
comes (eg, growth, cognitive develop¬
ment, and school performance) are cur¬

rently unavailable and should be a focus
of future research. Moreover, there are

inadequate data to determine whether
giving iron supplements only to preg¬
nant women with documented iron de¬
ficiency is less or more cost-effective than
routine supplementation. The answer de¬
pends on the proportion of women who
will require supplements after testing
and the costs of the tablets and tests.
Modeling studies are also needed to com¬

pare the relative effectiveness and cost
of routine supplementation and selective
supplementation after hématologie and/
or iron-storage screening.
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Routine Iron Supplementation
During Pregnancy
Review Article
US Preventive Services Task Force

MINERAL and vitamin supplements are

prescribed routinely to pregnant women
in the United States as a normal part of
prenatal care. These supplements are

usually prescribed as preparations that
include 25 to 65 mg of elemental iron,
along with other minerals (eg, calcium,
zinc, magnesium, and copper) and vita-
mins. Few studies have examined the
clinical effectiveness of prenatal vitamin
preparations as a group. In this report,
the US Preventive Services Task Force
examines the efficacy and effectiveness
of iron in improving outcomes for the
mother, fetus, and developing child.

Iron is prescribed routinely, even
without laboratory evidence of anemia
or iron deficiency, because both condi-
tions are thought to be common during
pregnancy; potentially harmful to the
mother, fetus, and newborn; and pre-
ventable through iron supplementation.

Reprint requests to the Office of Disease Prevention
and Health Promotion, US Public Health Service, 330 C
St SW, Room 2132, Switzer Bldg, Washington, DC
20201 (Steven H. Woolf, MD, MPH).

The purpose of this review is to evalu-
ate these assumptions, based on current
scientific evidence from published clini-
cal research. Recommendations based
on this evidence are provided in the ac-

companying policy statement.1
The specific chain ofassumptions that

underlies routine iron supplementation
and form the outline for this review fol¬
low:

1. Prevalence: A large number of
pregnant women are iron deficient and/
or anemic.

2. Burden of suffering: The presence
of iron deficiency or anemia in the mother
is potentially harmful to the mother, fe¬
tus, and newborn.

3. Efficacy: The use ofiron supplements
can reduce the incidence of these com¬

plications, presumably by improving iron
stores in the mother, fetus, and newborn.

4. Safety: The potential benefits of
iron supplements outweigh their adverse
effects.

5. Compliance: Pregnant women will
take enough iron during pregnancy to
achieve the intended benefits.

This review is intended to provide cli¬
nicians with information about the effi¬
cacy of iron, either as a component of pre¬
natal vitamin preparations or as a single
agent. The value of other constituents in
prenatal vitamin preparations (eg, folie
acid) is not specifically reviewed, nor does
the report address the role of iron-con¬
taining foods. The review addresses iron
supplementation at any time during preg¬
nancy and is not restricted to a specific
trimester. It does not address dietary fac-

Members of the US Preventive Services Task
Force are Harold C. Sox, Jr, MD, chairman;
Donald M. Berwick, MD, MPP, vice chair-
man; Alfred O. Berg, MD, MPH; Paul S. Frame,
MD; Dennis G. Fryback, PhD; David A.
Grimes, MD; Robert S. Lawrence, MD; Rob-
ert B. Wallace, MD; A. Eugene Washington,
MD, MSc; and Modena E. H. Wilson, MD,
MPH. This article was written by Steven H.
Woolf, MD, MPH, science advisor, US Pre-
ventive Services Task Force and A. Eugene
Washington, MD, MSc.
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tors that influence iron absorption or be¬
havioral factors that influence compliance
with supplementation. The reader is ad¬
vised that the studies reviewed in this
report often use inconsistent or vague defi¬
nitions of anemia and iron deficiency.
Study designs were categorized using the
codes of the US Preventive Services Task
Force (see Table 2 in accompanying policy
statement1). Iron dosages in this report
refer to elemental iron except where oth¬
erwise specified.
PREVALENCE OF ANEMIA AND
IRON DEFICIENCY DURING
PREGNANCY

Both anemia and iron deficiency are
common during pregnancy. Low hemo¬
globin concentrations are a normal physi¬
ologic response to the expansion in
plasma volume that occurs during preg¬
nancy. The normal pattern is for hemo¬
globin concentrations to fall by about 20
g/L, reaching a nadir in the second tri¬
mester, and to return to near prepreg-
nancy levels by term.2 Pregnant women
are considered to be anemic when hé¬
matologie indexes fall 2 SDs or more
below "normal" levels,2 although defi¬
nitions for normal vary. In a 1968 re¬

port, the World Health Organization3
defined anemia during pregnancy as a

hemoglobin concentration less than 110
g/L. More recently, the Centers for Dis¬
ease Control and Prevention4 modified
the definition to include hemoglobin con¬
centrations less than 110 g/L during the
first and third trimesters and less than
105 g/L during the second trimester, or
a hematocrit less than 0.32.

Using either definition, the exact
prevalence of anemia among pregnant
women in the United States is uncer¬

tain, although it is commonly thought to
be high. Some have estimated that a

hemoglobin level of less than 110 g/L
and a hematocrit of less than 0.32 occurs
in one third to one half of pregnant
women who do not use iron supple¬
ments.5 Data from the Pregnancy Nu¬
trition Surveillance System indicate that
a low hemoglobin level and/or low he¬
matocrit is present in 4% ofwhite women
and 13% ofblack women during the first
trimester and in 19% of white women
and 38% ofblack women during the third
trimester.6

The most common cause of anemia
among American women is iron defi¬
ciency. The average adult woman loses
about 14.3 pmol (800 µg) of iron daily as

part of normal physiologic losses and an
additional 9.0 pmol (500 µg) daily due to
menstruation, averaged over the entire
menstrual cycle. Pregnant women re¬

quire an even greater amount of iron
due to an expanded red blood cell vol¬
ume, the needs of the fetus and pia-

centa, and blood loss at delivery.7 About
1 g of iron is needed to replace net losses
during pregnancy, which occur prima¬
rily in the second and third trimesters
(about 6 mg of iron per day for the
6-month period in women who start
pregnancy with absent or minimal stor¬
age iron).2,7 The average nonpregnant
woman obtains only about 1.3 mg of ab¬
sorbed iron per day from the American
diet.

The exact prevalence ofiron deficiency
among pregnant women in the United
States is uncertain. Data for nonpreg¬
nant women from the National Health
and Nutrition Examination Survey8 sug¬
gest that about 5% to 10% of women

aged 20 to 44 years are iron deficient.
The prevalence in pregnant women is
thought to be higher because of the
added physiologic demands of preg¬
nancy, but exact data are lacking. Iron
deficiency anemia is more common in
certain high-risk groups, such as per¬
sons of low socioeconomic status or lim¬
ited education; black or Hispanic per¬
sons; women with high parity, or those
with a history of menorrhagia or mul¬
tiple gestations; persons with diets that
are low in both meat and ascorbic acid;
persons who donate blood more than
three times per year; adolescents; and
persons who use aspirin regularly.2
BURDEN OF SUFFERING

The second premise for routine iron
supplementation is that iron deficiency
or anemia in the mother can harm
the mother, fetus, or developing child.
Evidence to support these concerns
follows:

Effects of Anemia and Iron
Deficiency on the Mother

Among the postulated risks to the
mother are increased fatigue and de¬
creased work performance; cardiovas¬
cular stress due to inadequate hemo¬
globin and low blood oxygen saturation;
impaired resistance to infection; and poor
tolerance to heavy blood loss and sur¬

gical interventions at delivery.5,9"12 There
is also a theoretical risk that anemic
women are more likely to require blood
transfusions (a risk factor for infectious
diseases) and emergent cesarean sec¬

tion, but data to support these concerns
are lacking.

Iron deficiency anemia may be asso¬
ciated with decreased work productiv¬
ity. Studies in Africa demonstrated that
anemic industrial workers (Hgb <90 g/L)
had poorer cardiovascular fitness than
nonanemic workers13 and that iron
supplementation reversed these defi¬
cits.14 A study of Indonesian rubber plan¬
tation workers15 demonstrated that ane¬
mic workers (Hgb <130 g/L) had sig-

nificantly poorer endurance on the Har¬
vard Step Test, performed less work,
and earned less income than coworkers
without anemia. When compared with
anemic workers who were treated with
placebo, anemic workers who received
100 mg of iron daily for 60 days had
significantly lower rates of infectious ill¬
ness and had improved fitness and work
productivity. The relationship of iron
deficiency and infection has been dis¬
cussed in the literature for more than 60
years, but clear evidence of an associa¬
tion is lacking.16 Studies of iron defi¬
ciency have reported lower rates of in¬
fection in supplemented children than in
controls,17 but design flaws have raised
questions about confounding. Other
studies have shown no significant dif¬
ference in infection rates between
supplemented and unsupplemented
children.18

Few studies of the health effects of
iron deficiency have included women. A
Swedish survey19 of 1462 women com¬

pared the complaints of 82 anemic
women (Hgb <120 g/L) with nonanemic
women and found no difference in the
incidence of reported infections, fatigue,
sleeping difficulties, headache, or work
absenteeism. Anemic women were sig¬
nificantly more likely to report low work
productivity than nonanemic women

(10% vs 5%). Elwood et al20 found that
physical symptoms of anemia are gen¬
erally unapparent unless hemoglobin val¬
ues fall below 70 to 80 g/L.
Effects of Anemia and Iron
Deficiency on the Fetus
and Newborn

The postulated risks of iron deficiency
on the fetus relate to the impaired de¬
livery ofhemoglobin and thus oxygen to
the uterus, placenta, and developing fe¬
tus. The effects on the mother and fetus
are thought to account for the large body
ofobservational data from epidemiologie
studies that link anemia/iron deficiency
with low birth weight, prematurity, and
other adverse obstetrical outcomes. Be¬
ginning with studies of famine victims
during World War II, decades of retro¬
spective observational studies have
shown that pregnant women with poor
nutritional status are more likely to have
adverse obstetrical outcomes (eg, prê¬
terai birth and perinatal mortality) than
well-nourished women.5 The association
between anemia and preterm birth has
been well documented for more than 30
years. Most of the studies are cross-
sectional observational studies (grade
II-2 evidence), in which neonatal health
parameters (eg, birth weight, gestational
age, and death) are compared with con¬
current or antenatal maternal hémato¬
logie indexes. Relevant data have been
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obtained in developing and industrial¬
ized countries.

Developing Countries.—Studies con¬
ducted in the developing world have
documented outcomes associated with
severe anemia during pregnancy. Se¬
vere anemia is common in these coun¬

tries, due largely to malaria and other
parasitic diseases. Although simple iron
deficiency (the topic of this review) is
rarely the primary cause, these data pro¬
vide useful information about the ob¬
stetrical complications ofsevere anemia.
For example, Macgregor21 measured the
hemoglobin level of 3950 pregnant
women in Kenya during 1957 through
1961. The incidence of low birth weight
(5 pounds 8 ounces [2464 g] or less) was
13% in the normal group (Hgb a89 g/L),
32% in the moderate anemia group (Hgb
75 to 88 g/L), and 42% in the severe
anemia group (Hgb <74 g/L). Neonatal
deaths per 1000 live births were 22 in
the normal group, 29 in the moderate
anemia group, and 50 in the severe ane¬
mia group. Stillbirths per 1000 births
were 51 in the normal group and 150 and
147 in the moderate and severe anemia
groups, respectively. The incidence of
preeclampsia was 22% in women with
severe anemia, compared with a gen¬
eral incidence of 14%. Low birth weight
occurred in about 50% of preeclamptic
women with severe anemia, compared
with the typical incidence of 19% in
preeclamptic women.

More recent cross-sectional studies
have found similar results. An Ivory
Coast22 study found that mean birth
weight was significantly lower (2881 g
vs 3070 g) in newborns of anemic moth¬
ers (Hgb <100 g/L) than in nonanemic
mothers. An Indian study23 found that,
although mild to moderate maternal ane¬
mia (Hgb 61 to 100 g/L) at delivery was
not associated with lower birth weight
or gestational age, newborns of women
with severe anemia (Hgb <60 g/L) had
significantly lower birth weight (2183 g
vs 2599 g) and gestational age (36.4
weeks vs 37.7 weeks) than newborns of
nonanemic mothers (Hgb >100 g/L). A
study in malaria-endemic Papua New
Guinea24 found that low birth weight
(<2500 g) occurred in 65% ofprimigrávi¬
das with severe anemia (Hgb <80 g/L),
compared with 27% in primigrávidas
with mild or no anemia (Hgb 80 to 140
g/L). A Nigerian study,2,5 which com¬

pared maternal hematocrit at the first
antenatal visit with neonatal mortality
in nearly 20000 births, found that the
incidence of neonatal deaths increased
from 3% for hematocrits of 0.26 or

greater to 20% for hematocrits of0.14 or
lower.

Industrialized Countries.—Studies in
the United States and Europe have dem-

onstrated that even mild to moderate
anemia can be associated with adverse
obstetrical outcomes. Klein20 reviewed
the birth certificates of 68 241 neonates
in Georgia during 1945 through 1959 and
found birth weights less than 2500 g in
8% ofwomen without anemia (Hgb > 100
g/L) and in 14% of anemic women. In
50 000 pregnancies followed by the Na¬
tional Collaborative Perinatal Project
of the National Institute of Neurologi¬
cal Disorders and Stroke, the probabil¬
ity of a medical abnormality, fetal death,
low birth weight (<2500 g), and prê¬
terai birth (£37 weeks) was higher in
women with low and high hemoglobin
levels.27 In Boston, a case-control study28
involving 8163 women found that ane¬
mia (hematocrit <0.34) was present in
42% of women with preterm births but
only 16% of those with term births. In
a case-control study29 involving 1706
pregnant women in California, the odds
ratio for preterm birth was 1.9 (95%
confidence interval [CI], 1.2 to 3.0) for
anemia at any time during the second
trimester. A prospective cohort study30
involving 826 pregnant women at inner-
city clinics in New Jersey reported an

adjusted odds ratio of 2.66 (95% CI,
1.2 to 6.2) for preterm delivery and of
3.10 (95% CI, 1.16 to 4.39) for low birth
weight among women with iron defi¬
ciency anemia.

Studies in Europe have reported simi¬
lar results. In Wales, a retrospective
cohort study31 involving more than 54 000
pregnancies found that perinatal mor¬

tality, low birth weight, and pretermbirths were more common in women with
low hemoglobin levels (<104 g/L) and
high hemoglobin levels (>132 g/L) than
among women in the normal range (Hgb
104 to 132 g/L). In contrast, a prospec¬
tive cohort study32 of 796 women in the
Netherlands suggested that low hemo¬
globin levels were not associated with
adverse outcomes. Although low birth
weight (<2500 g) and preterm birth
(<37 weeks) were more common in
women with elevated hemoglobin con¬
centrations (>8.0 mmol/L), there was
no significant difference for normal (Hgb
7.0 to 7.9 mmol/L) and anemic (Hgb <6.9
mmol/L) women. Low birth weight oc¬
curred in 15% of women with high he¬
moglobin levels, but it occurred in only
5% and 4% of women with low and nor¬
mal hemoglobin levels, respectively.

These cross-sectional and longitudi¬
nal observational studies provide grade
II-2 evidence that anemia during preg¬
nancy is associated with perinatal death,
preterm birth, and low birth weight. The
consistency of results across different
study designs and population samples is
noteworthy. There are important limi¬
tations, however, to using this type of

evidence to postulate that these out¬
comes are caused by anemia or iron de¬
ficiency. Most of the studies do not con¬
trol for other factors that can cause low
birth weight and prematurity (eg, smok¬
ing), making it unclear whether anemia
and iron deficiency are merely associ¬
ated with these variables rather than
having a direct influence on pregnancy
outcomes. Studies in developing coun¬
tries may also be misleading, since fac¬
tors associated with malaria and other
endemic causes of anemia may be more

directly responsible for the observed out¬
comes than iron deficiency.
Effects of Anemia
and Iron Deficiency
on the Developing Child

Another postulated risk ofanemia and
iron deficiency is that mothers with these
conditions may give birth to infants with
anemia or iron deficiency and that this
may result in abnormal child develop¬
ment if the deficiencies are not corrected
early.11 Observational studies33"38 have
shown that iron-deficient infants score

poorly during infancy on tests of mental
and psychomotor development and that
iron supplementation does not correct
test scores during infancy. Five-year fol¬
low-up studies ofchildren who were iron
deficient as infants show that they con¬
tinue to demonstrate poor mental and
psychomotor scores, even if their hé¬
matologie status has normalized.39

Investigators note that these observa¬
tional studies do not prove that iron de¬
ficiency anemia, and not other factors as¬
sociated with iron deficiency, causes the
poor performance.39 There is some evi¬
dence that iron supplements can improve
the cognitive function of children.40 But
even if this is true, it is unclear whether
iron supplementation during pregnancy
can lower the incidence of iron deficiency
in children, since studies have not con¬
firmed a correlation between maternal
and neonatal iron stores. Although there
is some evidence to suggest otherwise,41
most studies suggest that pregnant
women who are iron deficient are no more

likely to give birth to iron-deficient new¬
borns than women who have adequate
iron stores.4"9 Maternal protective
mechanisms, in cases other than severe
maternal anemia, allow the fetus to
achieve proper hemoglobin and iron
stores, regardless of maternal values.2,50
Nor is there evidence of a direct corre¬
lation between the intake or storage of
maternal iron and the iron content of
breast milk.51"53 There is little direct evi¬
dence that pregnant women who take
iron supplements give birth to infants or
children with improved mental or psy¬
chomotor performance. Factors other
than the iron status of the mother during
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pregnancy appear to account more di¬
rectly for the iron status of children be¬
yond the neonatal period.
EFFICACY

The third premise for routine iron
supplementation is that iron can reduce
the incidence of obstetrical complica¬
tions, presumably by correcting héma¬
tologie indexes. Although evidence to
date is inconclusive, a large body ofdata
suggest that iron supplements are ef¬
fective in improving the hématologie in¬
dexes of the mother. Longitudinal stud¬
ies5459 in which 30 to 200 mg of iron were

given daily have shown a statistically
significant increase (10 to 17 g/L) in he¬
moglobin concentration in women tak¬
ing supplements. As noted earlier, how¬
ever, maternal iron supplements do not
appear to have a consistent effect on the
hématologie status of the fetus or new¬
born.2

The US Preventive Services Task
Force sought evidence regarding the
ability of iron supplements to improve
clinical outcomes in either the mother or
newborn (eg, low birth weight and pre¬
term birth). The review did not address
the biological effectiveness of iron
supplements in changing nonclinical out¬
comes (eg, hematocrit, hemoglobin, and
ferritin levels). The bibliographic sources
and the specific inclusion and exclusion
criteria that were used in the literature
review are available on request. The
review sought all observational studies
and clinical trials published between 1966
and 1991 in the English-language lit¬
erature. Studies were excluded if they
did not measure clinical outcomes in ei¬
ther the mother or newborn.

The review found limited evidence
that iron supplements can reduce the
incidence of complications from iron de¬
ficiency or anemia. The literature on this
topic includes two types of evidence: (1)
observational data regarding the inci¬
dence of obstetrical outcomes in women
who take iron supplements; and (2) clini¬
cal trials attempting to prove that iron
supplements reduce the incidence of ad¬
verse obstetrical outcomes.

Observational Studies
of Iron Supplementation
and Obstetrical Outcomes

Several observational studies have re¬

ported clinical outcomes in pregnant
women who used iron supplements.
These retrospective and prospective co¬
hort studies (grade II-2 evidence) were
conducted in developing and industri¬
alized countries.

Developing Countries.—A previously
mentioned Kenyan study21 found that
women with moderate to severe anemia
(Hgb £88 g/L) had a lower risk of ad-

verse outcomes if they were treated with
ferrous sulfate (194 mg). The preterm
birth rate was 35% in untreated women
and 9% in treated women. Stillbirths
per 1000 births were 157 in untreated
women and 26 in treated women. The
neonatal death rate was unchanged, and
there were no significant benefits of
treatment for women with mild anemia
(Hgb >89 g/L). In a retrospective co¬
hort study, Harrison and Ibeziako60 re¬
viewed the records of 185 Nigerian preg¬
nant women who were hospitalized for
severe anemia (hematocrit of0.6 to 0.25)
during the second trimester. Treatment
included chloroquine, pyrimethamine,
folie acid, and ferrous sulfate. Birth
weights below the 25th percentile oc¬
curred in 35% of women who responded
to therapy (hematocrit greater than 0.30
at delivery) and in 54% of women who
remained anemic at delivery (hematocrit
of 0.26 to 0.30).

Industrialized Countries.—Taylor
and Lind61 reported two surveys in which
the effects of iron supplementation were
measured indirectly in women at a Brit¬
ish maternity hospital. The first survey
involved 200 unselected women: 97
women were already taking iron supple¬
ments at the start of the study, and the
remainder were asked to not begin
supplementation. The investigators
found no significant difference in the
birth weights of the two groups (3264 g
vs 3315 g). The second survey was a

retrospective cohort study comparing
50 women who took no supplements with
50 women who used iron and folate.
There was no significant difference be¬
tween the groups in either birth weight
(3447 g vs 3459 g) or gestational age
(283.9 days vs 285.3 days).

In a prospective, controlled cohort
study in Sweden, Kullander and Kallen62
collected data on 6376 women in Malmo
in 1963 through 1965. They found that
women who took iron and vitamin
supplements were significantly less
likely to give birth before 38 weeks than
women who did not use such supple¬
ments. Preterm births occurred in 6%
to 9% of the treatment groups and in
11% to 13% of the control groups. The
birth weight of boys (but not girls) was

significantly higher in women who took
iron and vitamins than in those who took
no supplements. A case-control analysis
of the data revealed that supplement
use was lower among women who had
induced abortions and perinatal pathol¬
ogy (stillbirth and major malformations)
than among women who gave birth to
normal infants. The previously men¬
tioned study by Knottnerus et al32 found
no relationship between the use of iron
supplements and either low birth weight
or preterm birth.

There are obvious problems with us¬

ing observational studies to draw con¬
clusions about the clinical effectiveness
of iron supplementation. Many lacked
statistical power, and interventions dif¬
fered widely between studies. In some

studies, women in the intervention
groups received iron along with vita¬
mins, folate, and even antimalarial drugs.
Beneficial effects observed in these
treatment groups therefore cannot be
attributed specifically to iron. More im¬
portantly, without proper control for con¬

founding variables, it is difficult to know
whether women who took iron supple¬
ments had other characteristics (eg,
healthier lifestyle) that reduced their
risk of adverse outcomes. The neces¬

sary study design to control for these
variables is a randomized controlled trial.

Clinical Trials
Most clinical trials of iron supplemen¬

tation have used changes in hématologie
indexes as the measure of effect, with
only a few examining clinical outcomes.
One of the first trials to assess health
outcomes used subjective measures. In
a double-blind, randomized, controlled
trial, Paintin et al63 studied 173 first-
trimester primigrávidas who attended
a British clinic and who had a hemoglo¬
bin level greater than 100 g/L. The
women were randomized to receive ei¬
ther 105 mg per day of iron aminoate, 12
mg per day of iron aminoate, or a pla¬
cebo during weeks 20 to 36. At the 30th
week ofgestation, a questionnaire asked
women about overall well-being, work
productivity, dyspnea on exertion, and
fatigue. The investigators found no sig¬
nificant difference in the responses of
the three groups or in the birth weights
of their children.

A randomized controlled trial,64 which
involved about 3600 women at a prena¬
tal clinic in Scotland between 1964 and
1966, randomized the women to five
groups that received a placebo, iron only
(105 mg/day), and three combinations of
folie acid and iron, respectively. Héma¬
tologie indexes in the treatment groups
appeared to improve. However, in the
2800 patients in whom obstetrical and
neonatal complications were reported,
the study found no difference between
groups in the incidence of adverse out¬
comes (antepartum and postpartum
hemorrhage, abruptio placentae, re¬
tained placenta, puerperal fever or sep¬
sis, toxemia, fetal distress, preterm birth,
low birth weight, and neonatal death).

In a clinical trial that is only available
in English in abstract form, Primbs65
compared outcomes in 128 pregnant
women in three groups that received
placebo and two different preparations
of iron, respectively, starting at 20 to 24
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Causal Chain for Routine Iron Supplementation During Pregnancy

Elements of Causal Chain
Grade of
Evidence Limitations of Evidence

Prevalence: a large number of pregnant
women are iron deficient and/or
anemic

Precise data for pregnant women
are lacking

Burden of suffering: the presence of iron
deficiency or anemia in the mother is
potentially harmful to the mother,
fetus, and newborn

Mother I, 11-1 Most studies involve men

Fetus Most studies do not adjust for other
factors associated with poor
pregnancy outcomes

Child II-2 Studies do not address benefits of
maternal supplementation

Efficacy: the use of iron supplements
can reduce the incidence of
complications, presumably by
improving iron stores in the mother,
fetus, and newborn

II-2 Most studies do not adjust for other
factors associated with poor
pregnancy outcomes

Most trials report no benefit but may lack
statistical power; trials showing benefit
may lack internal or external validity
(see text)

Safety: the potential benefits of iron
supplements outweigh their adverse
effects

II-3 Few data available regarding magnitude
of adverse effects

Compliance: pregnant women will take
enough iron during pregnancy
to achieve the intended benefits

II-3 Data based on self-reports

weeks' gestation. Although hématologie
indexes improved in the iron-supple¬
mented women, the study found no sig¬
nificant differences in the length of ges¬
tation, duration of labor, type of deliv¬
ery, fetal head circumference or size, or
birth weight.

In a double-blind, randomized, con¬
trolled trial in Australia,66 146 women

attending a prenatal clinic were random¬
ized into five groups that received daily
placebo, ferrous sulfate (150 mg), folie
acid (0.5 mg), ferrous sulfate and folie
acid, or ferrous sulfate and high doses of
folie acid (5 mg). Although hématologie
indexes improved significantly, no sig¬
nificant differences in fetal outcomes (fe¬
tal distress, gestational age, placental
weight, or birth weight) were noted
among the five treatment groups. The
placenta was larger in the anemic
women.

Groner et al67 examined the effects of
iron supplements on maternal short-
term memory and attention span. Thirty-
eight adolescents attending an inner-
city pregnancy clinic between 1981 and
1982 were randomly assigned to take
either vitamins or a combination of vi¬
tamins with 180 mg of ferrous fumarate
for 1 month. Before and after treatment,
both groups were given six psychomet¬
ric tests. Both groups showed little im¬
provement in scores with treatment,
with the exception of the Digit Symbol
and Consonant Trigrams tests, for which
the experimental group had more im¬
proved scores than controls.

In a quasi-experimental study in In¬
dia, Agarwal et al68 assigned 418 preg¬
nant women to a study group that re-

ceived 60 mg of iron and 500 µg of folie
acid daily for 100 days or to a control
group that received no supplementation.
The women attended six rural health
care centers, and three centers were

randomly selected to provide the study
group and three centers provided the
control group. The authors did not de¬
scribe the randomization method or
whether the women in the two groups
were comparable by demographic or
other variables. They reported that
mean birth weight was significantly
higher in the study group than in the
control group (2.9 kg vs 2.6 kg). A birth
weight less than 2.5 kg was reported in
38% of the control group and in 20% of
the study group.

In a large randomized controlled trial,
Hemminki and Rimpela69 compared rou¬
tine and selective prescription of iron
during pregnancy. Nearly 3000 women
at 27 maternity health centers in Fin¬
land were randomized to a "routine"
group that was advised to take 100 mg
of elemental iron daily beginning by the
17th week of gestation or to a "selective
group" that was advised to take iron
only if certain hématologie parameters
were present. Women in the selective
group had lower hematocrit levels, but
there were few significant differences
in maternal outcomes. Self-estimates of
well-being and fatigue, number of sick
days, and incidence of fever were simi¬
lar in both groups. Most other outcomes
(duration of labor, oxytocin use, instru¬
mental delivery, fever, and duration of
postpartum stay) were also similar in
both groups. Women in the selective
group were more likely to report poorer

overall health and to require transfu¬
sion and operative delivery, perhaps be¬
cause of their lower hematocrit levels.

Gestational age at delivery was

greater in the routine group than in the
selective group (39.9 weeks vs 39.7
weeks), a difference that was statisti¬
cally significant, but there was no dif¬
ference in birth weights. Newborn health
status, as measured by Apgar scores,
perinatal mortality, incidence of malfor¬
mations and infections, weight gain, du¬
ration of stay in a special care unit, and
condition on discharge, did not differ
between groups. The authors hypoth¬
esized that the higher incidence of com¬

plications in the selective group may
have been due to nonblinding.

In summary, most clinical trials (grade
I and II-l evidence) of iron supplemen¬
tation have not demonstrated signifi¬
cant improvements in maternal or neo¬
natal outcomes. Sample sizes in these
trials are small, and thus statistical
power is generally inadequate to prove
that iron supplementation is ineffective.
Studies with some evidence of benefit
include a trial that showed some im¬
provement on selected psychometric
tests, a quasi-experimental study in In¬
dia that reported improved birth weights
with supplementation but that may have
been confounded by improper random¬
ization, and the trial by Hemminki and
Rimpela. In the latter study, which com¬

pared routine and selective iron supple¬
mentation, women in the selective group
were more likely to report poor overall
health, to require transfusion and op¬
erative delivery, and to have newborns
with reduced gestational age at birth.
The difference in gestational age might
not have been clinically significant, how¬
ever, and the authors conjectured that
the higher complication rates in the se¬
lective group may have been due to non-

blinding.
SAFETY

The fourth premise for routine iron
supplementation is that the potential
benefits outweigh its adverse effects.
Iron supplements can cause unpleasant
gastrointestinal symptoms (eg, nausea
and constipation), but these are dose
related and usually occur at higher doses
than are recommended for routine
supplementation. At a dose of 200 mg of
iron per day in three divided doses,
symptoms occur in about 25% of indi¬
viduals, compared with an incidence of
13% among those taking placebos.7 Iron
supplements may complicate preexist¬
ing gastrointestinal disorders such as
ulcerative colitis. Complications of ex¬
cessive iron storage, including hemochro-
matosis and hemosiderosis, are possible
but very uncommon in women who take
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only oral (and not parenteral) iron
supplements.70,71

A potential hazard of iron supplements
is unintentional overdosage by children
in the home. In 1988, poision control
centers received 13 416 reports of child¬
hood ingestion of iron or iron-containing
vitamins.72 Most deaths from iron over-

dosage in the United States occur in
children, primarily at 12 to 24 months of
age. Although 2 to 10 g is usually in¬
gested in fatal cases, as little as 1 to 2 g
can cause death.7 Iron preparations are
often brightly coated tablets and cap¬
sules resembling candy that are attrac¬
tive to young children. Other potential
adverse effects of iron have been men¬
tioned in the literature, such as claims
that it causes birth defects, cancer, heart
disease, infection, metabolic imbalances
of other minerals, and harmfully high
hemoglobin levels.27,7377 Some have ex¬

pressed the concern that supplements
may produce an unjustified feeling of
security among some pregnant women
that diminishes their attention to
healthy diets, or that purchasing supple¬
ments might consume money needed for
food. Scientific proof of these effects is
lacking.
COMPLIANCE

The fifth premise for routine iron
supplementation is that pregnant women
will take enough iron during pregnancy
to achieve the intended benefits. Data
regarding compliance with iron supple¬
mentation are limited and are primarily
self-reported; a recent study78 found that
self-reports of iron use are less than
50% accurate. Hemminki et al79 admin¬
istered three consecutive questionnaires
throughout pregnancy to Finnish women
who were advised to take iron daily.
The proportion of women who denied
taking any iron in the previous 2 weeks
was 70% on the first questionnaire, but
63% to 75% reported taking iron "al¬
most daily" on subsequent question¬
naires later in pregnancy. The propor¬
tion of women who reported taking iron
"every now and then" was 6% to 9%.
When women were asked why they had
not taken adequate iron, 11% responded
"forgot," 8% cited "adverse effects," and
4% answered "did not consider neces¬

sary."
In a survey of 344 low-income preg¬

nant women in Massachusetts, Suitor
and Gardner80 found that 16% were al¬
ready taking supplements before preg¬
nancy. Of the 319 women who had re¬
ceived prescriptions for daily prenatal
vitamins, 72% reported taking seven pills
per week, 11% reported taking one to
six pills per week, and 9% reported tak¬
ing none. Nearly 5% of the women took
14 to 21 pills per week, apparently mis-

understanding the prescription. Of the
135 women who had received prescrip¬
tions for daily iron, 20% reported taking
seven pills per week, 14% reported tak¬
ing one to six pills per week, and 9%
took none. More than 53% of the women

reported taking 14 to 21 pills per week,
exceeding the recommended dosage of
iron.

CONCLUSION
The quality of the evidence in support

of the causal chain outlined at the be¬
ginning of this article is summarized in
the Table. Recommendations based on
these findings and other policy consid¬
erations are provided in the accompa¬
nying policy statement.1 The recommen¬
dations include priorities for future re¬

search, a need that is underscored by
the gaps in the evidence identified in
this review. Future studies will need to
be designed carefully to provide defini¬
tive information about the effectiveness
or ineffectiveness of iron supplementa¬
tion during pregnancy.
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