented, and evaluated. Such
36 prenatal interventions during pregnancy, Gulmezoglu et agfforts will require the collaboration and commitment of govern-
(15) concluded that social support, including health and nutritiorment agencies, health care providers, nutritionists, research insti-
education, may teach pregnant women about pregnancy-relatédtions, and the community.
issues but the recipients seldom take action. In other words, the
interventions do not overcome the negative biological outcomes | gratefully acknowledge the assistance of Penny Nestel and Judy Dickson
of pregnancy. The authors say that it is unclear whether this {8 the preparation of this paper.
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