Pregnancy and Iron Deficiency:

Unresolved Issues
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Iron deficiency and iron deficiency anemia are
prevalent among pregnant women. The extent
to which iron deficiency affects maternal and
neonatal health is uncertain. Existing data sug-
gest that maternal iron deficiency anemia may
be associated with adverse outcomes, includ-
ing preterm delivery and higher maternal mor-
tality. Further research is needed on the mater-
nal and neonatal benefits of iron supplementa-
tion during pregnancy.

Introduction

Iron deficiency and subsequent iron deficiency ane-
mia are the most prevalent nutrient deficiency prob-
lems afflicting pregnant women. The extent to which
maternal iron deficiency affects maternal and neo-
natal health is still uncertain. This review describes
the mostly circumstantial data suggesting that ma-
ternal anemia and/or iron deficiency may be associ-
ated with premature delivery and higher maternal
mortality and possibly with lower pregnancy weight
gain, poorer maternal immune status, lower birth
weight, and changes in infant behavior. Despite a
general assumption to the contrary, it is probable
that maternal iron status during pregnancy affects
infant iron stores at birth. However, these outcomes
have not been evaluated systematically in random-
ized, prospective intervention trials that include a
sufficient number of iron-deficient women, control-
ling for possible confounding factors. Thus, there
is insufficient information to assess the overall ad-
verse impact of anemia and iron deficiency during
pregnancy. This uncertainty has led to controversy
among agencies concerned about the importance and
treatment of iron deficiency during pregnancy. Be-
cause of the very high prevalence of iron deficiency
during pregnancy, and the circumstantial evidence
ofits detrimental effects on maternal and infant func-
tion, research to answer these questions is urgently
needed.
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ternational Nutrition, Department of Nutrition, Uni-
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Prevalence

Iron deficiency and iron deficiency anemia are the
most prevalent nutrient deficiency problems during
pregnancy, and these conditions are more common
in pregnant women than in any other population
group. In developing countries, the prevalence of
anemia in pregnancy averages 56%, ranging between
35% and 75% among different regions of the world.'
The prevalence in developed countries is lower, but
still substantial, averaging 18%. To put these preva-
lence rates in perspective, anemia also affects an
average of 43% of nonpregnant women in develop-
ing countries and 12% in developed countries.! The
prevalence of iron deficiency, which precedes ane-
mia, is much higher. Even in industrialized coun-
tries, in the absence of iron supplementation aver-
age serum ferritin concentrations in late pregnancy
fall into the deficient range.>*

Iron Metabolism During Pregnancy

Major changes in iron metabolism during pregnancy
include the cessation of menses, expansion of the
red blood cell mass by about 20%, and the deposi-
tion of substantial amounts of iron in the fetus and
placenta. The expansion of maternal red cells is
maximal around weeks 20-25 of gestation and is
probably responsible for the marked fall in serum
ferritin concentrations that occurs between about
weeks 12 and 15. Most fetal iron uptake occurs af-
ter week 30, during a time when maternal serum
ferritin is fairly constant. Thus, fetal and placental
iron needs are presumably met predominantly by
increased efficiency of maternal iron absorption
during the last 10 weeks of pregnancy. Total circu-
lating serum transferrin increases by about 250%
between conception and term, probably in response
to estrogenic hormones.’

Fetal iron is derived from maternal transferrin,
which delivers iron to transferrin receptors on the
apical surface of the placental syncytiotrophoblast
(the layer of fused cells that separates the maternal
and fetal circulations). Holotransferrin is endocytosed
by these cells, and the apotransferrin is returned to
the cell surface. The disassociated iron binds to fer-
ritin in the placental cell, from which it is picked up
by apotransferrin on the basolateral (fetal) surface
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of the cells, and enters the fetal circulation as
holotransferrin.®

The amount of iron transferred across the pla-
centa depends on two factors: the number of trans-
ferrin receptors on the apical (maternal) side of pla-
cental cells, and the concentration of ferritin in the
cells. The number of transferrin receptors is in-
creased if cellular iron is low and decreased if cellu-
lar iron is high. Ferritin synthesis by the placenta
may prevent excessive iron transfer to the fetus.’
These two mechanisms help maintain a constant flow
of iron from the mother to the fetus and reduce the
risk of fetal iron deficiency or toxicity. However, as
will be discussed, fetal iron stores probably do re-
flect maternal iron status to some extent. When fe-
tal iron demand is high, such as for the increased
hemoglobin synthesis by the fetus in diabetic preg-
nancy, the fetus may be able to mobilize its own
iron stores to support erythropoiesis.!'’

Iron Requirements During Pregnancy

For adult nonpregnant, menstruating women, me-
dian iron requirements are approximately 1.36 mg
per day."" About half of this iron is required to re-
place menstrual losses. During the first trimester of
pregnancy, iron requirements are lower owing to the
cessation of menses, and iron stores may even in-
crease.'” At around 16 weeks of gestation maternal
blood volume and red cell mass expand so that iron
requirements increase substantially. The need for iron
increases almost linearly until term. Although red
cell mass expansion ceases in the last 5-10 weeks
of pregnancy, in the third trimester infant erythro-
poiesis increases and the placenta accumulates iron.
The total amount of iron required for an average
pregnancy is about 840 mg.'>!* Of this, 350 mg is
transferred to the fetus and placenta, 250 mg is lost
in blood at delivery, and 240 mg is basal losses. In
addition, 450 mg is used for the expansion of ma-
ternal red blood cell mass and contributes to deple-
tion of iron stores during gestation. However, most
of this iron is retained at parturition and is returned
to maternal stores postpartum." It is important to
recognize that even in industrialized countries many
women enter pregnancy with no, or diminished, iron
stores.!'®!”

On average, about 5.6 mg of absorbed iron per
day (range 3.5-8.8 mg per day) is needed during
the second and third trimesters, or about 4.2 mg per
day more than in the nonpregnant state.'® Assuming
that nonheme iron intake is 12 mg per day in indus-
trialized countries!"!*!® and heme iron intake is about
2-3 mg per day, of which 23% is absorbed, the av-
erage absorption of nonheme iron needs to increase
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to close to 50% in the last two trimesters of preg-
nancy.

The actual change in efficiency of absorption in
each trimester is controversial, largely because of
methodologic differences among studies, including
the dose of iron, whether or not the iron was given
with food, the bioavailability of iron given with food,
and the method used to determine absorption. For
example, in unsupplemented Swedish women, ab-
sorption of a single 100 mg test dose of nonheme
iron given after an overnight fast averaged 6.5%
(range 1.2-11.0) at 12 weeks of gestation, 9.2%
(3.2-17.9) at 24 weeks, and 14.3% (5.9-4.7) at 35
weeks.!*> Absorption was estimated from whole-body
counting 10-20 days after a radioactive isotope of
iron was administered. Thus, the efficiency of ab-
sorption reported in this study falls far short of what
is needed to provide the iron required for pregnancy,
such that there would be an iron deficit of about
600 mg over the last two trimesters.!3

Most studies of iron absorption during pregnancy
have suffered from the limitation that iron isotopes
were given in the absence of food.!*?® Recently, the
absorption of a stable iron isotope added to food
was studied sequentially in 12 unsupplemented Brit-
ish women.?! Absorption was measured by the si-
multaneous administration of oral and intravenous
isotopes, a method that may be more valid in preg-
nancy than the usual approach of measuring the in-
corporation of an oral isotope into red blood cells.?
The meals contained 3.2 mg nonheme iron of inter-
mediate bioavailability equilibrated with the isotope.
Absorption averaged 7.2% (4.9-10.9) at 12 weeks,
36.3% (27.6-47.3) at 24 weeks, 66.1% (57.1-76.2)
at 36 weeks, and 11.3% (6.0-21.2) after menses
had resumed and lactation had ceased (at 16-24
weeks after delivery). Women with lower serum
ferritin absorbed more iron at 12 and 24 weeks, but
not at 36 weeks, when ferritin concentrations were
low in all subjects. Not all became anemic. Thus,
the women in this study achieved the efficiency of
absorption estimated to meet their iron requirements
(i.e., about 50% over the last two trimesters), yet
were generally depleted of iron at the end of preg-
nancy.

One other serial study of iron absorption in preg-
nancy, conducted in Sweden, also found an approxi-
mately 10-fold rise in absorption, but values were
only 1.5% at 12 weeks and 14.6% in late pregnancy."
Possible explanations for these much lower absorp-
tion efficiencies include a lower bioavailability of iron
from the meal and the fact that a large (100 mg)
dose of iron was given. On the latter point, based on
incorporation of an oral radioisotope of iron into red
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blood cells in the third trimester, Hahn et al. showed
that a 120 mg dose of iron was 9% absorbed, com-
pared with 26% absorption of an 18 mg dose.” Be-
cause there is at least a fivefold discrepancy among
studies in the estimated amount of iron absorbed
during pregnancy, further data are clearly needed
on this question. Future studies should measure the
absorption of iron from meals by pregnant women
from populations with a low bioavailability of di-
etary iron and a high prevalence of iron deficiency.

Maternal hemoglobin and iron stores tend to re-
cover spontaneously to approach prepregnancy val-
ues during the first few months postpartum,>!* pri-
marily with iron released from the breakdown of
the maternal red cell mass that increased during preg-
nancy. The absence of menses in the early postpar-
tum period also helps the recovery of iron stores,
and the secretion of iron in breast milk is relatively
low (<0.3 mg/day). Iron absorption postpartum may
be somewhat elevated, especially in anemic women,
but this has not been systematically evaluated against
prepregnancy values. If women are supplemented
with iron during pregnancy, at 2 months postpar-
tum their iron stores may be higher than before they
conceived.” In women who become iron-depleted
during pregnancy, however, full recovery of stores
does not occur in the first few postpartum
months.???

Diagnosis of Iron Deficiency in Pregnancy

The most commonly used indices of iron status in
pregnancy are hemoglobin and serum ferritin. Be-
cause of hemodilution during the second trimester,
cutoff values (g/L) for anemia for pregnant women
in trimesters 1, 2, and 3, respectively, are: hemoglo-
bin, 110, 105, and 110; and hematocrit, 33, 32, and
33.2* Even in iron-supplemented women, hemoglo-
bin concentration falls by an average of 20 g/L in
the second trimester to a mean of 116 g/L.>!* The
World Health Organization cutoff is 110 g/L through-
out pregnancy® and 120 g/L for nonpregnant women.

In iron deficiency anemia, low hemoglobin is
accompanied by additional biochemical evidence of
depletion, such as low serum ferritin or transferrin
saturation, or elevated erythrocyte protoporphyrin.
It is difficult to make a definitive diagnosis of iron
deficiency in pregnancy.’ Serum iron is low because
of placental transfer, and transferrin increases be-
cause of normal hormonal changes, with a subse-
quent decrease in transferrin saturation. Mean cor-
puscular volume increases by 5% in pregnancy even
in supplemented women, and is of little diagnostic
value.? Ferritin concentrations decrease substantially
during the second and third trimester owing to he-
modilution and increased iron utilization, but the usual
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adult cutoff for ferritin (<10 pg/L) is not corrected
for pregnancy. Nevertheless, pregnant women with
low serum ferritin—< 8 pg/L, a value that even oc-
curs in about 50% of women in the United States in
the third trimester—also have lower serum iron,
transferrin saturation, hemoglobin, and mean cor-
puscular volume.® In general, low serum ferritin early
in pregnancy predicts lower hemoglobin in late preg-
nancy and deficient values for serum ferritin in both
the second and third trimesters.>'> A normal serum
ferritin value in the first trimester does not neces-
sarily guarantee adequate iron status in the second
or third trimester.

Transferrin receptors (TfRs) are a relatively new
measure of iron deficiency, and their concentration
in serum increases during iron deficiency (or when
there is a greater need for hematopoiesis). One study
in the United States reported that 63 of 81 women
with low ferritin values in the third trimester had
normal serum TfR concentrations.’ However, almost
all of the women with elevated TfR values (>8.5
mg/L) also had low levels of serum ferritin. In addi-
tion, TfR concentrations did not fall during gesta-
tion, so that in the third trimester they were the same
as those of nonpregnant women. In one report they
were elevated earlier in pregnancy when the major
expansion of red cell mass occurs,* but no other
measures of iron status were made in that study.
TfRs best distinguished pregnant Jamaican women
given an iron supplement from those who were not.?’
The receptor concentration increased by an average
of 3.27 = 0.73 mg/L in the unsupplemented group
compared with a slight decline of about 0.3-0.5 mg/
L in iron-supplemented women. Unlike ferritin and
other iron status indicators, TfRs are unaffected by
infection or inflammation®® and should therefore be
especially useful in countries where the prevalence
of infection is high.* A combination of TfR, serum
ferritin, and hemoglobin concentrations may prove
to be the best indicator of iron status in pregnancy,*
and perhaps infancy where the ratio of TfRs to fer-
ritin is the same as in adults.’! This ratio is thought
to be very sensitive to iron status because ferritin
assesses the amount of storage iron whereas TfR
concentrations reflect tissue iron need.*

Consequences of Iron Deficiency in Pregnancy

Maternal anemia and/or iron deficiency can be harm-
ful to both the mother and the infant. Most of the
adverse effects that have been reported are poorly
understood and require further documentation and
quantification. Owing to the very high prevalence
of iron deficiency and anemia in pregnancy, this area
warrants further research.

93



Maternal Weight Gain

Pregnancy weight gain was positively related to
maternal hemoglobin in a recent well-controlled,
nonintervention study in the United States.*> How-
ever, any causality needs to be confirmed by iron
intervention studies, because low iron intake is usu-
ally associated with a lower consumption of energy
and other nutrients.

Maternal Mortality

Perinatal maternal mortality may be substantially
higher in anemic women, especially if their anemia
is severe (hemoglobin <40 g/L).!33-7 This needs to
be confirmed by well-designed prospective interven-
tion studies, because most of the available data are
reported associations between maternal hemoglobin
and later mortality where small numbers of women
who died had anemia. There has been inadequate
control for potential confounding factors in nonin-
tervention studies. For example, to some extent the
higher mortality may be caused by the poorer nutri-
tional and health status, health care, and environ-
ment of women with severe anemia. However, even
moderate anemia (hemoglobin <89 g/L) was associ-
ated with twice the risk of maternal death in Britain
in 1958.% The mechanisms associated with the
higher mortality of anemic women are not well un-
derstood. Cardiac failure during labor has been iden-
tified as one cause in severe anemia.> Anemic moth-
ers may be less able to tolerate hemorrhagic blood
loss during childbirth and have a greater risk of in-
fections and slow wound healing.! The relative im-
portance of these problems needs more systematic
study to minimize the risk of mortality for the many
women who are anemic in late pregnancy.

Maternal Morbidity

There are virtually no data on the impact of mater-
nal anemia or iron deficiency on rates and severity
of infections during pregnancy, even though iron
deficiency can impair immune function. Pregnant
Indian women who were severely anemic, or who
had low serum iron or transferrin saturation, had
lower lymphocyte stimulation indices.* In another
group of pregnant Indian women, iron supplemen-
tation improved lymphocyte stimulation.*® Future
studies should record the impact of providing iron
supplements during pregnancy on maternal morbid-
ity and mortality.

Low Birth Weight and Prematurity

As early as 9-11 weeks of gestation, the time of
peak chorionic gonadotropin (hCG) production,
maternal hemoglobin is negatively correlated with
both hCG and placental lactogen concentration
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across the normal hemoglobin range.*! The placen-
tas of anemic women are heavier, as a response to
hypoxia.* The placental villous tree is reduced, but
the villous membrane is thinner to help maintain dif-
fusing capacity.* By 18 weeks of pregnancy, pla-
cental volume is negatively correlated with maternal
hemoglobin and serum ferritin.** It remains to be
determined whether these early hormonal changes
affect placental volume and weight.

Low birth weight is associated with both low
and high maternal hemoglobin or hematocrit levels,*
but the hemoglobin extremes could be caused by
other risk factors that are actually causing the low
birth weight, i.e., general malnutrition or failure of
red blood cell mass to increase in the former and
lack of plasma volume expansion in the latter. How-
ever, neither of these explanations has been tested
empirically. In addition, because hemoglobin and
hematocrit values tend to increase during the last
trimester of pregnancy from a nadir in the second,
lower birth weight caused by preterm delivery will
usually be associated with lower hemoglobin or he-
matocrit.'* Iron supplements had no effect on birth
weight in a well-controlled study in Finland,*® in an
English study of supplementation with vitamins and
minerals including iron,*” or in a poor Australian
population.”® In contrast, in the few studies that in-
cluded substantial numbers of iron-deficient women,
iron supplementation did increase birth weight sig-
nificantly.*-!

For many years there has been descriptive evi-
dence of a U-shaped association between maternal
hemoglobin concentration or hematocrit and shorter
length of gestation.’>>* In a recent study that con-
trolled for many confounding factors during data
analysis, anemia was associated with a 2.7-fold in-
crease in the relative risk of preterm delivery (< 37
weeks) and a 3.1-fold increase in low birth weight
in a young, predominantly black, low-income group
in the United States.*? Although this evidence for
harmful effects of iron deficiency anemia is quite
persuasive, several questions remain about the re-
sults of that study,” including why anemia without
iron deficiency was not a risk factor. If confirmed,
this could have major implications for who should
receive iron treatment. Clearly, a prospective iron
supplementation study is needed to resolve these is-
sues, but it would be ethically difficult to include a
group of anemic women who are given a placebo,
especially in situations where iron supplements are
provided routinely in pregnancy. In one study where
2912 women were routinely, or nonroutinely (i.e.,
only if a woman became anemic in two consecutive
visits and until the anemia was resolved), prescribed
100 mg iron per day, the mean length of gestation
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was slightly but significantly increased by 0.2 weeks
by routine supplementation in boys.*

The mechanisms by which iron deficiency or
iron deficiency anemia could induce preterm deliv-
ery have not been studied.

Infant Health

Survey data collected in the U.S. Collaborative Peri-
natal Project** and in Wales*® demonstrated a U-
shaped relationship between the number of fetal ab-
normalities and deaths and maternal hemoglobin con-
centration even in early pregnancy. To what extent
these associations are due to anemia alone rather
than to confounders such as poor maternal health is
uncertain. However, lower birth weight owing to
prematurity would be a risk for infant morbidity,
poor growth, and the early depletion of iron stores
in infancy. As discussed below, it is also possible
that iron stores are lower at birth in infants born to
iron-depleted mothers, with subsequent risk of be-
havioral and other functional deficits.

Maternal and Infant Behavior

There are no published data on the behavioral char-
acteristics of the offspring of anemic women. How-
ever, in different parts of the world iron deficiency
anemia in infants and toddlers is associated with
comparatively poor performance on developmental
scales,” which is improved by iron supplementa-
tion.>® Iron in the brain is involved in the synthesis
of neurotransmitters that affect human behavior.*
Iron deficiency reduces platelet monamine oxidase
and the functional activity of D2 dopamine recep-
tors.® It has been hypothesized from animal data
that these alterations in the dopamine system medi-
ate the observed relationships between iron deficiency
anemia and cognitive derangements.®'

An important question is whether maternal iron
deficiency causes a lowering of the availability of
iron to the young infant, with subsequent adverse
effects on brain biochemistry and cognition. At birth,
the amount of nonheme iron in the brain is about
10% of the total amount in adults, increasing to about
50% at 10 years of age.®® During the postnatal brain
growth spurt the brain could be more sensitive to
changes in the availability of iron. In animal models,
behavioral development is also affected by iron de-
ficiency,®® with reduced motor activity and changes
in the sleep cycle.

Iron deficiency anemia is likely to affect the
mother’s level of activity, attention, and motivation,
and these effects could in turn affect the frequency
and duration of interaction with her infant. Gener-
ally malnourished as well as iron-deficient infants
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maintain a closer proximity to their mothers.®* In
the Nutrition Collaborative Research Support Pro-
gram in Egypt, Kirksey et al. found that, compared
with mothers with iron deficiency anemia, normal-
iron-status mothers spent twice as much time in in-
fant care-giving.® However, this needs to be con-
firmed in an intervention trial.

Benefits of Maternal Iron Supplementation
During Pregnancy

Maternal Benefits

There is little doubt that iron supplementation in preg-
nancy improves maternal iron status in both indus-
trialized and poor countries.?*!3232747.66-6% Tncreases
in hemoglobin, hematocrit, mean corpuscular vol-
ume, serum ferritin, serum iron, and transferrin satu-
ration compared with unsupplemented controls are
usually apparent within 3 months, and the usual
depletion of maternal iron stores is reduced? or elimi-
nated!® when assessed by maintenance of serum fer-
ritin>*?*2* and bone marrow iron."

Iron supplementation during pregnancy also
improves maternal iron status postpartum. For ex-
ample, Milman et al.?>”° supplied well-nourished
Danish women with either a placebo (n=57) or 66
mg iron per day as ferrous fumarate (n=63) from 4
months of pregnancy to the end of gestation, and
measured iron status until 2 months postpartum.
From week 27 of pregnancy to 2 months postpar-
tum, hemoglobin concentrations were significantly
higher in the supplemented group. In the placebo
group, by the end of pregnancy, 92% had exhausted
their iron stores, 65% had latent iron deficiency, and
18% had iron deficiency anemia. Comparable val-
ues in the supplemented group were 54%, 6%, and
0%, respectively. Maternal serum ferritin concen-
trations were higher between 7 months of pregnancy
and 2 months postpartum. The differences between
groups were most pronounced at 2 months post-
partum, when serum ferritin concentrations aver-
aged twice those of the placebo group; in the latter
group ferritin fell to prepregnancy values at 1-8
weeks postpartum. A study of Finnish women also
reported that supplementation increased ferritin, but
not hemoglobin, concentrations postpartum.?

More direct evidence that maternal supplemen-
tation during pregnancy increases iron stores pre-
and postpartum was obtained by Svanberg et al.,"”
who measured changes in maternal bone marrow
iron stores during this period. In late pregnancy, no
unsupplemented women had “sufficient” iron stores.
In contrast, 43% of the women who took a rela-
tively high dose supplement (200 mg iron per day)
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from 16 weeks of gestation had adequate stores of
iron in their bone marrow at this time. At 2 months
postpartum, 90% of unsupplemented women had
“sparse” iron stores versus 20% in the supplemented
group.

Differences in maternal iron stores as a result
of pregnancy supplementation may persist to at least
6 months postpartum, although there are relatively
few studies of this. In one study of Finnish women,
at 6 months postpartum there were no significant
differences in hemoglobin concentrations between
women who were supplemented with 200 mg iron
per day and those who were unsupplemented dur-
ing gestation, but mean ferritin concentrations were
substantially higher (approximately 100 versus 40
pg/L).? In a small sample of women in Britain (n=21),
at 6 months postpartum those who were supple-
mented during pregnancy (60 mg iron per day) had
a mean ferritin concentration of 25 pg/L compared
with 15 pg/L for the placebo group.® The fact that
iron supplementation during pregnancy can improve
iron stores at 6 months postpartum may be very
important in countries where the interpregnancy in-
terval is short.

Infant Benefits

It is commonly believed that the fetus manages to
obtain and store normal amounts of iron even when
its mother is iron deficient, in part because of the
increase in placental transferrin receptors in iron-
deficient women. For example, a U.S. National Acad-
emy of Sciences committee recently concluded that
“so far there is little or no evidence that routine iron
supplementation is of benefit ... to indices other than
the replenishment of the iron stores of the mother
(not the infant).”?”’

Indeed, several investigators have shown no
association between maternal and infant iron status,
but most of them examined the relationships between
iron status in late pregnancy and iron indices in cord
blood in women who were not iron deficient or who
were given iron late in pregnancy. For example, no
associations were found between maternal and cord
blood hemoglobin or ferritin concentrations in iron-
supplemented Nigerian women,*’! or in French
women who were supplemented if their hemoglobin
fell below 110 g/L at 6 mo gestation.” Similarly, Rios
et al. found no difference in cord blood hemoglobin
or iron status measures of infants in the United States
born to iron-deficient (#=6) mothers compared to
mothers without deficiency (#=20),” but the sample
size was very small. Okuyama et al. observed no
relationship between maternal and cord blood he-
moglobin, ferritin, or total iron binding capacity
(n=35)." In Hong Kong, hematologic and iron sta-
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tus indices of women who were nonanemic at 36
weeks of gestation were not predictive of either he-
moglobin or ferritin in cord blood.” Iron supple-
mentation of one group of French mothers failed to
affect cord blood iron status measures, but supple-
mentation did not start until the third trimester.*”-’¢

In contrast, where anemia is more prevalent,
cord blood iron measures have been found to be
closely associated with maternal concentrations. In
a group of Indian women, 60% of whom had ane-
mia, their hemoglobin concentration at delivery was
a strong predictor of cord blood (infant) ferritin
concentrations, but not of cord blood hemoglobin.”
In Nigeria, mothers with low iron stores (serum fer-
ritin <20 pg/L) at term had significantly lower cord
serum ferritin (88 png/L) than did women with ad-
equate stores (150 ug/L)."

Studies in industrialized countries have also re-
ported higher maternal-fetal transfer of iron subse-
quent to maternal supplementation. In a recent Span-
ish study where 157 women all received 160 mg
iron per day in the second half of pregnancy, the
authors concluded that “there is no doubt about
some kind of influence of the maternal iron status
on the fetus.”” Specifically, cord blood ferritin con-
centrations were significantly lower (80 versus 123
pg/L) only for those infants whose mothers had se-
rum ferritin below 12 pg/L at 32-35 weeks of preg-
nancy. Maternal hemoglobin and hematocrit were
significantly correlated with cord blood erythrocyte
count, hemoglobin, and hematocrit values, and these
were significantly lower when maternal hemoglobin
fell below 110 g/L at 32-35 weeks of gestation.
Maternal serum iron was correlated with cord se-
rum iron.

In the previously discussed study by Milman et
al.? in which 63 pregnant Danish women were given
66 mg iron daily from 16 weeks of gestation, new-
born infants had higher cord serum ferritin concen-
trations than a placebo group (n=27; 155 versus 118
pg/L, p<0.02). Iron deficiency (cord ferritin <80
pg/L) occurred in 5% of infants in the treated group
and in 26% of placebo infants. Likewise, De Benaze
et al. supplemented 165 French women with either
a placebo or 45 mg/day of ferrous iron starting at
3-4.5 months after conception until delivery.® Fer-
ritin concentrations in cord blood were doubled by
supplementation compared with controls (210 ver-
sus 102 pg/L).

Differences in maternal compliance and timing
of supplementation may explain some of the disagree-
ment between reports. In general, the above studies
suggest that supplementation of the mother may need
to be started before about 4 months of gestation to
have a major impact on infant iron stores at birth,
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especially in well-nourished women,?3:66.70

Another problem is that cord blood or early post-
partum measures of hemoglobin, hematocrit, or fer-
ritin may be relatively insensitive indicators of in
utero iron storage. Sisson and Lund found no rela-
tionship between maternal anemia (low hemoglobin)
in the late third trimester and infant hemoglobin con-
centrations at 3—5 days postpartum (n=66), but re-
ported a “distinct” difference between the blood
volumes, red cell volumes, and total circulating he-
moglobin mass of infants from nonanemic (n=12)
and severely anemic (n=13) mothers that reflected
maternal hemoglobin in late pregnancy.”

Almost all studies of the relationship between
maternal and infant iron status have ended at birth.
A stronger association might occur later in infancy;
after 4—6 months, postnatal destruction of fetal he-
moglobin has ended, hemoglobin and ferritin mea-
sures become more stable,®* and breast feeding or
weaning puts stress on infants’ iron stores. The only
three studies extended to older infants suggest that
maternal iron status during pregnancy is, in fact, a
strong predictor of later infant iron status. In 1933,
when breast feeding was the norm and iron-forti-
fied infant foods were unavailable, Strauss reported
that the hemoglobin and red blood cell count of new-
born infants was unrelated to maternal anemia, but
at 1 year of age those born to anemic mothers had
half the hemoglobin concentration of infants born
to nonanemic women.®!

One of two more recent studies was a French
investigation where 165 women received either a
placebo or 45 mg ferrous iron per day from 3 to 4.5
months after conception until delivery.®® As described
previously, the cord blood of supplemented mothers
contained twice the ferritin concentration of the pla-
cebo group. Equally striking is that values were 238
pg/L (supplemented group) versus 111 pg/L in the
infants at 2 months postpartum. Unfortunately, no
later measures were made.

The second longer-term investigation was the
prospective Valencia Infant Anaemia Cohort study,
designed to examine the relationship between iron
deficiency during pregnancy and the development
of iron deficiency in 156 infants. Exposure was de-
fined as being born to a mother with iron deficiency
anemia (hemoglobin <110 g/L, and ferritin <12 pg/
L) at delivery (n=63), and cases (n=14) were de-
fined as infants who developed anemia or iron defi-
ciency anemia (hemoglobin <110 g/L and ferritin <12
png/L) during their first year of life. Infants of ane-
mic mothers were more likely to become anemic by
12 months of age (odds ratio 6.57), even control-
ling for possible confounders such as socioeconomic
status, feeding practices, and morbidity. These ob-
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servations need to be confirmed in an intervention
study.

Because breast milk has been considered to pro-
vide an adequate amount of iron until the infant is
about 6 months old, there has been relatively little
concern about the iron status of young infants (i.e.,
< 6 months old) who are predominantly or exclu-
sively breast-fed in developing countries. Reviews
of iron prevalence in developing countries reveal that
little information is available about the prevalence of
anemia in this group.®® Some published studies re-
veal a surprisingly high prevalence of anemia in the
first 6 months.?% Either these infants are born with
lower iron stores or the earlier iron deficit is caused
by higher morbidity—although the risk of infection
is usually relatively low in breast-fed infants before
6 months postpartum. There is also considerable
doubt about the cutoff values for hemoglobin in this
age group. Given the strong promotion, for other
positive reasons, of exclusive breast-feeding for in-
fants in poor environments, it is important to fur-
ther study the timing and onset of anemia in early
infancy and to determine whether it is related to
maternal iron deficiency.

Recommendations for Iron Supplementation
During Pregnancy

Recommendations made in 1990 by the Institute of
Medicine’s Committee on Nutritional Status During
Pregnancy and Lactation (United States) were to
provide 30 mg iron per day.'* The recommendation
was to supplement all pregnant women, regardless
of iron status, because of the potential benefits to
maternal and fetal health and the difficulties and cost
involved in diagnosing iron deficiency throughout
the course of pregnancy. The rationale for the 30
mg dose includes the fact that the efficiency of ab-
sorption falls with higher doses; 30 mg per day should
provide the additional 6 mg of absorbed iron per day
required; higher doses can induce side effects such
as diarrhea, constipation, nausea, heartburn, and
upper abdominal discomfort; and as little as 38—65
mg per day for a few weeks may reduce zinc ab-
sorption in pregnancy.’® Supplements containing 18
mg iron per day left 52% of pregnant women with
empty iron stores at 30 weeks, and 72% at 38
weeks.®” The Institute of Medicine also recom-
mended that the supplements should be taken in tri-
mesters 2 and 3, when the efficiency of absorption
has increased and there is less risk of pregnancy-
related nausea and vomiting attributed to the supple-
ments. However, a recent international review by
the World Bank found that noncompliance with iron
therapy could not often be attributed to side effects.®
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A subsequent Institute of Medicine Committee
on Iron Deficiency Anemia also provided guidelines
for preventing and treating iron deficiency anemia
in pregnant women.® These are more complex, and
include screening for both anemia and serum fer-
ritin prenatally and during each trimester of preg-
nancy. Treatment with iron is recommended only if
there is evidence of anemia and/or iron deficiency.
The dose of iron to be given (30 or 60—120 mg/day)
depends on the extent of deficiency. Although these
recommendations may be appropriate in practices
where women routinely visit their physician during
pregnancy, they are less likely to be effective where
resources for ferritin analyses are unavailable and
when medical care during pregnancy is sporadic.

The United Nations Administrative Committee
on Coordination/Sub Committee on Nutrition rec-
ommends that 60 mg ferrous iron and 250 pg folate
should be supplemented in regions where there is a
low prevalence of iron deficiency anemia (hemoglo-
bin <110 g/L in <20% of women in the second half
of pregnancy). In areas where the prevalence of iron
deficiency anemia is high, the dose should be 120
mg elemental iron and 500 pg folate.”

Currently there is interest in the possibility that
iron supplementation once a week might be as ef-
fective as daily supplementation in improving iron
status.”! This is currently being studied in pregnant
women, and may affect public health strategies to
improve iron status during pregnancy.

Conclusion

Iron deficiency likely affects the majority of preg-
nant women, even in industrialized countries. In most
of these women, iron status will improve within a
few months postpartum. Without iron supplementa-
tion, women who enter pregnancy with their iron
stores already depleted and/or who habitually con-
sume a diet low in bioavailable iron are likely to be-
come progressively more iron depleted with the birth
of each child and to be chronically anemic and iron
deficient. There is little doubt that women in the lat-
ter situation should receive routine iron supplemen-
tation during pregnancy.

The extent to which maternal iron deficiency
affects maternal and neonatal health is still uncer-
tain. This review has described the circumstantial
data suggesting that maternal anemia and/or iron
deficiency is associated with premature delivery and
higher maternal mortality, and possibly lower preg-
nancy weight gain, poorer maternal immune status,
and lower birth weight. However, these outcomes
have not been evaluated systematically in random-
ized, prospective intervention trials that include a
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sufficient number of iron-deficient women, control-
ling for possible confounding factors. Thus, there
is insufficient information to assess the overall ad-
verse impact of anemia and iron deficiency during
pregnancy.

This situation of uncertainty has led to contro-
versy among agencies concerned with iron defi-
ciency during pregnancy. A recent National Acad-
emy of Sciences report concluded that “the fact that
iron supplementation during pregnancy has been
routine in the United States for decades does not
provide a body of evidence that it is, overall, advan-
tageous; the support for the practice is based on an
extrapolation from an incomplete database.”® In
1993, the U.S. Preventive Services Task Force
(USPSTF) concluded that evidence was insufficient
to recommend for or against routine iron supple-
mentation of the pregnant woman. Their position
was summarized as follows:

Although observational data suggest that preg-
nant women with anemia (hemoglobin levels less
than 100 g/L) are at increased risk of preterm
birth, low birth weight, and other adverse out-
comes, it is not clear from such evidence
whether anemia is responsible for these out-
comes and whether they can be prevented
through iron supplementation. Similarly, it is
unclear whether iron supplementation during
pregnancy can reduce the incidence of iron de-
ficiency in infants, a condition that has been
associated with delayed psychomotor develop-
ment. Although iron supplementation can im-
prove maternal hematological indexes, controlled
clinical trials have failed to demonstrate that iron
supplementation or changes in hematologic in-
dexes actually improve clinical outcomes for the
mother or the newborn.”

Other groups also believe strongly that iron
supplementation is unnecessary for nonanemic preg-
nant women. This is a widely held view in Britain?'®?
and other European countries. For example, Barrett
et al. in Britain suggested recently that “prophylac-
tic iron supplements taken during normal pregnancy
have never been shown to offer any clinical benefit;
on the contrary, growing evidence exists that iron
supplements may be harmful.”?!

Another significant gap in existing information
is whether maternal iron status affects the function
of the infant. The USPSTF found that “future stud-
ies need to address clinical outcomes that are rel-
evant to the health of the mother, fetus and new-
born. Data examining the effects of iron supplemen-
tation during pregnancy on long-term pediatric out-
comes (e.g., growth, cognitive development, school
performance) are currently unavailable and should
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be a focus of future research.”?

Because of the very high prevalence of iron de-
ficiency during pregnancy and the circumstantial
evidence of its detrimental effects on maternal and
infant function, research to answer these questions
is urgently needed. Presently, millions of women
remain anemic and iron deficient during pregnancy
even in industrialized countries, despite public health
efforts such as supplementation to alleviate this con-
dition."!*% Tt is possible that efforts to improve the
situation, and compliance by mothers, might be im-
proved if adverse impacts of iron deficiency during
pregnancy were better documented. Conversely, if
the impacts are minimal, it may be more appropriate
on a global scale to focus on severe anemia and to
view pregnancy as a situation of temporary anemia
and iron depletion that does not require intervention
in every woman.
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