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The postpartum period is conventionally thought to be the time of lowest iron deficiency risk
because iron status is expected to improve dramatically after delivery. Nonetheless, recent studies
have reported a high prevalence of postpartum iron deficiency and anemia among ethnically
diverse low-income populations in the United States. In light of the recent emergence of this
problem in the medical literature, we discuss updated findings on postpartum iron deficiency,
including its prevalence, functional consequences, risk factors, and recommended primary and
secondary prevention strategies. The productivity and cognitive gains made possible by
improving iron nutriture support intervention. We therefore conclude that postpartum iron
deficiency warrants greater attention and higher quality care.
Ó 2005 Elsevier Inc. All rights reserved.

Iron deﬁciency aﬀects between 20% and 50% of the
world’s population,1 and is associated with numerous
adverse health outcomes. In developed countries, iron
deﬁciency prevention eﬀorts most often target infants
and pregnant women because their high iron requirements make these groups most vulnerable to iron
deﬁciency.2 Speciﬁcally, pregnancy requires about 1000
mg of total body iron, most of which is used to supply
oxygen to the fetus, increase maternal red cell mass, and
allow for normal blood losses at delivery.3 The increased
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iron requirements of pregnancy cannot be met by the
typical US diet or the iron stores of most women.4
Therefore, if women are left unsupplemented during
pregnancy, they bear a considerable risk of developing
iron deﬁciency.3
In contrast, the postpartum period is conventionally
thought to be the time of lowest iron deﬁciency risk3
because iron status is expected to dramatically improve
after delivery. Maternal body iron stores are enhanced
as the expanded red cell mass of pregnancy contracts at
delivery.5 Maternal iron requirements radically decline
with the birth of the infant, whose iron needs take
precedence over the mother’s.6 Iron losses are signiﬁcantly reduced by postpartum amenorrhea and the
relatively small amount of iron lost through breast
milk.7 Many studies have shown iron status recovering
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Figure Prevalence of iron deﬁciency by reproductive status and income among women aged 20 to 40 years, National Health and
Nutrition Examination Survey, 1988–1994. Solid bars represent women who had an income %130% poverty index, and hatched
bars represent women who had an income O130% poverty index. Adapted from reference 15.

and a concomitant low prevalence of postpartum
anemia in samples of Caucasian women of mid- to
high socioeconomic status.8-14 Recent investigations of
ethnically diverse low-income populations in the US,
however, have reported that postpartum iron deﬁciency
and anemia are far more common than previously
thought,15-18 signaling that poor postpartum iron status
is a public health problem that warrants greater
attention. Moreover, because existing policies for postpartum iron deﬁciency prevention were based on previous studies of low-risk women, a reexamination of
recommendations to prevent postpartum iron deﬁciency
may be necessary.
In light of the recent emergence of this problem in the
medical literature, we sought to review the current
knowledge on postpartum iron deﬁciency, including its
prevalence, functional consequences, risk factors, and
recommendations for prevention and treatment in order
to increase clinicians’ awareness of this disorder and
improve women’s postpartum health.

Prevalence
Data from the National Health and Nutrition Examination Survey (NHANES) 1988–1994 indicate that iron

deﬁciency, anemia, and iron-deﬁciency anemia were
prevalent in 12.7%, 10.3%, and 4.2%, respectively, of
all US women aged 20 to 40 who were 0 to 6 months
postpartum.15 Iron deﬁciency was deﬁned as abnormal
results for at least 2 of 3 tests: serum ferritin !12 mg/L,
free erythrocyte protoporphyrin O1.24 mmol/L, and
transferrin saturation !15%. Iron deﬁciency anemia
was deﬁned as iron deﬁciency plus anemia, with anemia
deﬁned as hemoglobin !120 g/L after adjustment for
smoking. After stratifying by income status, however,
women who lived at %130% of poverty (the income
threshold for many federal aid programs) were more
than 4 times as likely to have iron deﬁciency (29.7%
vs 6.9%; Figure) and iron-deﬁciency anemia (10.3% vs
2.1%), and 3 times as likely to have anemia (22.2% vs
6.3%) as women who lived at O130% of poverty.15 This
high prevalence of anemia was consistent with other
recent studies of low-income populations 1 to 6 months
postpartum.16-18 Prevalence of postpartum anemia also
diﬀers substantially by ethnicity/race. In a recent crosssectional study of 59,428 women participating in the
Special Supplemental Program for Women, Infants, and
Children (WIC),16 the prevalence of anemia among nonHispanic black women ranged from 38.3% to 48.0%
from 4 to 26 weeks’ postpartum and was roughly twice
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Table I Functional consequences of iron deficiency among
women of childbearing age
Impaired physical work capacity
Aerobic fitness
Endurance capacity
Work efficiency
Fatigue
Voluntary activity
Deficits in cognitive function and mood
Short-term memory
Verbal learning
Attention span/concentration
Intelligence
Depressive symptoms
Reduced immune function

that of non-Hispanic white women at each week postpartum; prevalence of anemia among Hispanic women
fell between that of black and white women. In each
group, hemoglobin concentrations were relatively constant over time. These data also showed that, of the 9129
women who entered WIC with a normal hemoglobin
concentration in the third trimester, 21.3% had anemia
at their postpartum return visit.16
It is currently unknown whether iron status improves
after 6 months’ postpartum among low-income women.
Cross-sectional data from NHANES indicate that iron
deﬁciency prevalence decreases in low-income women
from 29.7% at 0 to 6 months’ postpartum to 20.3%
from 7 to 12 months’ postpartum and 15.9% from 13 to
24 months’ postpartum (Figure).15 Even at 13 to 24
months’ postpartum, however, the prevalence of iron
deﬁciency in low-income women is higher than for lowor high-income women who have never been pregnant
(6.2% and 6.6%, respectively).15

Functional outcomes of iron deficiency
in women of childbearing age
The functional outcomes of iron deﬁciency and iron
deﬁciency anemia are well-documented among women
of childbearing age (Table I). For this review, we
searched MEDLINE on Ovid (1966 to July 2004) for
citations in English with the following keywords: (iron,
iron deﬁciency, iron-deﬁciency anemia, anemia, hemoglobin) and (oxygen consumption, physical endurance,
physical ﬁtness, eﬃciency, work, fatigue, ‘‘quality-oflife,’’ immunity, cognition, verbal learning, memory,
attention, intelligence, depression, depressive disorder,
aﬀect). We included studies where women of reproductive age made up the entire sample or a large proportion
of the sample. If a suﬃcient review article was available,
we cited this below and augmented the text with articles
that were published subsequently.
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Physical work performance
Iron is found in hemoglobin, myoglobin, oxidative
enzymes, and respiratory chain proteins, and is therefore
essential for oxidative energy production. All levels of
iron deﬁciency adversely inﬂuence tissue oxidative
capacity, and severe reductions in hemoglobin causing
anemia disturb oxygen carrying capacity.19 It is not
surprising, then, that randomized double-blinded, placebo controlled trials have shown that iron deﬁciency
with and without anemia impair aerobic ﬁtness,20,21
endurance capacity,19,22 and work eﬃciency.19
For instance, Brownlie et al20 randomized 41 physically untrained, iron depleted (serum ferritin !16 mg/L),
nonanemic (hemoglobin O120 g/L) women aged 18 to 33
to either 100 mg iron or placebo daily for 6 weeks. After all
women were physically trained for 4 weeks, the irontreated group showed signiﬁcantly greater improvements
in 2 markers of aerobic ﬁtness: maximum oxygen consumption (VO2 max) and maximal respiratory exchange
ratio. The results were driven by improvements in ﬁtness
levels among women with overt tissue-iron deﬁciency at
baseline (ie, serum transferrin receptor concentrations
O8.0 mg/L). These results suggest that marginal iron
deﬁciency without anemia, in the presence of overt tissueiron deﬁciency, impairs aerobic adaptation among
previously untrained women. In another randomized placebo-controlled trial, Li et al23,24 found that among 80
iron-deﬁcient, nonanemic and iron-deﬁcient and anemic
female cotton workers in China, improvements in VO2
max found were proportional to the severity of initial
anemia. Brutsaert et al22 reported that after randomizing
20 iron-depleted (serum ferritin !20 mg/L) nonanemic
(hemoglobin O110 g/L) women to receive iron or placebo
for 6 weeks, the iron-supplemented women showed
signiﬁcant improvements in muscle fatigability.
Iron supplementation of iron deﬁcient women without anemia may also improve nonspeciﬁc symptoms,
including fatigue. A randomized double-blind, placebocontrolled trial was conducted among 144 nonanemic
(hemoglobin R117 g/L) women with unexplained fatigue, a majority of whom had low serum ferritin
concentrations. After 4 weeks of treatment, the iron
group reported a signiﬁcantly lower level of fatigue than
the placebo group.25 These results are consistent with
another randomized trial in iron-deﬁcient women26 and
2 observational studies relating iron status to fatigue.27,28
The impaired physical work capacity and fatigue
associated with iron deﬁciency have serious social and
economic consequences. Scholtz et al29 observed that
anemic female factory workers produced an average of
5.3% less in the factory, and performed an average of
6.5 hours less of housework per week, results consistent
with another recent observational study.30 Randomized
double-blind, placebo controlled trials have indicated
that improving iron status can increase work eﬃciency.
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The aforementioned trial by Li et al24 reported that the
iron-treated group had a signiﬁcant 17% increase in
production eﬃciency (calculated as the ratio of productivity to energy expenditure) compared with the
placebo group. Similar increases in work eﬃciency
associated with iron supplementation were reported in
a randomized trial of anemic female tea pickers in Sri
Lanka.31 We are unaware of any studies that examined
work productivity or voluntary activity in women with
iron deﬁciency without anemia.

Observational data also highlight an association
between maternal anemia and depressive disorders. A
recent study reported signiﬁcantly higher depressive
symptoms at postpartum day 28 among women who
were anemic on postpartum day 7 compared with
nonanemic women, and a negative correlation between
hemoglobin concentrations and depressive symptoms.46
Iron deﬁciency without anemia has also been associated
with higher symptoms of depression and irritability
among young women taking oral contraceptives.44

Cognitive function and mood

Immune function

A majority of the research on the relation between iron
deﬁciency and cognition has focused on infants and
children, with strong evidence indicating that irondeﬁcient children are at risk of poor cognitive development in the present and future.32 However, emerging
data suggest that iron deﬁciency adversely impacts the
adult brain as well. Distinct from a decrease in hemoglobin synthesis, iron deﬁciency impacts cognition
through a decrease in activity of iron-containing enzymes in the brain.33-35 In adults, depleted brain iron
alters neurotransmitter function, cellular and oxidative
processes,36 and thyroid hormone metabolism.37
Several randomized double-blind, placebo-controlled
trials of iron supplementation have been carried out
among women of childbearing age. One such trial of 16and 17-year-old girls reported that the iron group had
signiﬁcant improvements in lassitude, mood, and ability
to concentrate in school.38 A study of 25 pregnant teens
at !16 weeks of gestation found that twice-daily 90-mg
iron treatment for 4 weeks improved some measures of
attention span and short-term memory.39 Both studies
had small samples of iron-deﬁcient women. In the only
randomized placebo-controlled trial of iron supplementation among nonanemic iron-deﬁcient women, Bruner
et al40 reported a signiﬁcant increase in verbal learning
score in 37 iron-treated women compared with 36
receiving placebo. There were no diﬀerences between
groups on attention or memory scores. Lynn and
Harland41 randomized an even sample of 413 boys
and girls aged 12 to 16 to receive 17 mg elemental iron
per day or placebo for 16 weeks. Among the 17% of
students with serum ferritin %12 mg/L, iron-treated
subjects showed a statistically signiﬁcant gain of 6 IQ
points compared with control subjects. There was no
beneﬁt to iron treatment in the remaining subjects with
serum ferritin O12 mg/L.
Most observational studies have shown an association between iron status measures and cognitive performance,42-44 while one reported no eﬀect.45 The
inconsistent ﬁndings may be a result of lack of control
of important confounders and relatively few irondeﬁcient and/or anemic women studied.

Iron deﬁciency depresses lymphocyte, neutrophil, and
macrophage function.47,48 Thus, increased susceptibility
to infection is a functional consequence of a deﬁciency
of iron, rather than all-cause anemia. Like certain other
trace elements, iron deﬁciency suppresses the immune
system to a suﬃcient extent as to increase risk of
morbidity due to viral, microbial, and parasitic infections.48,49 Improving iron status with adequate intake
restores immunocompetence.49 Nonetheless, a delicate
balance in iron requirement exists. Although iron is
needed for eﬀective immune response, if the supply of
iron is higher than what is required for the host, the
invading microbes can use the iron for growth, exacerbating infections.47,48 However, the clinical and public
health relevance of a high iron supply relative to
requirements is not known.

Summary
Taken together, these data indicate that postpartum
iron deﬁciency has subtle yet insidious eﬀects on
economic and social aspects of women’s lives, including
the ability to fully engage in childcare, household tasks,
and social and leisure activities. Because iron deﬁciency
alters aerobic capacity and endurance, as well as
cognition and mood, it has the capacity to diminish
productivity associated with both physical and intellectual work. While reduced endurance causes lower wages
in physically demanding jobs, the economic losses
associated with cognitive deﬁcits are even more vast,
particularly in a developed country such as the US.50 In
fact, the economic consequences of iron deﬁciency in the
US are thought to be tremendous.50

Risk factors for postpartum iron deficiency
Many factors exacerbate postpartum iron status, including maternal characteristics at the start of pregnancy, and
events occurring during pregnancy, labor and delivery,
and the early postpartum period. One of the strongest
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known risk factors for postpartum anemia is high
prepregnancy body mass index (BMI; kg/m2). The risk
of postpartum anemia sharply rises as prepregnancy BMI
increases from 24 to 38.51 Compared with a normalweight woman with a BMI of 20, anemia risk is nearly
twice as great in overweight women with a BMI of 28, and
3 times as great among obese women with a BMI of 38
even after controlling for confounders.51 This elevated
risk may partially result from the high incidence of
postpartum hemorrhage, abdominal delivery, and macrosomia among obese women.52-54 Such complications can
result in blood losses up to 1000 mL, the equivalent of 400
mg of iron. In fact, a clinically recognized postpartum
hemorrhage and infant macrosomia independently predict a 6.4-g/L and a 5.2-g/L lowering of postpartum
hemoglobin concentration, respectively.55 It is likely that
there is a strong relationship between delivery blood loss
and risk of postpartum iron deﬁciency and anemia, but
blood loss is diﬃcult to quantify and is therefore lacking
in most large datasets.
Lack of prenatal iron supplementation may increase
the risk of postpartum iron deﬁciency. Randomized trials
indicate that without prenatal iron supplementation, iron
stores, as measured by serum ferritin, remain at deﬁcient
levels through 6 months postpartum.11,14,56 In contrast,
hemoglobin concentration may to recover to ﬁrst-trimester or prepregnancy concentrations by 12 weeks’
postpartum without iron supplementation,8-10,12-14 but
nearly all such trials have had important limitations, most
notably, their small sample sizes of Caucasian women
who entered prenatal care with good iron status and their
lack of data on adherence to iron treatment or use of iron
supplements postdelivery. Future studies will be needed
to determine the eﬀect of iron supplementation on postpartum anemia and iron deﬁciency in higher risk groups.
Not surprisingly, women with anemia at 24 to 29
weeks’ gestation or before delivery are at increased risk
of postpartum anemia.17 Clearly, compromised prenatal
iron status would not only render women more vulnerable to the eﬀects of blood loss at delivery, but would
limit the amount of iron available to return to mothers’
stores after delivery.
Postpartum iron deﬁciency risk is high among women
who deliver multiple fetuses.57 This increased risk is
likely caused by iron demands that are greater than the
already high requirements of a singleton pregnancy. In
twin pregnancies, plasma volume and red cell mass are
120% that of singleton pregnancies, and multiple fetuses
have a greater draw on maternal iron stores than single
fetuses.58 Additionally, women delivering multiple
fetuses are more likely to have excessive blood loss at
delivery compared with women delivering singletons.52
Anemia from 1 to 6 months postpartum occurs more
frequently in women who do not exclusively breastfeed,17 and in women who breastfeed for short durations.16 One small study reported signiﬁcantly higher
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serum ferritin concentrations at 6 months’ postpartum
in lactating women compared with nonlactating women,
even after adjusting for postpartum iron supplement
use.59 The authors attributed the diﬀerence in iron stores
between the 2 groups mostly to the return of menses,
which occurred in 99% of the nonlactating women
compared with 15% of lactating women. The lengthened period of amenorrhea associated with lactation60
decreases the demand for iron, as the iron losses in
breast milk are only about half the usual amount lost
during menstruation.61
In the future, other potential risk factors for postpartum iron deﬁciency, such as inadequate postpartum
iron intake via diet and/or supplements, long duration
of lochia, and shortened amenorrhea should be studied
and their eﬀects on postpartum iron status quantiﬁed.

Guidelines for the prevention of
postpartum iron deficiency
Iron deﬁciency aﬀects more than 1 in 10 women 0 to 6
months’ postpartum in the US15 and, while it disproportionately burdens low-income populations, its common occurrence overall signals that iron deﬁciency is
a problem that should concern all clinicians who care for
postpartum women.
The Centers for Disease Control and Prevention
(CDC),57 the Institute of Medicine (IOM),4 and American College of Obstetricians and Gynecologists
(ACOG)62 have published national recommendations
for the prevention of iron deﬁciency during the postpartum period. The US Preventive Services Task Force
does not speciﬁcally mention prevention of iron deﬁciency among postpartum women, but states there is
insuﬃcient evidence to recommend for or against
routine screening for iron deﬁciency anemia in asymptomatic persons other than pregnant women and highrisk infants.63 Prevention of iron deﬁciency includes
ensuring an adequate intake of iron, as well as screening
for, diagnosing, and treating iron deﬁciency. Anemia
screening is a particularly important prevention method
because the adverse eﬀects of iron deﬁciency, although
serious, may also be subtle and rarely would cause
women to seek medical attention. This may be particularly true in the postpartum period, when fatigue,
decreased productivity, and poor cognitive functioning
could be mistaken for the consequences of lifestyle
adjustment associated with a new baby’s birth. Screening is necessary to identify which women need treatment. In Table II, we have summarized published
prevention guidelines speciﬁc to the postpartum period.
For the prevention of iron deﬁciency in the postpartum period, ACOG recommends iron supplementation ‘‘only if the mother herself needs it,’’ and anemia
screening at the postpartum visit ‘‘when indicated,’’62
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National recommendations for primary and secondary prevention of iron deficiency among postpartum women
Centers for Disease Control and
Prevention57

Primary prevention

If no risk factors are present
(anemia through the third
trimester, excessive delivery blood
loss, and multiple birth), supplemental iron should be stopped at
delivery.

Secondary
prevention

Screening
Anemia screening at the 4- to
6-week visit for women who have
anemia continued through the third
trimester, excessive blood loss during delivery, and a
multiple birth.
Treatment
Start oral dose of 60 to 120 mg/day
iron.
Counsel women about correcting
iron deficiency through diet.
Repeat anemia screening in 4 weeks.
Iron-deficiency anemia is confirmed
if repeat screen shows Hb
concentration increase R10 g/L or
Hct R3%.
Treatment should continue for 2 to
3 months.

Institute of Medicine4

ACOG62

Continue supplemental iron if any
risk factor is present (anemia
through the third trimester,
excessive delivery blood loss, and
multiple birth); otherwise,
supplemental iron should be
stopped at delivery.
Screening

‘‘Iron should be administered
only if the mother herself
needs it.’’

Anemia screening at the 4- to
6-week visit for women who have
anemia continued through the third
trimester, excessive blood loss during delivery, and a
multiple birth.
Treatment
Start oral dose of 60 to 120 mg/day
iron.
Counsel women about correcting
iron deficiency through diet.
Repeat anemia screening in
4 to 6 weeks.
If there has been no response (an
increase R10 g/L or Hct R3%) and
good compliance, determine serum
ferritin concentration and consider
other causes of anemia.
If there has been a response,
treatment should continue for 2 to 4
months or until anemia resolves.
After that time, the dosage of iron
can be reduced to 30 mg/day for 6
months.
Repeat serum ferritin concentration
is suggested before termination of
treatment to ensure repletion of
iron stores.

but indications are not further outlined. The CDC and
IOM recommend that women who have had ‘‘anemia
continued through the third trimester, excessive blood
loss during delivery, and a multiple birth’’4,57 should be
supplemented with iron from delivery to the 4- to 6week postpartum visit and screened for anemia at the
postpartum visit. The purpose of a selective supplementation and screening program such as this is to identify
and treat nearly all diseased persons while supplementing the minimal number of individuals and carrying out
the minimal number of screening tests.64 An algorithm is
used to identify individuals who are at high or low risk
of the outcome and refer high-risk individuals for
screening and treatment.

Screening
Anemia screening at the
4- to 6-week visit ‘‘when
indicated.’’
Iron supplements should
be kept out of the reach
of children.

Recently, we conducted the ﬁrst empirical evaluation
of the performance of the CDC/IOM selective screening
algorithm, and compared it with an algorithm developed
in our population of low-income women who delivered
singleton infants.17 This analysis conﬁrmed the importance of prenatal anemia in predicting postpartum
anemia risk, and identiﬁed 3 risk markers of postpartum
anemia (prepregnancy obesity, not exclusively breastfeeding, and multiparity) that were not included in the
CDC/IOM algorithm. Postpartum hemorrhage, which
had a low prevalence in our population (5%) and has
a low prevalence nationally (4%-6%),65 was not veriﬁed
as a risk marker. This ﬁnding was not surprising because
rare complications are unlikely to facilitate anemia
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prediction in most populations. Although we were not
able to evaluate multiple births as a risk marker among
our population, the low national incidence of multiple
births (w3%)66 suggests that this risk marker also
would likely have little inﬂuence on risk assessment of
postpartum anemia.
Selective screening with a risk assessment algorithm
such as the CDC/IOM algorithm4,57 or our algorithm17
may provide a cost-saving option for public health
clinics with budgetary constraints. Yet, because anemia
screening for iron deﬁciency is inexpensive and poses
few risks to women,57 universal screening may yield
a greater public health beneﬁt than selective screening,
particularly in settings where the anemia prevalence is
high.17
Adequate dietary iron intake in the postnatal period
may help to prevent iron deﬁciency. For women aged 19
to 30, the recommended dietary allowance (RDA) of
iron for nonpregnant/nonlactating women, pregnant
women, and lactating women is 18, 27, and 9 mg/day
of iron, respectively.7 The recommendation for lactating
women is based on the assumption that menstruation
will not resume for 6 months’ postpartum. A unique
recommendation has not been made for nonlactating
postpartum women; their RDA is the same as that of
nonpregnant/nonlactating women (18 mg/day). Given
the high prevalence of iron deﬁciency, of particular
concern is the low RDA for lactating women, a recommendation that has already been questioned.67 This
average requirement was based on iron needs estimated
as the sum of iron secretion in human milk, assuming
exclusive breastfeeding, and basal losses of iron.7 As
noted above, anemia at 1 to 6 months’ postpartum
occurs more often in nonlactating than lactating
women,16,17 but it has yet to be determined from such
data whether the protective eﬀect of lactation is caused
by its lengthening of amenorrhea, which reduces iron
loss, or its association with higher socioeconomic
status,68 other healthy behaviors,69 or an uncomplicated
pregnancy or delivery. At 6 months’ postpartum,
Caucasian lactating women have higher serum ferritin
concentrations than their nonlactating counterparts,
even after controlling for iron supplement use,59
but these ﬁndings should be conﬁrmed in higher-risk
populations.
Clearly, there are major gaps in our knowledge of the
best methods of preventing postpartum iron deﬁciency.
Most notably, there are no published data to indicate
the eﬀectiveness of the current selective postnatal iron
supplementation and anemia screening in preventing
postpartum iron deﬁciency and, more importantly, its
functional consequences. Selective supplementation and
screening programs should be compared with alternative
programs, such as universal screening, to determine
which yields the most desirable cost-beneﬁt ratio. Such
investigations should be a research priority. More data
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are also needed on the acceptance of and adherence to
iron supplements in postpartum women, and whether or
not 9 mg/day of iron is adequate to account for iron
losses and recovery of iron status postpartum among
lactating women.
Additionally, data are lacking on current postpartum
iron deﬁciency prevention strategies employed by clinicians in public and private settings, including if and
when postpartum supplementation and/or anemia
screening are used, and speciﬁcally if current guidelines
are followed. Before national recommendations are
modiﬁed, these critical gaps must be ﬁlled.

Conclusion
Although further research is needed to increase insight
into the mechanisms, functional consequences, and risk
factors of postpartum iron deﬁciency and the most
eﬀective methods of prevention, data suggest that postpartum iron deﬁciency is more prevalent than previously
thought, and that the postpartum period should not be
considered a time of low risk for iron deﬁciency,
particularly among low-income women. Postpartum
iron deﬁciency warrants greater attention and higher
quality care. The productivity and cognitive gains made
possible with improving iron nutriture in the postpartum period support intervention. Health professionals,
researchers, and patients should, therefore, engage in
a dialogue about postpartum iron deﬁciency to further
understand prevention of this public health problem.

References
1. International Nutritional Anemia Consultative Group. INACG
Symposium, Durban South Africa. Washington, DC: ILSI Research Foundation; 2000.
2. Bothwell TH, Charlton RW, Cook JD, Finch CA. Iron metabolism in man. Oxford, England: Blackwell Scientiﬁc Publications;
1979.
3. IOM. Nutrition during pregnancy. Washington, DC: National
Academy Press; 1990.
4. Institute of Medicine, Food and Nutrition Board. Iron deﬁciency
anemia: recommended guidelines for the prevention, detection,
and management among U.S. children and women of childbearing
age. Washington, DC: National Academy Press; 1993.
5. Bothwell TH. Overview and mechanisms of iron regulation. Nutr
Rev 1995;53:237-45.
6. Bothwell TH, Charlton RW. Iron deﬁciency in women, a report of
the International Nutritional Anemia Consultative Group (INACG). Washington, DC: The Nutrition Foundation; 1981.
7. Institute of Medicine, Food and Nutrition Board. Dietary reference intakes for vitamin A, vitamin K, arsenic, boron, chromium,
copper, iodine, iron, manganese, molybdenum, nickel, silicon,
vanadium, and zinc. Washington, DC: National Academy Press;
2001.

Bodnar, Cogswell, and McDonald
8. Svanberg B, Arvidsson B, Norrby A, Rybo G, Solvell L.
Absorption of supplemental iron during pregnancyda longitudinal study with repeated bone-marrow studies and absorption
measurements. Acta Obstet Gynecol Scand 1975;48(Suppl):87-108.
9. Taylor DJ, Mallen C, McDougall N, Lind T. Eﬀect of iron
supplementation on serum ferritin levels during and after pregnancy. BJOG 1982;89:1011-7.
10. Qvist I, Abdulla M, Jagerstad M, Svensson S. Iron, zinc and folate
status during pregnancy and two months after delivery. Acta
Obstet Gynecol Scand 1986;65:15-22.
11. Puolakka J, Janne O, Pakarinen A, Jarvinen PA, Vihko R. Serum
ferritin as a measure of iron stores during and after normal
pregnancy with and without iron supplements. Acta Obstet
Gynecol Scand 1980;95(Suppl):43-51.
12. Milman N, Agger OA, Nielsen OJ. Iron supplementation during
pregnancy. Dan Med Bull 1991;38:471-6.
13. Taylor D, Lind T. Puerperal haematological indices. BJOG
1981;88:601-6.
14. Eskeland B, Malterud K, Ulvik RJ, Hunskaar S. Iron supplementation in pregnancy: is less enough? A randomized, placebo
controlled trial of low dose iron supplementation with and without
heme iron. Acta Obstet Gynecol Scand 1997;76:822-8.
15. Bodnar LM, Cogswell ME, Scanlon KS. Low income postpartum
women are at risk of iron deﬁciency. J Nutr 2002;132:2298-302.
16. Bodnar LM, Scanlon KS, Freedman DS, Siega-Riz AM, Cogswell
ME. High prevalence of postpartum anemia among low-income
women in the United States. Am J Obstet Gynecol 2001;185:
438-43.
17. Bodnar LM, Siega-Riz AM, Miller WC, Cogswell ME, McDonald
T. Who should be screened for postpartum anemia? An evaluation
of current recommendations. Am J Epidemiol 2002;156:903-12.
18. Pehrsson PR, Moser-Veillon PB, Sims LS, Suitor CW, RussekCohen E. Postpartum iron status in nonlactating participants and
nonparticipants in the Special Supplemental Nutrition Program
for Women, Infants, and Children. Am J Clin Nutr 2001;73:86-92.
19. Haas JD, Brownlie Tt. Iron deﬁciency and reduced work capacity:
a critical review of the research to determine a causal relationship.
J Nutr 2001;131:676S-88S.
20. Brownlie T, Utermohlen V, Hinton PS, Giordano C, Haas JD.
Marginal iron deﬁciency without anemia impairs aerobic adaptation among previously untrained women. Am J Clin Nutr
2002;75:734-42.
21. Hinton PS, Giordano C, Brownlie T, Haas JD. Iron supplementation improves endurance after training in iron-depleted, nonanemic women. J Appl Physiol 2000;88:1103-11.
22. Brutsaert TD, Hernandez-Cordero S, Rivera J, Viola T, Hughes
G, Haas JD. Iron supplementation improves progressive fatigue
resistance during dynamic knee extensor exercise in iron-depleted,
nonanemic women. Am J Clin Nutr 2003;77:441-8.
23. Li R. Functional consequences of iron deﬁciency in Chinese female
workers. Wageningen, The Netherlands: Wageningen Agricultural
University; 1993.
24. Li R, Chen X, Yan H, Deurenberg P, Garby L, Hautvast JG.
Functional consequences of iron supplementation in iron-deﬁcient
female cotton mill workers in Beijing, China. Am J Clin Nutr
1994;59:908-13.
25. Verdon F, Burnand B, Stubi CL, Bonard C, Graﬀ M, Michaud A,
et al. Iron supplementation for unexplained fatigue in non-anaemic
women: double blind randomised placebo controlled trial. BMJ
2003;326:1124.
26. Patterson AJ, Brown WJ, Roberts DC. Dietary and supplement
treatment of iron deﬁciency results in improvements in general
health and fatigue in Australian women of childbearing age. J Am
Coll Nutr 2001;20:337-42.
27. Lee KA, Zaﬀke ME. Longitudinal changes in fatigue and energy
during pregnancy and the postpartum period. J Obstet Gynecol
Neonatal Nurs 1999;28:183-91.

43
28. Patterson AJ, Brown WJ, Powers JR, Roberts DC. Iron deﬁciency,
general health and fatigue: results from the Australian Longitudinal Study on Women’s Health. Qual Life Res 2000;9:491-7.
29. Scholz BD, Gross R, Schultink W, Sastroamidjojo S. Anaemia is
associated with reduced productivity of women workers even in
less-physically-strenuous tasks. Br J Nutr 1997;77:47-57.
30. Untoro J, Gross R, Schultink W, Sediaoetama D. The association
between BMI and haemoglobin and work productivity among
Indonesian female factory workers. Eur J Clin Nutr 1998;52:131-5.
31. Edgerton VR, Ohira Y, Hettiarachchi J, Senewiratne B, Gardner
GW, Barnard RJ. Elevation of hemoglobin and work tolerance in
iron-deﬁcient subjects. J Nutr Sci Vitaminol (Tokyo) 1981;27:7786.
32. Grantham-McGregor S, Ani C. A review of studies on the eﬀect of
iron deﬁciency on cognitive development in children. J Nutr
2001;131:649S-66S.
33. Voorhess ML, Stuart MJ, Stockman JA, Oski FA. Iron deﬁciency
anemia and increased urinary norepinephrine excretion. J Pediatr
1975;86:542-7.
34. Pollitt E, Leibel RL. Iron deﬁciency and behavior. J Pediatr
1976;88:372-81.
35. Oski FA. The nonhematologic manifestations of iron deﬁciency.
Am J Dis Child 1979;133:315-22.
36. Beard J. One person’s view of iron deﬁciency, development, and
cognitive function. Am J Clin Nutr 1995;62:709-10.
37. Zimmermann MB, Kohrle J. The impact of iron and selenium
deﬁciencies on iodine and thyroid metabolism: biochemistry and
relevance to public health. Thyroid 2002;12:867-78.
38. Ballin A, Berar M, Rubinstein U, Kleter Y, Hershkovitz A, Meytes
D. Iron state in female adolescents. Am J Dis Child 1992;146:
803-5.
39. Groner JA, Holtzman NA, Charney E, Mellits ED. A randomized
trial of oral iron on tests of short-term memory and attention span
in young pregnant women. J Adolesc Health 1986;7:44-8.
40. Bruner AB, Joﬀe A, Duggan AK, Casella JF, Brandt J. Randomised study of cognitive eﬀects of iron supplementation in nonanaemic iron-deﬁcient adolescent girls. Lancet 1996;348:992-6.
41. Lynn R, Harland EP. A positive eﬀect of iron supplemenation on
the IQs of iron deﬁcient children. Person Individ Diﬀ 1998;24:
883-5.
42. Kretsch MJ, Fong AK, Green MW, Johnson HL. Cognitive
function, iron status, and hemoglobin concentration in obese
dieting women. Eur J Clin Nutr 1998;52:512-8.
43. Tucker DM, Sandstead HH, Penland JG, Dawson SL, Milne DB.
Iron status and brain function: serum ferritin levels associated with
asymmetries of cortical electrophysiology and cognitive performance. Am J Clin Nutr 1984;39:105-13.
44. Rangan AM, Blight GD, Binns CW. Iron status and non-speciﬁc
symptoms of female students. J Am Coll Nutr 1998;17:351-5.
45. Fordy J, Benton D. Does low iron status inﬂuence psychological
functioning? J Hum Nutr Diet 1994;7:127-33.
46. Corwin EJ, Murray-Kolb LE, Beard JL. Low hemoglobin level is
a risk factor for postpartum depression. J Nutr 2003;133:4139-42.
47. Cook JD, Lynch SR. The liabilities of iron deﬁciency. Blood
1986;68:803-9.
48. Oppenheimer SJ. Iron and its relation to immunity and infectious
disease. J Nutr 2001;131:616S-33S.
49. Failla ML. Trace elements and host defense: recent advances and
continuing challenges. J Nutr 2003;133:1443S-7S.
50. Hunt JM. Reversing productivity losses from iron deﬁciency: the
economic case. J Nutr 2002;132:794S-801S.
51. Bodnar LM, Siega-Riz AM, Cogswell ME. High prepregnancy
BMI increases the risk of postpartum anemia. Obes Res
2004;12:941-8.
52. Combs CA, Murphy EL, Laros RK. Factors associated with
postpartum hemorrhage with vaginal birth. Obstet Gynecol
1991;77:69-76.

44
53. Crane SS, Wojtowycz MA, Dye TD, Aubry RH, Artal R.
Association between pre-pregnancy obesity and the risk of
cesarean delivery. Obstet Gynecol 1997;89:213-6.
54. Larsen CE, Serdula MK, Sullivan KM. Macrosomia: inﬂuence of
maternal overweight among a low-income population. Am J
Obstet Gynecol 1990;162:490-4.
55. Bodnar LM, Siega-Riz AM, Arab L, Chantala K, McDonald T.
Predictors of pregnancy and postpartum iron status in low-income
women. Public Health Nutr 2004;7:701-11.
56. Preziosi P, Prual A, Galan P, Daouda H, Boureima H, Hercberg S.
Eﬀect of iron supplementation on the iron status of pregnant
women: consequences for newborns. Am J Clin Nutr
1997;66:1178-82.
57. CDC. Recommendations to prevent and control iron deﬁciency in
the United States. Morbid Mortal Wkly Rep 1998;47:25.
58. Mueller-Heubach E. Complications of multiple gestation. Clin
Obstet Gynecol 1984;27:1003-13.
59. Kalkwarf HJ, Harrast SD. Eﬀects of calcium supplementation and
lactation on iron status. Am J Clin Nutr 1998;67:1244-9.
60. Hofvander Y, Petros-Barvazian A. WHO collaborative study on
breast feeding. Acta Paediatr Scand 1978;67:556-60.
61. National Research Council. Recommended dietary allowances.
Washington, DC: National Academy Press; 1989.

Bodnar, Cogswell, and McDonald
62. American Academy of Pediatrics, The American College of
Obstetricians and Gynecologists. Guidelines for perinatal care.
Elk Grove Village, IL: American Academy of Pediatrics and the
American College of Obstetricians and Gynecologists; 2002.
63. US Preventive Services Task Force. Screening for presence of
deﬁciency, toxicity, and disease. Nutr Clin Care 2003;6:120-2.
64. Miller WC. Screening for chlamydial infection: a model program
based on prevalence. Sex Transm Dis 1998;25:201-10.
65. American College of Obstetricians and Gynecologists. ACOG
education bulletin: postpartum hemorrhage. Int J Gynaecol Obstet
1998;61:79-86.
66. National Center for Health Statistics. National Vital Statistics
Reports. Births: ﬁnal data for 2002. http://www.cdc.gov/nchs/
data/nvsr/nvsr52/nvsr52_10.pdf; 2003, vol 2004.
67. Picciano MF. Pregnancy and lactation: physiological adjustments,
nutritional requirements and the role of dietary supplements.
J Nutr 2003;133:1997S-2002S.
68. Scott JA, Binns CW. Factors associated with the initiation and
duration of breastfeeding: a review of the literature. Breastfeed
Rev 1999;7:5-16.
69. Pesa JA, Shelton MM. Health-enhancing behaviors correlated
with breastfeeding among a national sample of mothers. Public
Health Nurs 1999;16:120-4.

