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Preface

Over the last decade, several expert groups have addressed the issue of iron deficiency anemia in young
children and women of childbearing age. Dietary allowances have been revised, diagnostic criteria for defining
anemia have been promulgated, and preventive and therapeutic measures have been developed and, for the most
part, implemented. So, why another examination of the issue?

There are several reasons why a responsible agency would undertake such a reexamination. There are
seemingly straightforward questions about the continued necessity for and effectiveness of existing programs.
These questions are, however, complex and difficult to answer because the information base is not entirely secure.
The answers to such problematic questions depend on a reasoned judgment as to the significance of new
epidemiologic evidence and other scientific findings and on an ability to forecast trends. In the present instance
account needs to be taken of, inter alia, trends in the consumption and composition of foods and changes in the
nutritional environment more generally.

It is to be expected that committee members will not always be in perfect accord in the absence of sufficient,
solid information. Members' judgments are influenced by their different experiences and disciplinary
backgrounds. The present committee resolved this problem by accepting an argument that in order to set aside the
recommendations of other expert groups, the contravening evidence must be as strong as the evidence that led to
the others' decisions. The guidelines developed by the present committee are substantially in accord with existing
recommendations. The committee did note areas of uncertainty and urges that high priority be given to developing
the information needed to improve decision making. Some points are noted in the text, and an indicative list of
research topics is included in the report.

The committee's work was assisted very greatly by the background documentation prepared by Dr. Peter
Dallman in a consultative capacity; we
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acknowledge his major contribution and appreciate the willingness with which he undertook revision as issues
arose. Dr. Dallman participated in all deliberations of the committee as a member de facto. Professor George
Beaton was available for consultation only at our last meeting; his ability to pose important clarifying questions
was, as always, greatly appreciated. The committee owes a special debt to two of its members—to Professor John
L. Beard for providing background on iron-dependent pathologies and to Dr. David Rush for a new analysis of
data from the U.S. Department of Agriculture's Special Supplemental Food Program for Women, Infants, and
Children and for solicitation of additional views and references relating to iron supplementation during pregnancy.

We wish particularly to thank Dr. Anne Looker and Dr. Christopher Sempos and their colleagues at the
National Center for Health Statistics who prepared preliminary analyses of data from the third National Health and
Nutrition Examination Survey and shared other, as yet unpublished, work.

I wish personally to thank the committee members for their diligence and patience, and for the care and
concern they showed for those whom the guidelines are intended to benefit. None of the committee's tasks could
have been accomplished without the leadership of Dr. Catherine Woteki and the support of her staff, especially
Mr. Robert Earl and Ms. Marcia Lewis. We are grateful for their unfailing courtesy and generosity and commend
the high standards reflected in their professional contributions.

DORIS HOWES CALLOWAY, CHAIR

COMMITTEE ON THE PREVENTION, DETECTION, AND MANAGEMENT OF IRON DEFICIENCY ANEMIA
AMONG U.S. CHILDREN AND WOMEN OF CHILDBEARING AGE
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At the request of the Division of Nutrition, Centers for Disease Control and Prevention (CDC), Public Health
Service, U.S. Department of Health and Human Services, the Committee on the Prevention, Detection, and
Management of Iron Deficiency Anemia Among U.S. Children and Women of Childbearing Age was established
under the auspices of the Food and Nutrition Board (FNB) of the Institute of Medicine (IOM) to prepare a report
on the prevention, detection, and management of iron deficiency anemia in infants and young children and in
women of childbearing age.

The Committee's Charge And Approach

The committee's charge included the following:

1.  to conduct a critical review of the information related to public health-oriented prevention, detection,
and management of iron deficiency anemia, with primary emphasis on infants and children and
secondary emphasis on women of childbearing age;

2.  to develop specific guidelines and recommendations for the prevention, detection, and management of
iron deficiency anemia in primary health care and public health clinic settings for both of these
population groups, including ways to influence the roles of health care providers in these activities;
and

3.  to develop priorities for research related to a public health-oriented approach to the prevention,
detection, and management of iron deficiency anemia.

The committee also was charged with considering the need for adaptations of the recommended guidelines, if
any, for members of minority groups.

The six FNB committee members were selected for their expertise in iron nutrition, hematology, pediatrics,
obstetrics and gynecology, and epidemiology. Because of the short time span of this project, the FNB
commissioned a background paper in advance of the committee's first meeting. That paper—a comprehensive
review of the science and current policy related to iron deficiency anemia—appears as Appendix B to this report.
The committee met twice to read the background paper, collect and consider additional information, identify gaps
in knowledge, and prepare draft guidelines as requested by the

THE COMMITTEE'S CHARGE AND APPROACH 1

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e 
us

e 
th

e
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Iron Deficiency Anemia: Recommended Guidelines for the Prevention, Detection, and Management Among U.S. Children and Women of Childbearing Age
http://www.nap.edu/catalog/2251.html

http://www.nap.edu/catalog/2251.html


CDC, and it met with representatives of federal agencies to determine how such guidelines might affect these
agencies' activities.

This committee report summarizes information related to public health measures for the prevention,
detection, and management of iron deficiency anemia, presents recommended guidelines related to this area as
they apply in primary health care and public health clinic settings, and makes recommendations for research. The
report identifies and addresses aspects that differ between the two target populations (infants and children, and
women of childbearing age), as well as those common to both groups, and briefly considers family-oriented
approaches. This report is intended to provide a frame of reference for health professionals and to assist the CDC
with preparing national guidelines for the prevention and control of iron deficiency anemia. A fuller exposition of
the information that informed the committee's deliberations is found in the appendixes to this report and in the
references.

Major Issues

In approaching its task, the committee considered several issues: the importance of iron deficiency anemia as a
public health problem on the basis of prevalence estimates and health effects, the availabilities and efficacies of
different public health approaches for prevention and detection, and the positive and negative implications of
alternative approaches for the population at risk and the general population.

Two approaches can be taken to address public health problems: a population-based approach and an
individual-based approach. When applied to reducing the prevalence of iron deficiency anemia, the population-
based approach seeks to lower the population's risk by enriching and fortifying the food supply and by altering
individual food choices through education and information programs. The individual-based approach seeks to
identify those at the highest risk and to treat them by providing both supplements and education to increase the
iron contents of their diets. The two approaches are complementary means of achieving lower rates of iron
deficiency anemia.

After considering the alternative public health approaches and their consequences, the committee concluded
that one major assumption had to be made before guidelines could be formulated: Iron enrichment and fortification
of the U.S. food supply shall remain at current levels. In view of concerns about the adverse health effects
attributable to the consumption of large amounts of iron, the committee believes that increasing the amount of
fortification or the range of fortified products for the general population is not an appropriate public health strategy
for preventing iron deficiency anemia (however, it may prove desirable to consider iron fortification of other foods
specifically targeted at certain subgroups [e.g., infants]). Nor does the committee believe that currently available
data allow it to recommend that the amount of fortification be lowered at this time. This situation may change as
the nutrition and public health
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communities better Understand the implication of the results of serum ferritin levels from the third National Health
and Nutrition Examination Survey (NHANES III).

These conclusions were made on the basis of two observations. First, the prevalence of iron deficiency
anemia among young children has been declining, and the decline is attributed to the use of iron-fortified formula
and cereal, appropriate supplementation of breastfed infants, and later introduction of cow's milk to infants' diets
than had been typical in the past. Second, preliminary data from the most recent national survey (NHANES III)
indicate that average levels of serum ferritin, a marker of iron stores, have increased among adult males. If more
detailed analyses confirm this observation, higher levels of iron enrichment and fortification of the general food
supply would not be warranted because of the potential harm to those at risk of developing hemochromatosis.

The committee then considered the second available approach—that of screening individuals at risk to
identify and treat those affected. This individual-based approach is appropriate because of the availability of tests
with acceptable sensitivities and specificities, the prospect of the more widespread availability of new tests that
detect iron depletion before the development of symptoms, and the availability of inexpensive iron supplements.
The database supporting the beneficial effects of treating iron deficiency anemia in childhood is substantial, but
the committee questioned the adequacy of the database demonstrating benefits from routine iron supplementation
during pregnancy. This last issue is discussed more fully in the committee's recommendations for research.

Subsequent sections of the report discuss four major issues that the committee considered:

•   defining iron deficiency anemia and the effects of different criteria on its estimated prevalence,
•   determining the prevalence of iron deficiency anemia and considering its public health importance,
•   developing methods for delivering iron to children and women, and
•   determining the efficacy and safety of different interventions.

These issues and the committee's conclusions follow.

DEFINING ANEMIA

Anemia is defined as a hemoglobin concentration (or hematocrit) that is below the 95 percent confidence
interval (i.e., below the 2.5th percentile) for healthy, well-nourished individuals of the same age, sex, and stage of
pregnancy (LSRO, 1984). The cutoff values are from the population surveyed in NHANES II after exclusion of
individuals with a high probability of iron deficiency (Table 1).
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TABLE 1 Cutoff Values for Iron Deficiency Anemia in Children, Women of Childbearing Age, and Pregnant Womena

Group and Age (yr) Hemoglobin Concentration (g/dl) Hematocrit (%)

Children (both sexes)

0.5-4.9 11.0 33

5.0-11.9 11.5 35

Women (> yr)

Nonpregnant 12.0 36

Pregnant, first trimester 11.0 33

Pregnant, second trimester 10.5 32

Pregnant, third trimester 11.5 34

a Hemoglobin values are rounded off to the nearest 0.5 g/dl, and hematocrit is rounded off to the nearest percent.
SOURCES: AAP, CON (1993); CDC (1989).

Iron deficiency anemia refers to an anemia that is associated with additional laboratory evidence of iron
depletion as a result of one or more of the following tests results: low serum ferritin concentration, low transferrin
saturation, or an elevation in the erythrocyte protoporphyrin level.

Iron deficiency without anemia represents a relatively mild iron deficiency that is diagnosed on the basis of a
combination of biochemical indicators of iron status but in which the hemoglobin concentration remains within the
normal range. Although no single indicator of iron status is diagnostic of functional iron deficiency, a low serum
ferritin concentration indicates that iron reserves are depleted.

Hematologic Indicators Of Iron Nutrition

Measurement of hemoglobin and hematocrit levels is used to screen for anemia and putative iron deficiency
because they are easy and inexpensive to measure and reflect the largest iron compartment in the body. However,
individuals with mild degrees of iron deficiency are missed by such screenings because of the overlap in values
between normal and iron deficient individuals. Hemoglobin and hematocrit values vary by age, sex, and stage of
pregnancy. Hemoglobin values normally are lower in children than in nonpregnant adults. During puberty, the
average hemoglobin concentration of males rises above that of females—a gender difference sustained throughout
the reproductive years. During pregnancy, hemoglobin values gradually fall to a low point in the second trimester,
largely because of a normal expansion in blood volume. From the end of the second trimester to term, the
concentration of hemoglobin rises again. The average hemoglobin concentration of healthy blacks is lower than
that of other races, by about 0.3 g/dl in young children and 0.8 g/dl in adults, as recorded in the NHANES II
database.
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Determination of the serum ferritin concentration is the only commonly used laboratory test that allows the
evaluation of iron reserves. A serum ferritin concentration of less than 10 mg/liter in infants and children and less
than 12 µg/liter in adults by itself indicates depleted iron stores. In combination with low hemoglobin or
hematocrit levels, a serum ferritin concentration of less than 15 µg/liter in infants and children or less than 20 µg/
liter in adults indicates iron deficiency anemia (LSRO, 1984). The serum ferritin concentration is elevated in the
presence of infection and should be measured when the person is free of infectious disease (i.e., for at least 2
weeks).

Erythrocyte protoporphyrin accumulates in red blood cells when insufficient iron is available to form heme,
the iron-containing portion of hemoglobin. Erythrocyte protoporphyrin levels are elevated in individuals with iron
deficiency anemia or lead poisoning, as well as in those with infections or inflammatory conditions of more than 1
week in duration. In an otherwise healthy individual, anemia accompanied by an elevated protoporphyrin level is
most commonly indicative of iron deficiency anemia.

Other laboratory tests used for the diagnosis of iron deficiency anemia include mean corpuscular volume
(MCV), serum iron concentration and iron-binding capacity, and transferrin receptor concentration. A low MCV is
most commonly associated with iron deficiency anemia or thalassemia trait; a high MCV but low hemoglobin is
inconsistent with a diagnosis of iron deficiency and is more likely anemia caused by folate or vitamin B12 

deficiency.
The ratio of serum iron to iron-binding capacity (transferrin saturation) is decreased in individuals with iron

deficiency. This measure is less frequently used than in the past because the samples used for measurements can
be easily contaminated and its reproducibility is relatively poor.

Transferrin receptor concentration is a promising new indicator that should shortly become available for
widespread use. The transferrin receptor concentration is elevated in individuals with iron deficiency anemia but
not in those with inflammatory disease, a useful feature (Ferguson et al., 1992). For nutritional survey purposes,
the combination of transferrin receptor, serum ferritin, and hemoglobin concentration determinations is likely to
provide an excellent depiction of iron status (Cook et al., 1993).

PREVALENCE OF ANEMIA AS A PUBLIC HEALTH PROBLEM

Current information on the prevalence of iron deficiency anemia in the United States comes from data
collected between 1976 and 1980 as part of NHANES II. In NHANES II, the prevalence of iron deficiency anemia
(determined by MCV, transferrin saturation, and erythrocyte protoporphyrin) was about 9 percent (those below the
95 percent confidence interval; i.e., below the 2.5th percentile) in children 12 to 24 months of age (LSRO, 1984).
For nonpregnant women of childbearing age, the prevalence of iron deficiency anemia found in NHANES II was 5
percent. Throughout the 1980s, the preva
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lence of iron deficiency anemia in infants and preschool-age children declined, on the basis of prevalence data
collected under the CDC Pediatric Surveillance System, from 7 to 3 percent (Yip et al., 1987a,b). Preliminary data
from NHANES III collected between 1988 and 1991 appear to confirm this trend (preliminary analysis of data on
hemoglobin and serum ferritin concentration measures only), with a prevalence at or below 3 percent for both
black and white children 1 to 5 years of age; the prevalence among Mexican American infants, but not young
children, may be somewhat higher (A.C. Looker, National Center for Health Statistics, personal communication,
June 1993).

For women of childbearing age, data do not show a similar drop in the prevalence of iron deficiency anemia.
NHANES II and preliminary NHANES III data show that 4 to 10 percent of U.S. women of childbearing age have
iron deficiency anemia on the basis of two or three abnormal values for the surveyed indicators of iron status (see
above). The estimated prevalence is lower in non-Hispanic white women than in black women and women in one
Hispanic sub-group. Women between 15 and 19 years of age have a prevalence of iron deficiency anemia similar
to that of women between 20 and 44 years of age. For women between 20 and 44 years of age, a higher prevalence
of iron deficiency anemia is associated with poverty, low educational attainment, and high parity (LSRO, 1984).

No national population survey data on iron deficiency anemia are available for pregnant women. However,
data on low-income women are available from the CDC Pregnancy Nutrition Surveillance System, and the
national WIC evaluation. The 1990 CDC survey reported prevalences of iron deficiency anemia of 10, 14, and 33
percent in the first, second, and third trimesters of pregnancy, respectively, for all pregnant women of all races
(Kim et al., 1992). Black women exhibited a significantly higher prevalence of iron deficiency anemia than did
women of other races. CDC data show that the prevalence of iron deficiency anemia in the low-income population
has remained stable since 1979, a finding that the committee found particularly troubling.

Data from the 1985 National WIC Evaluation were consistent with most past studies—a significant negative
relationship of initial hemoglobin with birth-weight (-23.6 g birth-weight per 1 g/dl increase in hemoglobin
concentration [p<0.01] and a 0.96 percent increase in the rate of birth-weight under 2,500 g for each increase of 1
g/dl of initial hemoglobin [p<0.05]) (Rush et al., 1988). When these results were reexamined more closely for this
report, there was no evidence of adverse relationship between a hemoglobin level under 10 g/dl or over 14 g/dl
with adverse prenatal outcomes among whites. Among blacks, high hemoglobin (>14 g/dl) was associated with
low-birth-weight in both first and second trimester participants, and low hemoglobin (<10 g/dl) was associated
with low-birth-weight in first trimester participants, but numbers were small. For the much larger group of second
trimester participants, there was no association of low hemoglobin with low-birth-weight (D. Rush, Tufts
University, personal communication, June 1993).
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The committee's opinion, based on the findings presented above and the information cited in the references to
this report, is that the measures now in place are successfully addressing the problem of iron deficiency anemia
among infants and young children. The preliminary finding that the prevalence of iron deficiency anemia is
somewhat higher among children in one Hispanic sub-group, if confirmed, suggests a time lag in effectively
reaching groups made up of recent immigrant populations. In the case of women, the prevalence of iron deficiency
anemia persists at a level of 4 to 10 percent, and better information is needed to know why this is so. There is a
need, in general, to have better data on specific population groups to define meaningful cutoff points for iron
deficiency anemia in people of different racial and ethnic groups and to target interventions more effectively.
These needs are further explained in the section on recommendations for research at the end of the committee's
report.

IMPLICATIONS OF RESEARCH ON EXCESS IRON INTAKE

A recent article by Salonen and colleagues (1992) has renewed interest in the role of iron in chronic disease.
In the study of Salonen and colleagues, the central question was relatively straightforward: Is excess body iron, as
indicated by the plasma ferritin concentration, a significant positive risk factor for myocardial infarction? The
committee determined that it would be necessary to review the role of iron in relation to chronic disease (cancer,
atherosclerosis, and neurodegenerative disorders) postulated as resulting from excess iron through iron-catalyzed,
biologically undesirable reactions. The information considered by the committee in pursuit of this question is
contained in the paper by committee member John L. Beard, which appears in Appendix C to this report.

The committee determined that data are insufficient for a satisfactory test of the hypothesis of Salonen et al.
(1992) in the U.S. population or to link excess iron intake to an increased risk of other chronic diseases. A follow-
up analysis of NHANES I data (Sempos et al., under review) found no increased relative risk of myocardial
infarction associated with excessive dietary iron intake or high levels of transferrin saturation, hemoglobin, or
hematocrit (serum ferritin concentration were not measured) in people of all age, gender, and ethnic groups that
were studied. Other analyses (Cooper et al., 1993; Daviglus et al., 1993; Dunn et al., 1993; Rimm et al., 1993;
Stampfer et al., 1993) reached essentially the same negative conclusion.

In addition to the potential direct effects of high dietary iron intakes, large doses of supplemental iron may
have an effect on the levels of other minerals (i.e., zinc, manganese, and copper) in plasma. Although there is a
substantial research base on the interaction between iron and other minerals, it remains uncertain whether
recommendations for the use of supplemental iron for the prevention of iron deficiency anemia may have a
significant effect on other
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minerals consumed in the diet or taken in the form of supplements for other purposes (see Appendix B).

DEVELOPING RECOMMENDED SCREENING AND INTERVENTION GUIDELINES

The committee wishes to emphasize that the draft guidelines developed through its deliberations and
contained in this report are based on current recommendations of expert groups for preventing and treating iron
deficiency anemia among the populations under study (AAP, CON, 1993; IOM, 1990b, 1992b; LSRO, 1989), the
collective expertise and experience of the committee's members, and its review of the scientific literature. The
committee was not charged with nor had the resources to systematically evaluate the guidelines it produced for the
screening, prevention, and treatment of iron deficiency anemia in this report as part of its program of work.
Because the CDC plans to use the committee's draft recommendations to develop guidelines for public health
clinics and clinicians in private practice nationwide, the committee recommends that the proposed procedure be
evaluated, particularly with respect to costs and benefits, before implementation in the public and private sectors.

Such standards for basic requirements for screening have recently been outlined by Rush (1993) for a
proposed nationwide screening program for the elderly.

1.  Any screening procedure must have an acceptable level of sensitivity and specificity relative to some
definite diagnostic procedure. Sensitivity (the ability to identify true cases) is important when an
undetected case might have dire consequences, such as irreversible damage to the individual.
Specificity (the ability of the screening procedure to classify correctly those without the condition) is
important to avoid labeling someone with an incorrect presumptive diagnosis (false positive). Such
false-positive diagnoses might both overburden the health care system and cause unnecessary anxiety,
worry, expense, and bother for individuals who are not at risk.

2.  The screening procedure for a presymptomatic diagnosis (as opposed to case finding for symptomatic
disease) must give an adequate advantage in time (the lead time) over waiting for the individual to
appear for care because of symptoms.

3.  There must be a proven therapy for the disorder, and earlier treatment (the lead time) must confer
benefits over treatment at the time symptoms might otherwise have led to presentation for care.

4.  Finally, individual screening and therapy must offer benefits—both for the public health and the
nation's economy—over other possible strategies such as universal or community prevention
programs.

The committee believes that the research base for the hematologic tests suggested in its recommended
guidelines for screening prevention, and treatment of iron deficiency anemia meet the above criteria.

Additional standards for evaluating the committee's recommended guidelines are found in recent reports by
the Institute of Medicine's Division of Health Care Services (IOM, 1990a, 1992a). The Committee on Clinical

MAJOR ISSUES 8

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e 
us

e 
th

e
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Iron Deficiency Anemia: Recommended Guidelines for the Prevention, Detection, and Management Among U.S. Children and Women of Childbearing Age
http://www.nap.edu/catalog/2251.html

http://www.nap.edu/catalog/2251.html


Practice Guidelines has produced several reports on the development and evaluation of clinical practice
guidelines. The committee recommends that the draft guidelines proposed in this report be further evaluated by the
CDC against the eight attributes for clinical practice guidelines recommended by that Committee on Clinical
Practice Guidelines (see Table 3-1 in that committee's full report [IOM, 1992a]).

INTERVENTION STRATEGIES: EFFICACY AND SAFETY

The methods for delivering iron to children and women can be categorized as either population based or as
medicinal or therapeutic. The present population-based approach has two components—providing education to
promote the consumption of iron-rich foods and increasing the iron content of the food supply. The therapeutic
approach for delivering iron is through the voluntary or prescribed use of supplemental iron preparations.

Enrichment and Fortification

Enrichment of white bread and flour with iron (among other nutrients) is mandatory when the term
enrichment is used in labeling and fortification of both standardized and nonstandardized foods has taken place.
Fortification of ready-to-eat cereals gradually has increased, with many products now supplying 45 percent or
more of the U.S. Recommended Daily Allowance for iron in a 1-ounce (28-g) serving, the amount required for a
cereal to be eligible for purchase with food vouchers distributed in the U.S. Department of Agriculture's Special
Supplemental Food Program for Women, Infants, and Children (WIC). The WIC program is targeted to low-
income infants, children, and pregnant and lactating women, but it appears to have had the unintended effect of
increasing the iron contents of products purchased by the broad array of consumers. The extent to which
fortification of cereals with iron may have contributed to the increasing ferritin levels of men or the lower
prevalence of anemia in the general population of young children is unknown.

Fortification with iron of foods consumed solely by infants—formula and infant cereals—allows for a clearly
targeted intervention and is judged to have been effective. Appendix D outlines the trends in consumption of iron
from the above sources, the current regulatory framework for enrichment and fortification, and the use and
efficacy of iron-fortified infant cereals and meat in delivering iron to infants and children.

Education and Dietary Change

The most prevalent example of nutrition education for dietary change is embodied in the publication Nutrition
and Your Health: Dietary Guidelines for
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Americans (DHHS/USDA, 1991). Although there is no recommendation specific to iron, the first guideline, ''Eat a
Variety of Foods,'' specifically discusses ways to increase dietary consumption of iron through the consumption of
iron-rich foods. The use of the dietary guidelines has become a universal component of all nutrition education
programs. However, changes in diet brought about by educational efforts alone are very difficult to evaluate and
quantify. Program evaluations generally neglect to include an examination of dietary change (Dwyer, 1982). Also,
most evaluations are related to a combination of nutrition education and the delivery of food or supplemental iron
—nutrition education and supplemental food (food stamps, WIC, or school lunch) or nutrition education and iron
supplements (WIC, prenatal intervention studies [CDC-Ohio intervention in progress]).

A study of the dietary intake of preschool-age children showed that those who were provided supplemental
food and nutrition education through the WIC program had significantly higher intakes of energy, ascorbic acid,
and iron than nonparticipants (Brown and Tieman, 1986). Data from the 1985 National WIC Evaluation showed
that program participants had significantly higher intakes of thiamin, niacin, vitamin B6, ascorbic acid, and iron
than nonparticipants (Rush et al., 1988). However, there was no residual long-term impact on dietary intake
resulting from earlier enrollment in the program.

SUPPLEMENTATION FOR INFANTS AND CHILDREN

It appears that the use of nonfood supplemental iron is generally unnecessary for most infants and children.
However, supplemental iron as ferrous sulfate drops is recommended for preterm infants who are fed breast milk.
Iron-fortified infant formula supplies adequate iron for formula-fed preterm infants. Iron-fortified infant formula,
iron-fortified infant cereal, and meat are good dietary sources of iron for infants and children (See also
Appendix D).

It appears that supplemental iron for infants is safe at prescribed doses. However, all supplemental iron
preparations should be kept out of the reach of children to avoid poisoning. (See Appendix B for additional
information.)

SUPPLEMENTATION FOR WOMEN

Recommendations for the prescription of iron supplements have little prospect for success in preventing iron
deficiency anemia unless they are accompanied by compliant behavior. Research shows that compliance is
generally very inconsistent even for relatively simple drug regimens (Haynes et al., 1979). Although drug
compliance is often poor even for individuals with life-threatening conditions such as diabetes, epilepsy, and organ
transplantation, research shows that compliance is worse when the individual has no obvious illness, such as
hypertension. The observed compliance with supplemental iron regi
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mens is poor and is often worse among those who were initially anemic (Bonnar et al., 1969). Additionally,
suspected poor compliance attributed to the side effects of supplemental iron has been disputed in studies in which
only small differences in side effects were found among subjects taking therapeutic doses of iron (high doses of >
180 mg of iron per day) and those taking placebos (Hallberg et al., 1967; Sölvell, 1970).

On the other hand, the proportion of the adult population that uses self-supplementation with over-the-
counter mineral or vitamin-mineral products has increased from about 20 percent in the 1970s (Block et al., 1988)
to about 40 percent of adults at present (Bender et al., 1992). In 1986, one in four women in the 18- to 44-year-old
age group reported use of a supplement (most supplements taken were multivitamin-mineral supplements that
contain iron), with a median dosage equal to 100 percent of the Recommended Dietary Allowance (RDA)
(Stewart et al., 1985; Moss et al., 1989). Self-supplementation was higher among white women than among black
and Hispanic women. It is not known whether users take the supplements regularly or intermittently.

SAFETY

Great caution should be exercised in storing iron-containing supplements. The composition of iron
supplements intended for use by other household members (primarily women) is reported to be the most common
cause of pediatric poisoning deaths in the United States. A toxic dose of elemental iron is 30 mg/kg of body
weight for infants and children, and doses as low as 60 mg/kg have proved fatal (CDC, 1993).

Recommended Guidelines For Prevention, Detection, And
Management Of Iron Deficiency Anemia

The committee's background papers and discussions provided the basis for developing its recommended
guidelines for the prevention, detection, and management of iron deficiency anemia (previously published
guidelines for the prevention, detection, and management of iron deficiency anemia are presented in Table 2; see
also Appendixes B, C, and D). The sections below present the committee's guidelines for screening and treating
iron deficiency anemia among infants, children, and nonpregnant and pregnant women of childbearing age. For all
populations, the committee prefers and recommends dietary sources of iron over supplemental sources when
possible, because food has physiological factors that improve iron absorption and other factors beneficial to
overall health (NRC, 1989). In this report, dietary sources of iron include meat; iron-fortified infant formula;
iron-fortified infant cereals; and iron-forti
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fied, ready-to-eat cereals. However, for some specific populations, supplemental iron in addition to dietary
sources is necessary.

INFANTS AND CHILDREN

Although iron deficiency anemia appears to be continuing to decrease in prevalence among infants and
children, there remain significant portions of the population at risk for developing iron deficiency anemia. For
infants and children less than 6 years of age, anemia is defined as a hemoglobin concentration of less than 11.0 g/
all or a hematocrit level of less than 33 percent. Blacks may normally have lower hemoglobin levels; this justifies
the use of cutoff values of less than 10.7 g/dl or less than 32 percent, respectively (Johnson-Spear and Yip, in
press). Screening should be delayed if there is an indication of infection or if there has been an infection within the
past 2 weeks.

For preterm infants who are no longer receiving hospital-based care, the committee recommends, after
screening for anemia at no later than 3 months of age, the provision of supplemental iron (as ferrous sulfate drops)
at 2 mg/kg/day or iron-fortified formula at no later than 1 month of age and continuing through 12 months of age
to prevent further diminution of low fetal iron stores. Infants fed iron-fortified infant formula do not need an
additional source of iron. Preterm infants should be screened for anemia by determining their hemoglobin or
hematocrit level.

For most breastfed term infants, the committee recommends that they receive a source of iron (iron-fortified
infant cereal, meat, or supplemental iron at 1 mg/kg/day) beginning at 4 months of age. After weaning from the
breast, supplemental iron should stop being delivered and dietary sources of iron and iron-fortified formula should
be used until the child is 12 months of age.

For formula-fed infants, the committee recommends the use of an iron-fortified infant formula until the infant
consumes solid food or until age 12 months. When starting solid foods for all infants, iron-fortified infant cereal or
meat should be used. Dietary counseling and nutrition education should include recommendations about the use of
ascorbic acid-rich foods and meat to enhance iron absorption.

Term infants who are breastfed or nonbreastfed infants who are not receiving iron-fortified infant formula
should be screened for anemia at 9 months of age. For infants determined to be anemic, the infant should be placed
on supplemental iron or iron-fortified formula. In the case of mild anemia in a formula-fed infant (hemoglobin
level between 10 and 11 g/all, or hematocrit level between 30 and 33 percent), an iron-fortified infant formula
without supplemental iron drops may be adequate. All anemic infants should be reevaluated after 4 weeks of
treatment. If there is a response of greater than or equal to 1 g/dl in the hemoglobin level or greater than or equal to a
rise of 3 units in the hematocrit level or a value within the normal range, iron should be continued for 2 more
months and then the source of supplemental iron should be discon
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tinued. If there is no response or a response of less than 1 g/dl in the hemoglobin level or less than 3 units in the
hematocrit level, the clinician should check for compliance with supplemental iron or determine the serum ferritin
concentration. A serum ferritin concentration of greater than 15 µg/liter suggests that the anemia is not due to iron
deficiency.

Infants with moderate or severe anemia (hemoglobin of <10.0 g/dl or hematocrit of <30 percent [<9.7 g/dl or
<29 percent, respectively, for blacks]) should be evaluated by a physician.

For young children 2 years of age and older, no routine screening is needed if the child was not found to be
anemic during earlier screenings. Children at mid-youth (6-12 years) with other risk factors (e.g., poverty, abuse,
or poor household conditions) may need to be rescreened. As with the committee's earlier discussion of the
consequences of excess iron and in the absence of research that indicates that iron deficiency anemia is a problem
in adolescent boys, the committee cannot recommend a routine screening during childhood and adolescence. For
adolescent girls, clinicians should follow the committee's recommendations for nonpregnant women of
childbearing age.

NONPREGNANT WOMEN OF CHILDBEARING AGE

The committee believes that some subpopulations of nonpregnant women of childbearing age (those in
poverty, recent immigrants, etc.) are at special risk of developing iron deficiency anemia. The committee
recommends that all nonpregnant women of childbearing age be screened for anemia at least once between 15 and
25 years of age. If other biologic risk factors for anemia are present (i.e., high menstrual blood loss, frequent blood
donation, high parity) or there is a previous diagnosis of iron deficiency anemia, more frequent screening is
warranted (i.e., every 2-3 years).

The anemia screening should be done with blood obtained by venipuncture. If anemia was suspected on the
basis of a skin puncture sample, anemia should be confirmed with a repeat screen with blood obtained by
venipuncture. For nonsmoking women, the committee recommends the following cutoff values: hemoglobin,
<12.0 g/dl; hematocrit, <36 percent; or serum ferritin concentration, <12 µg/liter. A serum ferritin concentration
determination is recommended to confirm iron deficiency anemia. Note that cutoff hemoglobin values for blacks
should be set at 0.8 g/all lower than the hemoglobin values given above. (See table of adjustments for smoking and
altitude in the screening guidelines for nonpregnant women of childbearing age later in the report and in
Appendix B.)

The recommended treatment approaches for iron deficiency anemia in nonpregnant women of childbearing
age follow. If the concentration of hemoglobin is no more than 2 g/dl below the cutoff value for hemoglobin, the
woman should be treated with a therapeutic dose of iron of about 60 mg twice a day (total daily dose of 120 mg of
iron) and she should be provided with nutri

RECOMMENDED GUIDELINES FOR PREVENTION, DETECTION, AND MANAGEMENT OF IRON DEFICIENCY ANEMIA 15

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e 
us

e 
th

e
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Iron Deficiency Anemia: Recommended Guidelines for the Prevention, Detection, and Management Among U.S. Children and Women of Childbearing Age
http://www.nap.edu/catalog/2251.html

http://www.nap.edu/catalog/2251.html


tion education (IOM, 1990b). The clinician should check for a response after 1 to 1.5 months. If there is no
response (<l.0-g/dl increase in hemoglobin or <3-unit increase in hematocrit), despite what appears to be good
compliance, the clinician should determine the serum ferritin concentration and consider other causes of anemia. A
low hemoglobin or hematocrit level and a serum ferritin concentration of less than 20 µg/liter suggest iron
deficiency anemia. In the presence of inflammation or infection, a low hemoglobin concentration or hematocrit
level in conjunction with a serum ferritin concentration greater of than 15 µg/liter may also suggest iron deficiency
anemia. If there has been a response resulting from supplemental iron, iron supplementation therapy should be
continued until the hemoglobin concentration is 12.0 g/dl (see the table of adjustments for smoking and altitude in
the screening guidelines for nonpregnant women of childbearing age later in the report), after which iron can be
decreased to a maintenance level of about 30 mg of iron per day for 4 months and then discontinued.

Severe anemia is unusual in nonpregnant women of childbearing age and may not be due to iron deficiency. A
complete medical history, including dietary history, a more thorough physical examination, and additional
laboratory studies (i.e., complete blood count, reticulocyte count, and serum ferritin concentration), is indicated to
determine the cause of anemia.

Alteration of diet may retard the development of iron deficiency anemia and avoid the need for supplemental
iron in many nonpregnant women of childbearing age. Clinicians and other health care deliverers should
emphasize dietary recommendations that encourage the consumption of ascorbic acid-rich foods or meats to
enhance iron absorption from meals and discourage the consumption of tea or coffee with meals. In women at risk
of multiple-nutrient deficiencies, clinicians may consider prescribing a multivitamin-mineral supplement of
appropriate composition that contains approximately 30 mg of iron per tablet (see Appendix B, Table B-11, from
IOM, 1992b).

PREGNANT WOMEN

The committee believes that pregnant women are the most at-risk population covered by this report. All
pregnant women should be screened for iron deficiency anemia at the first prenatal visit and at least once during
each subsequent trimester. Nutrition education about diet during pregnancy should be provided at every prenatal
visit. This includes providing counseling on eating a diet rich in iron and foods that enhance iron absorption,
avoiding foods that inhibit iron absorption (which should be consumed separately from iron-rich foods), and
following guidelines in Nutrition and Your Health Dietary Guidelines for Americans  (DHHS/USDA, 1991) and
Nutrition During Pregnancy and Lactation: An Implementation Guide (IOM, 1992b).

The committee recommends that hemoglobin or hematocrit and, when feasible, serum ferritin concentration
be determined early during the first tri
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mester. Clinicians should refer the patient for further medical follow-up when the hemoglobin level is less than 9.0
g/dl or when the hemoglobin level is between 9.0 and 10.9 g/dl and the serum ferritin concentration is greater than
30 µg/liter. The committee does not recommend providing supplemental iron to pregnant women when the
hemoglobin level is 11.0 g/all or greater in the presence of a serum ferritin concentration greater than 20 µg/liter.
When the hemoglobin level is between 9.0 and 10.9 g/dl and the serum ferritin concentration is between 12 and 20
µg/liter or the hemoglobin level is 11.0 g/all or greater and the serum ferritin concentration is 20 µg/liter or less, 30
mg of supplemental iron should be provided on a daily basis.

The clinician should prescribe 60-120 mg of supplemental iron per day when the hemoglobin level is between
9.0 and 10.9 g/dl and the serum ferritin concentration is less than 12 µg/liter. Similar adjustments for hemoglobin
and hematocrit levels in blacks should be made, as outlined above in the guidelines for nonpregnant women of
childbearing age.

The hemoglobin level in anemic women should be evaluated at subsequent prenatal visits. If there has been
no response to iron supplementation, the patient should be referred for additional follow-up. If the hemoglobin
level is normal for that stage of pregnancy, the supplemental iron dose should be lowered to 30 mg/day.

If the first prenatal care visit does not occur until the second trimester, a blood specimen should be obtained
by venipuncture and the hemoglobin level and serum ferritin concentration should be determined. Although the
serum ferritin concentration declines during the second trimester of pregnancy, the measurement can be useful in
assisting in the interpretation of the hemoglobin value. Clinicians should refer patients for further medical follow-
up when the hemoglobin level is less than 9.0 g/dl. The clinician should prescribe 60-120 mg of supplemental iron
per day when the hemoglobin level is between 9.0 and 10.4 g/dl and in the presence of a serum ferritin
concentration of less than 12 mg/liter, and should prescribe 30 mg of supplemental iron per day when the
hemoglobin level is 10.5 g/dl or greater in the presence of a serum ferritin concentration of 20 µg/liter or less. If
the serum ferritin concentration is greater than 20 µg/liter, no intervention is recommended, regardless of the
hemoglobin level.

At a visit during the third trimester, the clinician should obtain a blood specimen by venipuncture and
determine the hemoglobin level. The patient should be referred for follow-up when the hemoglobin level is less
than 9.0 g/dl. The clinician should prescribe 60-120 mg of supplemental iron per day when the hemoglobin level is
between 9.0 and 10.9 g/dl and 30 mg of supplemental iron per day when the hemoglobin level is 11.0 g/dl or
greater.

Supplemental iron can be stopped at the time of delivery unless anemia has continued throughout or after
pregnancy or for those at high risk of iron deficiency anemia (i.e., excessive blood loss during pregnancy or
multiple births). In that case, the clinician should continue supplementation until the 4- to 6-week postpartum
visit. The committee's anemia criteria for nonpregnant
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women of childbearing age should be used for women at the 4- to 6-week postpartum visit.

COMMENTS AND CAUTION ABOUT CUTOFF VALUES FOR LABORATORY TESTS

In this report, cutoffs for blood parameters are suggested in connection with recommended screening for iron
deficiency. The committee emphasizes that it has selected cutoffs that should best be interpreted as follows: below
this level, iron deficiency anemia may be present. For a significant proportion of people, the suggested cutoff
levels do not mark any identified abnormality, and one should be careful to avoid generating unfounded concern in
the patient or, in the case of infants, in the parents. Statistical evidence suggests that for a very substantial
proportion of individuals selected for supplementation by the suggested cutoffs, a blood sample drawn a few days
or weeks later (without any intervention) will show values in the normal range. However, for some individuals the
values above the cutoffs will indicate a true anemia or iron deficiency. To protect those individuals, the committee
made a conscious choice to set the cutoffs higher than might be used in clinical diagnostic practice, and certainly
higher than the levels that are commonly recognized as driving clinical concern about detrimental consequences
from iron deficiency anemia.

The recommendation to use lower cutoff values for hemoglobin in blacks in screening for iron deficiency
anemia is consistent with the observation that hemoglobin values for this population are lower than those for other
groups of comparable iron status (Johnson-Spear and Yip, in press; Perry et al., 1992). It is also consistent with the
presently accepted definition of anemia as a hemoglobin concentration below the 95 percent confidence interval
(i.e., below the 2.5th percentile) for a normal reference population. For all races, better information is urgently
needed to provide functional, meaningful definitions of iron deficiency anemia and iron status.

COMMENTS AND CAUTION ABOUT ROUTINE USE OF FERRITIN VALUES

Although the committee recommends the use of blood ferritin values as part of its screening protocol for the
populations under study in this report, there are several explanatory comments and cautions about its use. It may
be impractical or unfeasible to perform serum ferritin determinations in some settings. In settings where it is either
impractical or too costly to obtain serum ferritin values, the committee continues to recommend the use of
hemoglobin concentration or hematocrit value for the determination of iron deficiency anemia. When this is the
case, clinicians and health care workers should be particularly aware that the anemia may not be the result of iron
deficiency. However, the committee wishes to make it clear that it views serum ferritin values as being more
precise in determining iron deficiency anemia. It also urges the development of more economical, uncomplicated
serum ferritin concentration determination kits for use in many settings.
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Recommended Guidelines for Preventing and Treating Iron
Deficiency Anemia in Infants and Children

A. TERM, BREASTFED INFANTS

1.  Start a source of iron (supplemental iron at 1 mg/kg/day or iron-fortified infant cereal or meat) at age 4
months. If using supplemental iron, keep iron out of reach of infants and children.

2.  After weaning from the breast, stop the iron supplement and use iron-fortified infant formula until age
12 months.

3.  Avoid cow's milk until after age 12 months.

B. TERM, FORMULA-FED INFANTS

1.  Use iron-fortified formula until age 12 months.
2.  If feeding iron-fortified infant formula, iron-fortified cereal is not needed.
3.  Avoid cow's milk until after age 12 months.

C. PRETERM INFANTS (POST DISCHARGE FROM HOSPITAL CARE)

1.  Start supplemental iron (2 mg/kg/day) or iron-fortified formula no later than age 1 month and continue
to age 12 months.

2.  Preterm infants (weight, >1,000 g) fed iron-fortified formula do not need additional iron.
3.  For preterm breastfed infants, follow the recommended guidelines under A.2 through A.3 above.

D. STARTING SOLID FOODS

1.  After about age 4 months, use iron-fortified infant cereal and meat.
2.  Use ascorbic acid-rich foods, meat, or both with meals to improve iron absorption.

E. SCREEN FOR ANEMIA BY DETERMINING HEMOGLOBIN OR HEMATOCRIT

1.  Screen term infants who are not receiving iron-fortified formula and breastfed infants (even those
receiving an iron supplement, as a check on compliance) at age 9 months.

2.  Screen preterm infants who are not receiving iron-fortified formula no later than age 3 months.
3.  Delay screening if there is an infection or there has been an infection within the past 2 weeks.
4.  Anemia (from ages 0.5 to 4.9 yr) is defined as hemoglobin of <11.0 g/dl or hematocrit of <33 percent.

Blacks may normally have lower hemoglobin levels, justifying the use of cutoff values of <10.7 g/dl
or <32 percent, respectively.

RECOMMENDED GUIDELINES FOR PREVENTING AND TREATING IRON DEFICIENCY ANEMIA IN INFANTS AND
CHILDREN
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F. TREATMENT FOR ANEMIC INFANTS AND CHILDREN

1.  Infants with moderate or severe anemia, hemoglobin of <10.0 g/dl or hematocrit of <30 percent (<9.7
g/dl or <29 percent, respectively, for blacks), should be evaluated by a physician. For mild anemia,
change to an iron-fortified formula or start iron drops at a dose of 3 mg of iron per kg/day. Keep iron
supplements out of reach of children, because iron is a very common cause of poisoning in children.

2.  After 4 weeks, check for a response consisting of a hemoglobin increase of 1 g/dl, a hematocrit
increase of 3 percent, or a value within the normal range. If there is a response, continue iron drops
(or iron-fortified formula) for 2 more months and then discontinue supplemental iron drops. Continue
iron-fortified formula until age 12 months.

3.  If there is no response, check compliance with supplemental iron regimen, determine serum ferritin
concentration, or both. A serum ferritin concentration of >15 µg/liter suggests that the anemia is not
due to iron deficiency.

4.  Check hemoglobin or hematocrit again at age 15 or 18 months in infants who were found to be anemic
at an earlier age. If there is a response, continue iron for 2 more months and then discontinue
supplemental iron.

G. CHILDREN OVER AGE 24 MONTHS

No routine screening is needed if the child was not anemic during prior screenings. However, children at
mid-youth may need screening if other risk factors exist—poverty, abuse, poor household conditions, etc. In the
absence of research findings that indicate that iron deficiency anemia is a problem in adolescent boys, the
committee cannot recommend a routine screening for anemia during childhood and adolescence. See guidelines
for preventing and treating iron deficiency anemia in nonpregnant women of childbearing age for information on
screening adolescent girls.
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Recommended Guidelines For Preventing And Treating Iron
Deficiency Anemia In Nonpregnant Women Of Childbearing

Age

A. GENERAL SCREENING OF WOMEN OF CHILDBEARING AGE

1.  All nonpregnant women should be screened for anemia between 15 and 25 years of age.
2.  Consider screening once every 5 to 10 years if there are no risk factors for anemia. If medical or

social risk factors for anemia are present (high parity, frequent blood donation, high menstrual blood
loss, previous diagnosis of iron deficiency anemia, poverty, or recent immigration), more frequent
screening is warranted.

B. ANEMIA SCREENING PROCEDURE, IF NECESSARY

1.  Obtain blood by venipuncture. If anemia was suspected on the basis of a skin puncture sample, confirm
analysis on venipuncture blood.

2.  Use appropriate cutoff values for anemia as follows:

10-20 21-40 Altitude

Parameter Nonsmokers cigs./day cigs./day >5,000 ft

Hemoglobin (g/dl) 12.0 12.3 12.5 12.5

Hematocrit (percent) 36.0 37.0 37.5 37.5

NOTE: Cutoff values for black women may normally be 0.8 g/dl lower than the hemoglobin values given above.

C. COUNSELING AND PREVENTIVE THERAPEUTIC MEASURES FOR NONANEMIC
WOMEN

1.  Most women do not require an iron supplement.
2.  Women planning a pregnancy and at increased risk of iron deficiency anemia can take an iron-folate

combination supplement containing folate at 0.4 mg/day and iron at about 30 mg/day.
3.  In women with increased risk of nutrient deficiencies, consider a multivitamin-mineral supplement of

appropriate composition that contains about 30 mg of iron.
4.  Iron-containing supplements are best taken between meals or at bedtime with water or juice, not with

tea, coffee, or milk. Keep out of reach of children, because iron is a very common cause of poisoning
in children.

D. TREATMENT FOR ANEMIC WOMEN

1.  Mild anemia. If the concentration of hemoglobin is no more than 2 g/dl below the cutoff value (<10.0
g/dl), treat with a therapeutic dose of iron of about 60 mg twice a day (total daily dose, 120 mg).
Provide dietary advice. Check for a response after 1 to 1.5 months. If there has been no response (an
increase of at least 1.0 g/dl in hemoglobin or 3 percent in hematocrit), despite what appears to be good
compliance, determine the serum ferritin con
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centration and consider other causes of anemia. Anemia and a serum ferritin concentration of <15
µg/liter suggest iron deficiency'. If there has been a response, continue the therapeutic dose of iron for
2-4 months or until the hemoglobin concentration is 12.0 g/dl. After that time, the dosage of iron can
be reduced to about 30 mg of iron per day for 6 months. A repeat serum ferritin concentration within
normal limits is recommended prior to termination of iron therapy to determine repletion of iron
stores.

2.  Blacks may normally have slightly lower hemoglobin values than other races (0.8 g/dl less, on
average). Anemia combined with a serum ferritin concentration of <15 µg/liter suggests iron
deficiency. If the ferritin concentration is higher, the anemia is unlikely to be due to iron deficiency.

3.  Severe anemia is unusual and may not be due to iron deficiency. Further history, including dietary
history, a more thorough physical exam, and additional laboratory studies (i.e., complete blood count,
reticulocyte count, and serum ferritin concentration) are indicated to determine the cause of anemia.

E. ADVISE ON DIET

Eat a varied diet and enhance iron absorption by including meat, ascorbic acid-rich foods (fruit juice or fruit),
or both in meals. Avoid tea or coffee with meals.
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Recommended Guidelines For Preventing And Treating Iron
Deficiency Anemia In Pregnant Women

A. SCREEN FOR ANEMIA AT THE FIRST PRENATAL VISIT AND TREAT AS
APPROPRIATE

1.  If the first prenatal visit occurs in the first trimester, draw blood and determine hemoglobin and
ferritin concentrations. Obtain medical evaluation when the hemoglobin concentration is <9.0 g/dl or
the hemoglobin is between 9.0 and 10.9 g/dl and the serum ferritin concentration is >30 µ/liter.

2.  Do not treat with iron when the hemoglobin concentration is 11.0 g/dl and the serum ferritin
concentration is >20 µg/liter.

3.  Give 30 mg of supplemental iron when the hemoglobin concentration is between 9.0 and 10.9 g/dl and
the serum ferritin concentration is between 12 and 20 µg/liter, or the hemoglobin concentration is 
11.0 g/dl and the ferrit-in concentration is 20 µg/liter.

4.  Give 60-120 mg of supplemental iron when the hemoglobin concentration is between 9.0 and 10.9 g/
dl and the ferritin concentration is <12 µg/liter.

5.  At subsequent prenatal visits, evaluate the hemoglobin concentration. If there has been no response to
iron supplementation, refer for additional medical evaluation. If the hemoglobin concentration is
normal for that stage of pregnancy, lower the supplemental iron dose to 30 mg of iron per day.

NOTE: Blacks may normally have hemoglobin levels 0.8 mg less than those for other races. Adjustments
should be made for higher hemoglobin levels observed in women accustomed to higher altitudes or those who
smoke cigarettes.

B. SCREEN FOR ANEMIA AT THE SECOND-TRIMESTER VISIT AND TREAT AS
APPROPRIATE

1.  At a scheduled second-trimester visit, or if the first prenatal visit occurs in the second trimester, obtain a
blood specimen and determine the hemoglobin and serum ferritin concentrations. Although the serum
ferritin concentration declines during the second trimester of pregnancy, the measurement can be
useful in assisting with the interpretation of the hemoglobin value. Refer for additional medical
evaluation when the hemoglobin concentration is <9.0 g/dl.

2.  Prescribe 60-120 mg of supplemental iron per day when the hemoglobin concentration is between 9.0
and 10.4 g/dl in the presence of a serum ferritin concentration of < 12 µg/liter.

3.  Prescribe 30 mg of supplemental iron per day when the hemoglobin concentration is 10.5 g/dl in the
presence of a serum ferritin concentration of 20 µg/liter. If the serum ferritin concentration is >20
µg/liter, no treatment is needed.
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4.  Stop supplemental iron at delivery (at the 4- to 6-week postpartum visit if anemia continued through
the third trimester).

C. SCREEN FOR ANEMIA AT THE THIRD-TRIMESTER VISIT AND TREAT AS
APPROPRIATE

1.  At a scheduled third-trimester visit, or if the first prenatal visit occurs in the third trimester, obtain a
blood specimen and determine the hemoglobin concentration. Obtain medical evaluation when the
hemoglobin concentration is <9.0 g/dl.

2.  Prescribe 60-120 mg of supplemental iron per day when the hemoglobin concentration is between 9.0
and 10.9 g/all.

3.  Prescribe 30 mg of supplemental iron per day when the hemoglobin concentration is 11.0 g/dl.
4.  Stop supplemental iron at delivery (at the 4- to 6-week postpartum visit if anemia continued through

the third trimester).

D. SCREEN HIGH-RISK WOMEN FOR ANEMIA AT THE 4- TO 6-WEEK POSTPARTUM
VISIT

Screen women at high risk for iron deficiency anemia at the 4- to 6-week postpartum visit (risk factors
include anemia continued through the third trimester, excessive blood loss during delivery, or multiple births).
Obtain a blood specimen and determine the hemoglobin concentration. Interpret the results with the same criteria
as for nonpregnant women.

E. ADVISE ON DIET AT EACH PRENATAL VISIT

1.  Eat a varied diet of iron-rich foods and foods that enhance iron absorption (meats and ascorbic acid-
rich fruits). Items that inhibit absorption of iron (tea, coffee, whole-grain cereals [particularly bran],
unleavened whole-grain breads, and dried beans) should be consumed separately from iron-rich
foods.

2.  Follow the guidelines of Nutrition and Your Health: Dietary Guidelines for Americans (DHHS/
USDA, 1991) and Nutrition During Pregnancy and Lactation: An Implementation Guide (IOM,
1992b).

NOTE: If 120 mg of supplemental iron per day is prescribed, recommend delivery of one 60-mg tablet twice a
day.
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Recommendations For Research

In conducting its critical review of the available information related to public health approaches to the
prevention, detection, and management of iron deficiency anemia, the committee identified two major gaps in the
research base. The first consists of information on the efficacy of routine iron supplementation during pregnancy
and the second consists of several gaps in the research base for public policy decision making.

EFFICACY OF ROUTINE IRON SUPPLEMENTATION DURING PREGNANCY

The evidence on which to base a coherent policy of whether to routinely provide iron supplements for iron
deficiency to pregnant women who are not overtly anemic—and if so, at what stage of pregnancy supplementation
should begin and at what dosage—is unclear. Almost all observational studies that have related hemoglobin or
hematocrit to birth-weight or duration of gestation have shown a consistent U-shaped relationship with adverse
outcome at very low (<8 or 9 g/dl) or high (>13 g/dl) hemoglobin levels. These relationships are true for
hemoglobin measured at any time during pregnancy, but are weakest for the relationship between a low
hemoglobin concentration in the third trimester and an adverse outcome (i.e., premature birth, low-birth-weight).

The meaning of these observations is further obscured because, taken in toto, there has been no observed
effect of iron supplementation on the duration of gestation or birth-weight in rigorous controlled trials (Hemminki
and Starfield, 1978).

Thus, it is unclear whether an adverse prenatal outcome associated with the level of hemoglobin, low or high,
can be reversed by iron supplementation or some other intervention.

High levels of hemoglobin have consistently been observed in association with a severely adverse prenatal
outcome. Those who advocate universal supplementation posit that high levels of hemoglobin have little or
nothing to do with iron status but rather to a unphysiologically low level of expansion of plasma volume during
pregnancy. However, this has not been studied directly. Taylor and Lind (1979) demonstrated that iron
supplementation has no effect on plasma volume. They found that although the red blood cell mass increased by
180 ml among controls, it increased by 349 ml among those treated with 65 mg of elemental iron daily. Thus, the
hemoglobin concentration was increased, and therefore, it is unclear whether hemoglobin levels could also be
raised among women with inadequate plasma volume expansion and whether it would possibly cause problems
associated with a high hemoglobin concentration. Also, among women who received supplemental iron in
controlled trials of iron supplementation during pregnancy, the weighted value of the mean plus two standard
deviations for the hemoglobin concentration closest to term (between 36 and 40 weeks) was 14.6 g/dl (Table 3).
This concentration is well above that
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associated with an adverse prenatal outcome and suggests the possibility that routine supplementation may
possibly induce dangerous hemoglobin concentrations. It has been assumed that supplementation only affects
those with low hemoglobin values and that there will not be an increase in hemoglobin concentration in those with
high or fairly high hemoglobin concentrations (i.e., that there is a truncated distribution with supplementation: low
values would increase, but higher values would not). On the other hand, all of the studies presented change in
terms of mean and standard deviation (or standard error) and did not present any distributional data to test the
assumption that there is little or no increase in high values.

Thus, a nested set of assumptions underlies a policy of routine supplementation, and all of these assumptions
need to be tested by objective and careful research. The first assumption is that the adverse outcomes associated
with high hemoglobin concentrations have little or nothing to do with red blood cell mass but, rather, are a
function of contracted or inadequately expanded plasma volume. This assumption needs testing in an
observational study that asks the following: Are high hemoglobin concentrations with adequately expanded
plasma volume associated with an adverse outcome, or are only high hemoglobin concentrations associated with
inadequately expanded plasma volume?

The second assumption that needs explicit study is whether routine supplementation with iron produces a
change only among those with lower hemoglobin levels or affects the entire range of the distribution. If the latter
is true, does it affect women with inadequately contracted plasma volume in ways that may result in hemoglobin
concentrations that could be dangerous?

Finally, these preliminary studies need to be the basis for a large, well-de-signed, randomly controlled trial of
routine iron supplementation in women who do not have frank iron deficiency anemia in early pregnancy. Without
such a study, it cannot be concluded from data currently published in observational or experimental studies that
iron supplementation is beneficial to the progress of pregnancy and that it presents no dangers to the pregnancy or
in the prenatal period. So far there is little or no evidence that routine iron supplementation is of benefit to fetal
growth, to the duration of pregnancy, or to indices other than the replenishment of the iron stores of the mother
(not the infant). Moreover, by 6 weeks postpartum, hemoglobin levels in women who do not receive iron
supplements are, on average, at their prepregnancy levels.

The need for caution is reflected by a new expert committee's report that concludes that iron supplementation
for women who do not have iron deficiency anemia is unnecessary (Woolf and Washington, in press). This is,
however, the conclusion of a minority of clinicians in the United States, where iron supplementation of pregnant
women has been routine for years.

Without benefit of further research, the committee believes that the current routine iron supplementation
practice should not be changed. The committee believes that the standard practice of routine iron
supplementation during pregnancy should not be altered without evidence as firm as that required 
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to initiate some new medical intervention or practice. 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,
advantageous; the support for the practice is based on an extrapolation from an incomplete database.

RESEARCH BASE FOR PUBLIC POLICY

Improved Data on Iron in the Food Supply

To more accurately determine the impact of iron fortification on dietary intake, the committee recommends
improvement in the database on the types of iron used to fortify foods, the quantity of iron added to those
foods, and the iron usage patterns by population subgroups (race, gender, and income and in relation to
patterns of serum ferritin concentrations). Once the database is improved, researchers will be better equipped to
estimate the iron intakes of various population subgroups. Such estimates, perhaps with the addition of projections
based on recent trends, can form the basis for future recommendations for iron fortification of foods. Such data
will be particularly useful for predicting which populations of consumers, if any, are at risk of excessive iron
intake. Similar data also should be collected on over-the-counter supplement preparations and their use.

Expand the Sample of Infants and Minorities in National Nutrition Surveys

In preparing its screening guidelines for infants, the committee relied on NHANES data for children 2
through 5 years of age. Estimates and extrapolations for infants based on data on preschool-age children are
probably not appropriate for the screening recommended at 9 months of age. In the future, nutrition surveys
should include a sufficient number of infants in the survey sample size to permit estimates of iron deficiency
anemia for groups of infants at 3-month age intervals from birth through 2 years of age. These data are
needed to determine the appropriate cutoff values for infants with different ethnic and racial backgrounds.

Because of the differences in iron nutrition status among racial and ethnic subgroups, nutrition surveys
should include larger numbers of individuals from ethnic subgroups in survey samples. For example, the
sample used in NHANES III for the ''Hispanic'' population covers only Mexican Americans. Larger samples of
Hispanic and other ethnic groups could be added to future survey samples (e.g., Cubans, Puerto Ricans, and those
from the Caribbean). By expanding the representation of ethnic subgroups in national nutrition surveys,
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more data would be available to correlate dietary beliefs and practices with health status measurements.

More Information on the Prevalence of Iron Deficiency Anemia Among Adolescents

Another group for which prevalence data on iron deficiency anemia were lacking is adolescents. The
committee recommends that more information be collected about the prevalence of iron deficiency anemia
in adolescent males and females and about the critical determinants of iron nutrition during adolescence. 
Intervention programs that are designed to work for older women or poor and underprivileged mothers stand a
good chance of not working for teens because of social issues pertinent only to adolescence. For adolescent males,
more information on the effect of iron intake and athletic performance and endurance is needed.

New Determinants of Iron Deficiency Anemia in the First Trimester of Pregnancy

A key issue confronting the committee was the ability of clinicians and public health practitioners to identify
early in pregnancy women who are at risk for developing iron deficiency anemia in the first trimester of
pregnancy. Data from Scholl and colleagues (1992) indicate that the first trimester is a time of great risk for the
developing fetus, with the potential for iron deficiency anemia to have a negative impact on fetal growth. The
committee therefore recommends that studies be done to identify new determinants of iron deficiency
anemia in pregnant women during the first trimester of pregnancy.

Conduct Cost-Benefit Studies on the Use of Serum Ferritin Concentration Determinations

Costs vary widely for the laboratory test to determine serum ferritin concentration. This is primarily based on
the fact that different settings apply different overhead costs to the charge associated with this test. Administration
of the basic test generally costs less than $1. The committee has recommended that laboratory determination of
serum ferritin concentration be conducted to confirm the presence of iron deficiency anemia. This laboratory test
is currently used in many settings as part of the prenatal laboratory profile conducted throughout the course of
pregnancy. Although there is substantial agreement on the value of the use of the serum ferritin concentration
determination to confirm iron deficiency anemia, at present there are few cost-benefit data to
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support the widespread use of the test. Additionally, the number of individuals who would benefit from this
additional screening tool is not entirely clear. Therefore, the committee recommends that cost-benefit studies
be conducted to determine the value of the widespread use of serum ferritin concentration tests as part of
the screening protocol for evaluating iron deficiency anemia.

Sensitivities and Specificities of New Tests to Measure Iron Status

Although the state of the science for determining iron status has improved markedly, the committee
recommends that more information be collected on the sensitivities and specificities of new tests for iron
status, particularly in relation to different prevalences of iron deficiency anemia among at-risk population
groups. For example, little information is available on the distribution of ferritin and transferrin receptors among
different ethnic and racial groups. There is a need for expanded information on the predictive value of iron tests
for specific at-risk groups (i.e., ferritin receptor).

Alternative Approaches to the Prevention and Detection of Iron Deficiency Anemia

Lastly, the committee found little information about the cost-benefit attributes of alternative public health
approaches for preventing and detecting iron deficiency anemia. Therefore, the committee recommends that
more information be collected about the costs and benefits of alternative approaches for preventing and
detecting iron deficiency anemia. There is little information in the literature about the efficacy or effectiveness
of alternative intervention strategies, and the committee therefore did not find it surprising that little information is
available on the cost-benefit attributes of alternative public health approaches. Some straightforward studies on the
cost implications of policy changes in the types of laboratory tests used to evaluate iron nutrition and the presence
of iron deficiency anemia should be undertaken. Similarly, analyses of the cost implications of policy changes
related to changes in cutoff values should also be conducted. The cost and effectiveness of ready-to-eat cereal
fortification versus other methods of increasing iron should be of interest to WIC officials in particular. Trends in
consumption patterns for major food classes should be monitored. Changes in food selection in response to dietary
guidelines to reduce fat and increase nutritional quality—that is, to increase consumption of whole-grain cereals,
vegetables, and beans and to decrease intake of red meat—may affect an individual's overall intake of iron, heme
iron, and bioavailability (owing to the intake of phytate and other factors). Analysis of data from the 1987-1988
Nationwide Food Consumption Survey showed a
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weak but statistically significant negative correlation between diet quality variables defined as percentage of
energy from fat and intakes of 15 nutrients below two-thirds of the Recommended Dietary Allowance. This led the
authors to conclude that the adults surveyed seldom choose diets that are both high in nutrients and low in fat
(Murphy et al., 1992).
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B

Iron Deficiency Anemia: A Synthesis of Current Scientific
Knowledge and U.S. Recommendations for Prevention and

Treatment
Peter R. Dallman
Iron deficiency anemia is a relatively common nutritional problem in the United States, particularly among

infants, adolescents, and women of childbearing age. Its prevention deserves a high priority because iron
deficiency anemia has serious consequences, yet its prevalence can be substantially reduced at modest cost. There
has been great progress in preventing iron deficiency anemia among infants and children, but the prevalence
among pregnant women of childbearing age remains high. The purpose of this appendix is to provide a brief review
of the characteristics of iron deficiency anemia and to review recent guidelines for its prevention in primary health
care settings.

This appendix provided background information for the Committee on the Prevention, Detection, and
Management of Iron Deficiency Anemia Among U.S. Children and Women of Childbearing Age of the Food and
Nutrition Board, Institute of Medicine. It also incorporated revisions and additions suggested after review of the
paper by the committee, but does not indicate universal concurrence with its content. The committee then
developed summary guidelines for children, nonpregnant women of childbearing age, and pregnant women that
are contained in the main report.

Review of Knowledge

Metabolism and Physiology

Iron in the Body

The total amount of iron in the body of an adult woman averages 2.3 g (Bothwell et al., 1979), about the
weight of a dime. Figure B-1 shows the distribution of this iron, which is similar in women of reproductive age
and in children. An average of about 85 percent of total body iron can be classified as essential because it serves
well-defined physiologic functions. Essential iron

IRON DEFICIENCY ANEMIA: A SYNTHESIS OF CURRENT SCIENTIFIC KNOWLEDGE AND U.S. RECOMMENDATIONS
FOR PREVENTION AND TREATMENT

41
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compounds include hemoglobin, which accounts for about three-quarters of total body iron and functions in the
transport of oxygen from the lungs to tissues. Because hemoglobin circulates in the blood and accounts for a large
proportion of essential body iron, its concentration often best reflects iron status. Other essential iron compounds
include myoglobin, the red iron protein of muscle, and the mitochondrial iron proteins, which are essential for the
oxidative production of cellular energy in the form of adenosine triphosphate. Iron deficiency is not associated
with physiologic impairment until the production of essential iron compounds is diminished (Dallman, 1986).

Figure B-1
Distribution of iron in women of childbearing potential (total body iron, 2.3 g—the weight of a dime).
Source: Values are from Table 1, p. 2, in Bothwell and Charlton (1981).

A second category of iron compounds is referred to as storage iron. Storage iron compounds include ferritin
and hemosiderin, which are present primarily in the liver, spleen, and bone marrow. They serve as a reserve that
ensures an adequate supply of iron for the production of essential iron compounds, and they maintain body iron
homeostasis by regulating the amount of iron absorbed from the diet. Storage iron is less abundant in women and
children than in men: about 14 percent of total body iron, on average (Figure B-l), and about 25 percent
respectively. The serum ferritin concentration provides an estimate of storage iron reserves.

Iron Homeostasis

Body Iron Regulation

Body iron is regulated primarily by modifying the percentage of food iron that is absorbed. Among healthy,
nonpregnant women, body iron remains relatively stable, because the amount of iron absorbed each
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day is roughly equivalent to the amount of iron lost (Figure B-2) and is less than 0.05 percent of total body iron
(Bothwell et al., 1979). Iron homeostasis is normally maintained because iron absorption is inversely proportional
to the mount of storage iron. When storage iron decreases, as it does during pregnancy or rapid growth, iron
absorption increases (Figure B-3). This homeostatic adaptation is greatest with diets containing high levels of
available iron (Cook, 1990). Low iron stores per se indicate that an individual is vulnerable to developing iron
deficiency anemia, but as long as the production of essential iron remains intact, there are no known physiologic
handicaps from having low iron reserves (Dallman, 1986).

Figure B-2
Iron balance in women of childbearing potential.
Source: Based on Bothwell et al. (1979).

Iron Loss and Absorption Differences between Women and Men

Women have greater iron losses and absorb a greater percentage of iron from food than do men. During their
childbearing years, women typically have less storage iron than men primarily because of menstrual blood loss
(Bothwell et al., 1979). They compensate by absorbing, on average, about twice as much iron from the diet as
men, 12 versus 6 percent (Table B-1).

Average menstrual blood loss is about 30 ml/month (Hallberg et al., 1966), but 10 percent of women
regularly lose more than 80 ml/month (Figure B-4) and are likely to become anemic because their iron loss is
usually greater than that which can be compensated for by increased absorption of iron from the
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diet. Unfortunately, such women are typically unaware of their high levels of blood loss. Consequently, the most
practical way to identify them is by screening for anemia as part of a periodic health maintenance checkup
(LSRO, 1991).

Figure B-3
Non-heme iron absorption from three different types of diets as the percent absorption of non-heme iron by
individuals with no body iron stores and with 250-, 500-, and 1,000-mg iron stores. As iron stores decrease, the
percentage of iron absorbed increases, helping to maintain homeostasis. This compensatory mechanism is less
effective with diets of low iron bioavailability (common in developing countries) than with diets with medium and
high levels of iron bioavailability, which are more typical in the United States. A daily diet of low iron bioavailability
is one containing fewer than 30 g of meat, poultry, or fish (lean, raw weight) or less than 25 mg of ascorbic acid. The
comparable figures for a diet of medium iron bioavailability are 30 to 90 g of meat, poultry, or fish or 25 to 75 mg of
ascorbic acid, whereas a diet of high iron bioavailability is one containing more than 90 g of meat, poultry, or fish or
more than 75 mg of ascorbic acid. Alternatively, it is one containing 30 to 90 g of meat, poultry, or fish plus 25 to 75
mg of ascorbic acid. SOURCE: Data from Monsen and coworkers (197g), in Bothwell et al. (1979).

Menstrual blood loss varies with some methods of contraception (Figure B-5), roughly decreasing to half with
oral contraceptives (the pill) and doubling with intrauterine devices (IUDs) (Bothwell and Charlton, 1981), Thus,
inquiring about the method of contraception helps to predict the risk of iron deficiency; the risk is greatest in
women who use an IUD.

Iron Needs During Pregnancy

Pregnancy imposes increased iron needs for the growth of the fetus and for expansion of maternal blood
volume (Hallberg, 1988; IOM, 1990a) (Figure B-6). Even women who are not iron deficient at the beginning of
pregnancy (on the basis of the hemoglobin concentration) are at risk of developing an iron-responsive depression
in hemoglobin concentration in the third trimester unless they receive supplemental iron (Table B-2). Among
women who are already iron deficient when they become pregnant, the severity of the deficiency will usually
increase as pregnancy progresses unless they take an iron supplement.
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TABLE B-1 Iron Balance in Women Compared with That in Men

Iron Parameter Women Men

Total body iron, g 2.3 3.5

Storage iron, g 0.3 1.0

Food iron, mg/day 11 15

Iron absorption, percent 12 6

Iron absorption, mg/day 1.3 0.9

Iron loss, mg/day 1.3 0.9

SOURCE: Based primarily on data in Bothwell et al. (1979).

Figure B-4
Frequency distribution of menstrual blood loss. Although the mean menstrual blood loss is about 30 ml/month, about
10 percent of women lose more than 80 ml/month. SOURCE: Data from Hallberg et al. (1966), adapted from
Bothwell et al. (1979).
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Figure B-5
Menstrual blood loss by method of contraception as mean ± standard deviation menstrual blood loss in three groups
of women. The control group comprised normal women, the pill group comprised normal women taking the
combination variety of oral contraceptives, and the IUD group comprised women using intrauterine devices (IUDs).
Source: Figure from Bothwell and Charlton (1981).

Figure B-6
Schematic representation of the need for absorbed iron during pregnancy. Iron requirements increase markedly
during the second and third trimesters.
Source: From Bothwell et al. (1979).
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Iron Needs of Infants

Among infants, iron needs are primarily for growth. A high hemoglobin concentration at birth and abundant
neonatal iron stores protect most term infants against iron deficiency until 4 months of age (Dallman, 1988).
Indeed, total body iron scarcely changes during this period because of the physiologic decline in hemoglobin
concentration; iron stores also diminish by 4 months of age (Figure B-7). Term infants are at the greatest risk of
developing iron deficiency between 4 and 12 months of age and subsequently, when the iron needs for rapid
growth must be supplied by the diet. At 1 year of age, for example, iron absorption is about four times greater than
excretion, the difference being used for growth (Figure B-8). The risk of developing iron deficiency anemia during
this period depends largely on the diet (Penrod et al., 1990; Pizarro et al., 1991; Tunnessen and Oski, 1987).
Although iron deficiency anemia is rare in infants receiving iron-fortified formula, it is common in those fed
unfortified formula or cow's milk (Figure B-9). Cow's milk not only has an extremely low concentration of iron
but it also results in increased fecal blood loss (Ziegler et al., 1990) (Figure B-10). Furthermore, the higher calcium
content of cow's milk compared with that of breast milk contributes to poor iron absorption (Hallberg et al., 1992).
Exclusively breastfed infants may also develop iron deficiency, but only after about 6 months of age (Calvo et al.,
1992; Duncan et al., 1985; Pizarro et al., 1991; Siimes et al., 1984), if they are not given an iron supplement
(Figure B-9).

Figure B-7
Changes in body iron during infancy. There is little change in total body iron between birth and 4 months of age. In
contrast, total body iron increases markedly during later infancy. The high iron needs from 4 to 12 months of age
help to explain why the risk of iron deficiency is greatest during this period.
Source: Dallman (1988).
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Figure B-8
Iron metabolism in the 1-year-old infant. Iron absorption must exceed iron loss to allow growth; however, daily iron
absorption and loss, even in infancy, are normally a minute percentage of total body iron. MB + ENZ = myoglobin
and enzyme iron.
Source: Reproduced with minor modifications from Dallman (1988), with permission from Hanley & Belfus.

In the United States, there has recently been a marked decline in the prevalence of iron deficiency anemia
among infants and young children (Yip et al., 1987a,b). This improvement is attributable to concurrent changes in
infant feeding practices that would be expected to improve iron nutrition, including less use of cow's milk in the
first year of life, more use of iron-fortified formulas, and less use of low-iron formulas (Fomon, 1987). Iron
absorption studies suggest (Fomon et al., 1989) and clinical trials indicate (Walter et al., 1993) that iron-fortified
infant cereals also play a significant role in preventing iron deficiency anemia.

Low-birth-weight infants may become iron deficient after 2 months of age and possibly earlier unless they are
given an iron supplement (Lundström et al., 1977; Siimes et al., 1984) (Figure B-11). Their iron needs are greater
because of their lower neonatal stores, a more rapid relative growth rate, and often, blood loss resulting from the
increased number of laboratory studies that their early care may require. For low-birth-weight infants fed human
milk, supplemental iron is recommended to start at about 2 weeks of age at a dose of 2 to 3 mg of elemental iron
per kg/day (AAP, CON, 1985). Infants fed iron-fortified formula usually obtain sufficient amounts of iron to make
an additional supplement unnecessary.
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Figure B-9
Iron deficiency anemia among 9-month-old children who have been fed different diets.
Source: From Pizzaro et al. (1991).

Figure B-10
The fecal hemoglobin concentrations of infants fed formula (•) and infants fed cow's milk (o) after 168 days of age.
Early feeding of cow's milk to infants results in increased fecal blood loss. Bars indicate standard errors.
Source: Adapted from Ziegler et al. (1990).
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Figure B-11
Iron deficiency anemia among low-birth-weight infants. Low-birth -weight infants weighing 1,000 to 2,000 g are
likely to develop iron deficiency anemia after 2 months of age if not given iron supplements (o). The supplemented
infants (•) received a total of 2 mg of iron/kg/day as ferrous sulfate starting at 2 weeks of age.
Source: From Lundström et al. (1977).

Childhood and Adolescence

After infancy, iron deficiency becomes less common (Yip et al., 1987a,b) as the rate of growth decreases and
the diet becomes more diversified. During adolescence, however, the prevalence of iron deficiency rises again
(LSRO, 1984) because iron needs increase with the adolescent growth spun (Dallman, 1992) (Figure B-12).
Presumably, iron deficiency is even more common among pregnant adolescents, in whom the iron needs for
pregnancy follow closely after the increased needs for growth. However, no iron deficiency prevalence data for
pregnant adolescents in the general population are available.
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Figure B-12
Iron needs of male and female adolescents. There is an increase in the need for absorbed iron with the adolescent
growth spurt, helping to account for an increased prevalence of iron deficiency at this age. The top of the figure is
based on a representative male whose peak adolescent growth is at 13.5 years, near the average in the United States.
Iron needs peak sharply during the growth spurt but decline rapidly thereafter. Sexual maturation (progression from
Tanner stages 2 to 5) begins about 2 years before peak growth; this signals the period of greatest iron needs. The
bottom of the figure is based on a representative female whose peak growth is at 11.5 years, near the average in the
United States. Although iron needs rise to a maximum during peak growth, they remain high subsequently in
females, since the iron needs to replace menstrual iron loss begin about I year after peak growth.
Source: Dallman (1992).

Absorption of Iron from Food

The form of iron in the diet is even more important than the amount (Bothwell et al., 1989; Charlton and
Bothwell, 1983; Cook et al., 1991; Hallberg, 1982; Hallberg and Rossander, 1952). Heme iron is better absorbed
than non-heme iron, but non-heme iron makes up about 90 percent of the iron in the diet, and its absorption is
strongly influenced by enhancers and inhibitors of iron absorption consumed in the same meal. These influences
are greatest among individuals whose storage iron is depleted
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(Figure B-13) (Cook, 1990). The diets of most people in the United States are relatively rich in the two most
important enhancers, meat and ascorbic acid, and are therefore quite good sources of absorbable or bioavailable
iron (LSRO, 1989) (Figure B-14). Phytates and polyphenols are important inhibitors. Protein, per se, has a highly
variable influence on iron absorption, ranging from the facilitating effect of animal tissue protein (meat) to the
strong inhibitory properties of isolated soy protein.

Figure B-13
Variation in absorption of heme and non-heme iron from a hamburger meal at different levels of iron status. Percent
absorption from each form of iron is shown for an iron-replete man, a premenopausal woman, and a person with iron
deficiency, individuals with assumed serum ferritin concentrations of 100, 30, and 10 µg/liter, respectively.
Source: From Cook (1990).

The beverage consumed with a continental breakfast has a major impact on the amount of iron absorbed from
the entire meal (Figure B-15). Tea and coffee inhibit iron absorption when consumed with a meal, whereas orange
juice and other sources of vitamin C (ascorbic acid) are major enhancers. There is less influence on iron absorption
when these beverages are consumed between meals. Meals that contain inhibitors of iron absorption, such as
polyphenols (tannins in tea and certain vegetables) or phytate (in whole-grain cereals), can nevertheless become
good sources of absorbable iron if they also include ascorbic acid as an enhancer (Siegenberg et al., 1991). Along
similar lines, Galan et al. (1991) found that, contrary to expectations, good calcium sources such as low-fat milk
or yogurt did not significantly depress iron absorption when consumed with a meat-containing meal. Thus,
nutritionally valuable foods that happen to inhibit iron absorption need not be avoided if the diet contains adequate
enhancers of iron absorption.
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Figure B-14
Iron absorption as the percentage of iron absorbed from a diet varies according to the amount of the important
enhancers of iron in the diet. The following estimates are based on the percent absorption of non-heme iron by
individuals with no body iron stores from three different types of diets. A daily diet with low iron bioavailability is
one containing less than 30 g of meat, poultry, or fish (lean, raw weight) or less than 25 mg of ascorbic acid. The
comparable figures for a diet with medium iron bioavailability are 30 to 90 g of meat, poultry, or fish or 25 to 75 mg
of ascorbic acid. A diet with high iron bioavailability is one containing more than 90 g of meat, poultry, or fish or
more than 75 mg of ascorbic acid. Alternatively, it is one containing 30 to 90 g of meat, poultry, or fish plus 25 to 75
mg of ascorbic acid. Most diets in the United States are of medium to high iron bioavailability.
Source: Data from Monsen and coworkers (1978), in Bothwell and Charlton (1981).

Figure B-15
Effect of beverage type on iron absorption. The beverage consumed with a meal (a continental breakfast, for
example) has a large effect on the amount of iron absorbed from the entire meal.
Source: Data from Rossander et al. (1979), in Bothwell and Charlton (1981).
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Cook and colleagues (1991) recently obtained results indicating that the magnitude of differences in non-
heme iron bioavailability might be less than absorption studies of single meals would suggest, particularly among
those who are not iron deficient. When non-heme iron absorption was measured from the whole diet over a 2-week
period, the difference between an iron absorption-enhancing and an iron absorption-inhibitory diet was 2.5-fold. In
contrast, data based on a single meal showed a much larger difference (5.9-fold). Similar questions were raised by
an earlier study of long-term administration of ascorbic acid, which might have been expected to increase iron
stores, but it appeared to have little or no effect on serum ferritin levels (Cook et al., 1984). It was concluded that
in the context of the U.S. diet, the role of enhancers was less important than the role of inhibitors of non-heme iron
absorption (Cook et al., 1991). This topic deserves further investigation, since it is highly relevant to providing
advice on how to improve iron nutrition. More information is needed regarding the effectiveness of dietary
intervention (decreasing the consumption of inhibitors and increasing that of enhancers of iron absorption in the
diet in the treatment or prevention of iron deficiency anemia).

For adults and children 2 years of age and older, the guidelines in Nutrition and Your Health: Dietary
Guidelines for Americans (DHHS/USDA, 1991) at present provide a basis for good general nutrition and iron
nutrition. In addition, for enhancement of iron absorption from an entire meal in individuals at risk of iron
deficiency, it is advisable to include a good source of ascorbic acid or meat, fish, or poultry as part of the meal.
Beverages, like tea and coffee, that inhibit iron absorption are best consumed between meals.

Absorption of Iron from Iron-Fortified Foods

Absorption of iron from iron-fortified foods has been a major factor in the declining prevalence of iron
deficiency anemia among infants and children (Bothwell and MacPhail, 1992; Cook and Bothwell, 1984; Hurrell,
1992). Even the use of fortified cereal products, however, cannot be expected to prevent iron deficiency anemia
among women of childbearing age who have unusually high menstrual blood losses (Swiss and Beaton, 1974).
The impact of the iron fortification of cereal products on the iron nutrition of other women is unknown, but it may
help to account for the relatively low prevalence of iron deficiency anemia, about 3 percent among nonpregnant
white women, in the United States (LSRO, 1984).

Ferrous sulfate is commonly used to fortify infant formula and other products sold in cans and other airtight
containers. Ferrous sulfate is also used to fortify bread and other bakery products that have a short shelf life. Since
ferrous sulfate is highly soluble, it is as well absorbed as the intrinsic iron in these foods. However, compounds
such as ferrous sulfate are not suitable for fortifying many foods that are marketed and stored for long periods in
air-permeable packages, because most highly soluble forms of iron promote fat oxidation and rancidity. For this
reason, elemental iron powders are commonly used to fortify such foods. The elemental iron powder used to
fortify infant cereal contributes significantly to the prevention of iron deficiency anemia (Walter et al., 1993).
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In Europe, the relatively nonreactive and insoluble ferric orthophosphate and ferric pyrophosphate are also
widely used. There is less quantitative information about the effectiveness of these less well absorbed forms of
iron used to fortify foods.

Absorption of Iron from Iron-Containing Supplements

Absorption of iron from iron-containing supplements is influenced by the dose, the iron stores of the
recipient, whether iron is taken with or between meals, and whether it is taken alone or as part of a vitamin-
mineral supplement (IOM, 1990a). The percentage of iron absorbed is high at the lowest doses and decreases
substantially as the dose is increased. This is an important factor for clinicians to bear in mind, particularly in the
treatment of iron deficiency anemia, because compliance is likely to be impaired by the substantial prevalence of
gastrointestinal side effects when doses are increased to greater than 120 mg/day. In general, iron absorption from
supplements is greatest in iron deficient individuals, because as mentioned above in respect to food iron,
absorption is inversely proportional to iron stores.

Iron supplements are absorbed about twice as well when given between meals rather than with meals. It is
also better to give an iron supplement with water or juice than with a beverage that is known to inhibit iron
absorption, such as tea, coffee, or milk.

Slow-release iron supplements of various kinds have been developed to decrease the prevalence of side
effects when large doses are used. These preparations are typically more expensive than commonly used, rapidly
soluble forms of iron, such as ferrous sulfate, ferrous gluconate, and ferrous fumarate (Kastrup, 1992). When given
with a meal, slow-release preparations may be better absorbed than ferrous sulfate, but they are less well absorbed
under fasting conditions (Ekenved et al., 1976).

Women in their childbearing years commonly take iron as part of a vitamin-mineral tablet. Calcium and
magnesium are the constituents of such tablets that are most likely to inhibit iron absorption (Babior et al., 1985;
Seligman et al., 1983).

Definitions of Anemia, Iron Deficiency Anemia, and Iron Deficiency

Anemia

Anemia is defined as a hemoglobin concentration (or hematocrit) that is below the 95 percent range for
healthy, well-nourished individuals of the same age, sex, and stage of pregnancy. Hemoglobin values are normally
lower in children than in nonpregnant adults (Table B-3). During puberty, hemoglobin concentrations in males rise
above those in females. During pregnancy, hemoglobin values gradually fall to a low point in the second trimester
(Table B-4,
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TABLE B-3 Hemoglobin and Hematocrit Cutoffs for Children, Nonpregnant Women, and Mena

Sex and Age (yr) Hemoglobin, g/dl Hematocrit, %

Both sexes

0.5-4.9 11.0 33

5.0-11.9 11.5 35

Female

>12 12.0 36

Male

12.0-14.9 12.5 37

15.0-19.9 13.0 38

>20 13.5 41

a Hemoglobin values are rounded off to the nearest 0.5 g/dl, and hematocrit is rounded off to the nearest percent.
SOURCE: Data are based on fifth percentile values from the second National Health and Nutrition Examination Survey (NHANES II) after
exclusion of individuals with a likelihood of being iron deficient (CDC, 1989) and the Pediatric Nutrition Handbook (AAP, CON, 1993).

Figure B-16
Hemoglobin values during pregnancy. The hemoglobin concentration normally declines during the fast half of
pregnancy and rises during the second half. Values from 12 to 40 weeks of gestation are based on data from Svanberg
et al. (1976), Sjöstedt et al. (1977), Puolakka et al. (1980), and Taylor et al. (1982). The baseline values (zero weeks)
are based on LSRO (1984), and the 4- and g-week values are extrapolated from all these data and from Clapp et al.
(1988).
Source: CDC (1989).
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Figure B-16), largely because of a normal expansion in blood volume. From the end of the second trimester to
term, the concentration of hemoglobin rises again.

Anemia is present only in those with hemoglobin concentrations that fall below the normal reference ranges
for age, sex, and stage of pregnancy. Although iron deficiency is the most common cause of anemia, other causes
include infection, hemoglobinopathies, and many other conditions. Although iron deficiency can result in anemia,
high or excessive levels of iron intake do not increase the hemoglobin concentration beyond the normal range.

Iron Deficiency Anemia

Iron deficiency anemia

refers to an anemia that is associated with additional laboratory evidence of iron depletion, such as a low
serum ferritin concentration, transferrin saturation, or mean corpuscular volume (MCV) or an elevation in
erythrocyte protoporphyrin or transferrin receptor levels. Table B-5 lists the cutoff values for these tests in children
and adults.

TABLE B-5 Cutoff Values for Tests of Iron Status

Age, year Serum Ferritin, µg/lite Transferrin Saturation, % Erythrocyte Protoporphyrin, µg/dl of red
blood cells

MCV, fl

1-2 <10 <12 >80 <73

3-4 <10 <14 >75 <75

5-10 <10 <15 >70 <76

11-14 <10 <16 >70 <78

15-74 <12 <16 >70 <80

SOURCE: From LSRO (1984).

Serum ferritin concentration determination is the only laboratory test that allows the evaluation of iron
reserves. A serum ferritin concentration of less than 10 µg/liter in children and less than 12 µg/liter in adults by
itself indicates depleted iron stores (Table B-5). If an individual has already been found to be anemic, the
likelihood of iron deficiency is greater than that in the general population. Under such circumstances, it may be
appropriate to relax the cutoff value for the serum ferritin concentration. In combination with anemia, a value of
less than 15 µg/liter indicates iron deficiency anemia.

Erythrocyte protoporphyrin accumulates in red blood cells when insufficient iron is available to form heme,
the iron-containing portion of hemoglobin. It is most commonly measured on whole blood by a direct-readout
instrument known as a hematofluorometer. Cutoff values are given in Table B-3. Erythrocyte protoporphyrin
levels are elevated in individuals with iron defi
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ciency or lead poisoning, as well as in those with infections or inflammatory conditions of more than 1 week in
duration. In an otherwise healthy individual, anemia accompanied by an elevated protoporphyrin level is most
commonly indicative of iron deficiency anemia.

Other laboratory tests used in the diagnosis of iron deficiency anemia include MCV, serum iron concentration
and iron-binding capacity, and transfer-tin receptor concentration. MCV is one of the red blood cell indices that is
provided by many laboratories when a hemoglobin concentration is ordered. A low MCV is most commonly
associated with iron deficiency or thalassemia trait.

The ratio of serum iron to iron-binding capacity, expressed as a percentage (transferrin saturation), is
decreased in individuals with iron deficiency. It is used less frequently than in the past because its colorimetric
analysis requires freshly separated plasma and its reproducibility is relatively poor because of large biologic
variations.

The determination of transferrin receptor concentration is a promising new test that should shortly become
available for widespread use. The transferrin receptor concentration is elevated in individuals with iron deficiency
but not in those with inflammatory disease, a useful feature, particularly when both conditions coexist (Ferguson
et al., 1992). For nutritional survey purposes, the combination of transferrin receptor, serum ferritin, and
hemoglobin concentrations is likely to provide an excellent depiction of iron status (Cook et al., 1993).

Iron Deficiency

The term iron deficiency can be applied to a lack of iron that is severe enough to impair the production of red
blood cells but not necessarily to the extent that the hemoglobin concentration falls below the normal reference
range. Iron deficiency can progress to iron deficiency anemia.

Iron Deficiency Without Anemia

Iron deficiency without anemia represents a relatively mild iron deficiency that is diagnosed on the basis of a
combination of biochemical indicators of iron status but in which the hemoglobin concentration remains within the
reference range. Unfortunately, no single indicator of iron status is diagnostic of iron deficiency. Cook et al.
(1976) found that the prevalence of anemia among individuals with only one abnormal index of iron metabolism
(low serum ferritin concentration, low serum iron concentration, low iron-binding capacity, or elevated erythrocyte
protoporphyrin levels) was 11 percent, only slightly higher than the 8 percent in the entire population. In contrast,
anemia was found in 28 percent of individuals with two abnormal values and 63 percent of those with
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three abnormal values. This finding and the analysis of data from the second National Health and Nutrition
Examination Survey (NHANES II) suggested that for survey purposes, two or three abnormal biochemical
indicators of iron status were more indicative of an iron deficiency of biologically significant severity than was a
single indicator (LSRO, 1984). The term impaired iron status was applied to an abnormality in two or three of
three biochemical tests.

Combinations of tests that have been used in large surveys include erythrocyte protoporphyrin and transferrin
saturation determinations with either serum ferritin concentration or MCV determination (LSRO, 1984). The cost
of doing multiple tests and the complexity of interpreting results for individuals make it difficult to detect this
stage of iron deficiency except in nutrition surveys.

Rationale for Detecting Iron Deficiency by Screening for Anemia

Hemoglobin and hematocrit are most commonly used to screen for iron deficiency because they are easily
analyzed and reflect the largest iron compartment in the body. Furthermore, physiologic impairment is associated
almost entirely with iron deficiency anemia. However, many individuals with milder degrees of iron deficiency are
missed by screening for anemia because of the overlap in values between normal and iron deficient individuals.
Hemoglobin and hematocrit values also vary with age, sex, and stage of pregnancy. This makes it important that
clinicians use the appropriate cutoff values.

Use of a Second Laboratory Test

One approach to alleviating the problem of an overlap in hemoglobin and hematocrit values between normal
and iron deficient individuals is to use a second test to help ensure that individuals are accurately categorized and
treated. If such tests are to be used in large populations, they must be relatively inexpensive and should preferably
provide a result rapidly enough to allow initiation of treatment on the same visit. Tests that are widely used for this
purpose are determination of erythrocyte protoporphyrin and serum ferritin concentrations. Transferrin receptor is
the newest measure of iron status. Both transferrin receptor and erythrocyte protoporphyrin concentrations become
elevated when there is a rate-limiting supply of iron to combine with erythrocyte protoporphyrin to form heme and
eventually hemoglobin. They are therefore early indicators of physiologically significant iron deficiency. Studies
to date indicate that the determination of transferrin receptor concentration will be particularly useful in the
diagnosis of iron deficiency during pregnancy, because, like erythrocyte protoporphyrin, levels in iron
supplemented individuals remain stable throughout gestation (Carriaga et al., 1991; Cook et al., 1993), in contrast
to the other measures of iron status.
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Erythrocyte protoporphyrin levels are elevated in individuals with iron deficiency and lead poisoning, and are
therefore used to screen infants and young children for both, particularly those who live in low-income urban
areas, where the two conditions are most common. Test results can be obtained rapidly and at low cost. This
laboratory measure has not been widely used to test pregnant subjects, but it deserves further study because it
seems very promising (Schifman et al., 1987). Erythrocyte protoporphyrin levels remain stable throughout
pregnancy in iron supplemented women, but the levels rise in at least some unsupplemented women (Romslo et
al., 1983).

Serum ferritin concentration is commonly determined in women, especially during pregnancy (IOM, 1990a).
The serum ferritin concentration declines as iron stores decline. It is therefore valuable in predicting when iron
deficiency is likely to develop during pregnancy in nonanemic women. Indeed, some advocate that pregnant
women routinely be screened by determining their hemoglobin and serum ferritin concentrations (Hibbard, 1988).
This option allows deferral of iron administration when both laboratory tests are normal. The results of Taylor et
al. (1982) suggested that the serum ferritin concentration determination is less useful for this purpose in the last
half of pregnancy because values decline to about 15 µg/liter even in iron supplemented women. Less marked
declines were also noted by Romslo et al. (1983). However, Puolakka et al. (1980) and Wallenburg and van Eijk
(1984) found that mean serum ferritin concentrations did not fall below 45 and 47 µg/liter, respectively, in iron
supplemented women, compared with lows of 21 and 19 µg/liter, respectively, in the unsupplemented groups.
There thus remains some degree of uncertainty about the usefulness of serum ferritin concentration determination
in distinguishing iron supplemented from unsupplemented and potentially iron deficient individuals in the last half
of pregnancy.

In nonpregnant women and children, a serum ferritin concentration of less than 12-15 µg/liter indicates that
iron stores are very low, and a value in this range in combination with anemia provides strong evidence that the
anemia is due to iron deficiency. Analysis of the serum ferritin concentration may be particularly useful for
confirming that an anemia is due to iron deficiency, especially if it persists after iron treatment. This is especially
applicable to blacks, among whom a slight depression in hemoglobin concentration may be normal (see below).
Serum ferritin concentration analysis is also helpful for determining whether supplemental iron is necessary when
it is poorly tolerated, despite adjustments in the iron supplementation regimen. If there is no anemia and if the
serum ferritin concentration is not depressed, it is safe to delay iron supplementation until repeat analyses of serum
ferritin indicate that iron stores have become very low. At present, the major disadvantage of the serum ferritin
analysis is the delay in obtaining the results.

When routine screening is recommended for detecting iron deficiency among infants and women during their
childbearing years, it is not cost-effective to use more than two or at the most three laboratory tests to distinguish
iron deficient from nondeficient individuals. The high cost of laboratory stud
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ies, the relatively poor sensitivity and specificity of hemoglobin and other iron status measures (Dallman and
Reeves, 1984), and the rapid change from iron adequacy to iron deficiency over a few months argue against using a
larger battery of tests.

Consequences of Iron Deficiency

Consequences of Iron Deficiency During Infancy and Childhood

Iron deficiency anemia can impair energy metabolism, temperature regulation, immune function, and work
performance (Dallman, 1986). However, the consequence of greatest concern in infants is the impairment of
mental and psychomotor development that is associated with even mild iron deficiency anemia. The studies of
Walter et al. (1989) (Figure B-17), Lozoff et al. (1991), and Idjradinata and Pollitt (1993) indicate that significant
deficits occur at 12 months of age with a hemoglobin concentration of less than 10.0 g/dl and may be present when
the hemoglobin concentration is between 10.0 and 10.9 g/dl (<11.0 g/dl is the lower limit of the normal 95 percent
reference range at this age). Iron treatment reversed the anemia, but in two of the studies (Lozoff et al., 1991;
Walter et al., 1989), it was found that impaired cognitive function may remain evident 4 to 5 years later when the
formerly anemic infants enter school. A different conclusion regarding the reversibility of mental and
psychomotor delay in infants with iron deficiency anemia emerged from the recent study of Idjradinata and Pollitt
(1993), in which a double-blind, iron versus placebo treatment trial provided strong evidence of complete recovery
in response to iron treatment (Table B-6). The issue of reversibility remains the subject of intensive study. Earlier
studies of Pollitt et al. (1989) also show that schoolchildren with iron deficiency anemia have poorer cognitive
function, which is only partly improved by iron treatment. These results indicate that anticipation and prevention
of iron deficiency anemia should have higher priorities than its detection. An emphasis on the detection of anemia
alone may not ensure prevention of the harmful consequences of iron deficiency anemia.

Consequences of Iron Deficiency During Pregnancy

For many years, clinical studies of iron deficiency during pregnancy suggested that the fetus remained an
effective parasite with respect to iron status, even though anemia developed in the mother (for reviews, see
Hallberg, 1992, and IOM, 1990b). This conclusion was based on data showing that newborns of mothers with mild
iron deficiency anemia at term were not anemic and had normal or only slightly diminished iron stores, as
estimated on the basis of the serum ferritin concentration. During the past decade, this concept that the fetus is
protected from maternal iron deficiency has been challenged by the observa
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tion that anemia, and more specifically, iron deficiency anemia, in early pregnancy is associated with prematurity
and low-birth-weight in the newborn rather than with anemia, as one might have anticipated. In addition to concern
about fetal development in relation to iron deficiency anemia, there are also probably disadvantages to the mother.
Adults with iron deficiency anemia have increased lactic acid levels and tachycardia with exercise (see the review
by Dallman, 1986). There is also a report indicating that adults with iron deficiency anemia have impaired
attention spans and short-term memories (Groner et al., 1986).

Figure B-17
Developmental delay in infants with iron deficiency anemia Developmental indices (mean ± standard error of the
mean) were lower in 12-month-old infants with iron deficiency anemia (hemoglobin concentration, <10.5 g/dl) than
in nonanemic infants.
Source: From Walter et al. (1989).

Anemia and the Outcome of Pregnancy

Large retrospective studies by Garn et al. (1981) and Murphy et al. (1986) showed that anemia early in
pregnancy was associated with prematurity, low-birth-weight, and increased infant mortality. These findings were
recently confirmed and expanded in a large survey by the Centers for Disease Control and Prevention (CDC) (Kim
et al., 1992). Women who had hemoglobin concentrations of less than 10.0 g/dl in the first trimester had a
significantly higher incidence of low-birth-weight babies (11 percent) compared with women with hemoglobin
concentrations of 10.0 g/dl or greater (7 percent).
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TABLE B-6 Developmental Delay in Infants with Iron Deficiency Anemia

Group and Time in Relation to Treatment Hemoglobin, g/liter Mental Score Motor Score

Iron Placebo Iron Placebo Iron Placebo

Iron deficiency anemia

Before 96 98 89 92 86 92

After 129a 107 108a 93 112a 98

Iron deficiency, no anemia

Before 126 126 102 102 103 104

After 135a 123 108 109 108 107

Iron sufficient

Before 126 126 105 105 105 106

After 131 131 109 107 109 106

NOTE: Three groups of 12- to 18-month-old infants were enrolled in a double-blind, randomized iron versus placebo treatment trial for 4
months. Group 1 (n = 50) consisted of infants with iron deficiency anemia (hemoglobin concentration, <10.5 g/dl; transferrin saturation,
`10 percent; serum ferritin concentration, <10 µg/liter). Group 2 (n = 29) consisted of infants with nonanemic iron deficiency (hemoglobin
concentration, `12.0 g/dl; transferrin saturation, `10 percent; serum ferritin concentration, `12.0 µg/liter). Group 3 (n = 47) consisted of
infants with iron sufficiency (hemoglobin concentration, ̀ 12.0 g/dl; transferrin saturation, >10 percent; serum ferritin concentration, ̀ 12.0
µg/liter). Abnormalities were reversed after 4 months of treatment.
a p<0.01.
SOURCE: Idjradinata and Pollitt (1993).

Iron Deficiency Anemia and the Outcome of Pregnancy

A recent study by Scholl and coworkers (1992) indicates that a poor birth outcome (low-birth-weight and
prematurity) is linked more specifically to maternal iron deficiency anemia (anemia and a low serum ferritin
concentration) early in pregnancy than to anemia per se (Table B-7). The statistical analysis adjusted for known
confounders, including maternal age, parity, ethnicity, and stage of gestation at first blood draw. Thus, it seems
likely that maternal iron deficiency anemia contributes to prematurity and low-birth-weight, which are the most
common causes of infant morbidity and mortality. Iron deficiency anemia was also associated with poor maternal
weight gain during gestation. These findings are in accord with those of another study suggesting a link between
low serum ferritin concentration and preterm labor (Ulmer and Goepel, 1988).

What is still lacking is direct cause-and-effect evidence that prevention of iron deficiency anemia by iron
supplementation decreases the risk of low-birth-weight and prematurity. Such a study, involving randomization of a
large group to iron and placebo treatments, although highly desirable, may be difficult to mount in the United
States, where iron supplementation is so widely recommended and practiced. There would also be ethical
constraints in withholding iron treatment from individuals with anemia and low serum ferritin concentrations. Two
expert committees of the Institute of Medicine (IOM, 1990a, 1992)
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and one formed by the Life Sciences Research Office (LSRO, 1991) recently agreed on recommending routine
low-dose iron (30 mg/day) for pregnant women on the basis of a careful evaluation of currently available
evidence. As in the case of infants, the weight of evidence leads to the conclusion that anticipation and prevention
of iron deficiency anemia deserve a high priority.

TABLE B-7 Associations of Anemia and Iron Deficiency Anemia with Inadequate Weight Gain and Pregnancy Outcome

Anemia

Outcome Total Iron Deficiency Causes Other Than Iron
Deficiency

No Anemia

Low-birth-weight Unadjusted, % 17.1 25.9 15.9 12.2

AORa 1.55 3.10 1.34 1.00

95% Confidence interval 0.96-2.51 1.16-4.39 0.80-2.22 —

Preterm delivery Unadjusted, % 26.2 44.4 23.5 18.4

AORa 1.30 2.66 1.16 1.00

95% Confidence interval 0.86-2.24 1.15-6.17 0.76-1.79 —

Small for gestational age
Unadjusted, %

11.1 8.3 11.5 7.5

AORb 1.66 1.24 1.67 1.00

95% Confidence interval 0.90-3.04 0.29-6.94 0.90-3.41 —

Inadequate weight gain Unadjusted,
%

31.0 40.0 29.9 24.6

AORc 1.62 2.67 1.51 1.00

95% Confidence interval 1.10-2.36 1.13-6.30 1.02-2.25 —

a AOR, adjusted odds ratio. Adjusted for maternal age, parity, ethnicity, prior low-birth-weight or preterm delivery, bleeding at entry,
gestation at initial blood draw (entry), number of cigarettes smoked per day, and prepregnancy body mass index
b Adjusted for maternal age, parity, prior low-birth-weight delivery, bleeding at entry, gestation at initial blood draw (entry), number of
cigarettes smoked per day, and prepregnancy body mass index.
c Adjusted for maternal age, parity, ethnicity, bleeding at entry, gestation at initial blood draw (entry), and prepregnancy body mass index.
SOURCE: From Scholl et al. (1992).
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Emerging Issues And Future Directions

Issues Involving the Possibility of Iron Excess

Iron is a micro nutrient with a relatively narrow range of optimal levels of intake. Furthermore, individuals'
iron requirements vary substantially by age and sex. These characteristics are relevant to the fortification of
general-purpose foods with iron. Fortification of infant formula and cereal with iron has been a resounding success
in reducing the prevalence of anemia in infants (Yip et al., 1987a,b), probably because these iron-fortified foods
have been so well accepted by health professionals and parents.

Fortification of general-purpose cereal products for older children and adults has been more controversial
(Crosby, 1986). Although children and women of childbearing age are the target population, men who are at little
risk of iron deficiency actually consume the greatest quantities of the fortified products. The concern about iron
excess pertains primarily to men and postmenopausal women and involves the following issues: disease caused by
oxidative damage, increased risk of infection, and interaction of iron with other minerals. (See also Appendix C.)

Disease Caused by Oxidative Damage

Iron is a catalyst in free-radical reactions, such as lipid peroxidation, which can cause tissue damage. Iron-
binding proteins in plasma and tissues offer protection against such damage by binding ionic iron, but there are
reasons to suspect that this protection is incomplete (Cross et al., 1987; Weinberg, 1984). Specific conditions in
which there may be an association of clinical disease with high iron stores include ischemic heart disease (Salonen
et al., 1992). A high-iron diet is a disadvantage for individuals with hemochromatosis, who absorb excess iron,
which increases the body's iron burden and is then believed to cause free-radical damage to tissues. There is also
evidence that increased iron stores can be associated with an increased rate of growth of various forms of cancer
(Weinberg, 1992).

Increased Risk of Infection

The iron-binding proteins transferrin and lactoferrin are believed to provide protection from infection by
competitively binding the iron that invading bacteria require for their growth (Weinberg, 1984). This phenomenon
has been called nutritional immunity and is the basis for concern that unneeded iron could predispose an
individual to infection. There is a large body of experimental evidence that supports this concept. However, there
is no convincing evi
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dence that currently recommended iron fortification or treatment practices increase the risk of infection (Dallman,
1987).

Interaction of Iron with Other Minerals

Large doses of supplemental iron given to women (mean, 261 mg/day) resulted in a modest decline in plasma
zinc levels (Hambidge et al., 1987). Another study of the relationship between iron and zinc or iron and copper
indicated no such interaction (Sheldon et al., 1985). It remains uncertain whether the lower doses of iron that are
currently recommended would increase the risk of zinc or copper deficiency. This question is relevant to the
Institute of Medicine (1992) recommendation that if a therapeutic dose of iron (60-120 mg/day) is given, a
multivitamin-mineral tablet containing 15 mg of zinc and 2 mg of copper given at a different time of the day
should also be recommended. This would require two or three tablets per day and would result in poorer
compliance than that with a simpler regimen of one tablet per day.

Race and Differences in Hemoglobin Concentration

The mean concentration of hemoglobin among groups of healthy blacks is consistently lower than that among a
comparable, healthy white population of the same age and sex. This difference remains even when the populations
have been screened to exclude those with iron deficiency and hemoglobinopathy and when the data are adjusted
for socioeconomic differences. Indeed, the difference in hemoglobin concentration is similar in men and women,
even though iron deficiency is a rarity among male adults. In NHANES II, this difference was 0.4 g/dl in children 3
to 4 years of age and 0.8 g/dl among both men and women between the ages of 20 and 44 years (LSRO, 1984).
The whole hemoglobin distribution curve for blacks is shifted to the left of that for whites (Yip, 1989)
(Figure B-18). The difference in hemoglobin concentration might be related to a very high prevalence of an 
thalassemia gene among blacks (Beutler, 1988), but this has not been verified. Individuals with a single 
thalassemia gene, unlike those with sickle trait and  thalassemia, are not detectable by hemoglobin
electrophoresis, but only by laborious and costly techniques that are not clinically available. There does not appear
to be any difference in hemoglobin values between whites and other racial groups, including Hispanics (Looker et
al., 1989), East Asians (Dallman et al., 1978), Japanese (Uchida et al., 1988), and American Indians (Yip et al.,
1984).

In general, the same hemoglobin criteria have been used for all races when screening women and children for
anemia. This raises the problem that the percentage of black women and children who are erroneously suspected
of having iron deficiency anemia is high enough to pose practical difficulties
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(Kim et al., 1992; Perry et al., 1992) (Figure B-19). Because blacks are more likely to be classified as anemic, they
are more often subjected to unnecessary and expensive workups for anemia, needless concern about the possibility
of disease, and the suspicion of poor compliance when there is no rise in hemoglobin concentration with iron
therapy. The prevalence of anemia is substantially higher among pregnant black women than among those of other
races. The difference between black and white or Hispanic women increases from about 8 percent in the first
trimester to 15 to 20 percent in the third trimester (Figure B-19). It is uncertain to what extent the higher
prevalence of ''anemia'' among black women, particularly late in pregnancy, is due to iron deficiency anemia.
However, there is good evidence from NHANES II (LSRO, 1984) that black women have lower hemoglobin
levels than white women even when their iron statuses are similar (Table B-8).

Figure B-18
Hemoglobin distributions among white and black women ages 18-44 years. The concentration of hemoglobin is
lower among black women than among white women. The figure is based on data from NHANES I.
Source: From Yip (1989).

The problem of the specific criteria that should be used to diagnose anemia in blacks poses important health
policy issues. Use of the same hemoglobin concentration criterion for women and children of all races is the
simplest approach and recognizes the fact that not all blacks have low hemoglobin concentrations. However, many
normal black individuals are incorrectly suspected of having iron deficiency anemia. This requires an awareness
that the failure of a mild "anemia" in a black woman or child to respond to iron treatment is likely to indicate a
normally low hemoglobin concentration and not necessarily a failure to take iron or an unusual anemia that
requires further workup. The use of separate hemoglobin criteria for blacks could be seen as racially stigmatizing,
but the advantage of fewer false-positive diagnoses is a strong argument for
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making an appropriate downward adjustment in hemoglobin and hematocrit cutoff values (Johnson-Spear and
Yip, in press).

Absorption of Iron from Multivitamin-Mineral Supplements and Certain Foods

Less iron is absorbed from certain multivitamin-mineral supplements than from an equivalent amount of iron
given alone. Calcium carbonate and magnesium oxide appear to be particularly inhibitory to iron absorption
(Babior et al., 1985; Seligman et al., 1983). Seligman et al. (1983) found that iron absorption almost doubled when
calcium as calcium carbonate was decreased from 350 to 250 mg and magnesium as magnesium oxide was
decreased from 100 to 25 mg. The use of calcium supplements may also inhibit absorption of iron from foods
under certain conditions (Hallberg et al., 1991). However, Galan et al. (1991) found no inhibition of iron
absorption when calcium as milk or yogurt was added to a standard, meat-containing meal. These findings
demonstrate the importance of additional research to determine the optimal ratios of nutrients in prenatal
supplements and the relative merits of foods versus supplements as sources of certain nutrients. For the time
being, if iron is given in the form of a prenatal supplement, it seems advisable to select products that contain about
60 mg of iron rather than use the dose of 30 mg that is recommended if iron is given alone. This would allow for
an anticipated lower percentage of iron absorbed. It would also be best to select a formulation that contains no
more than 250 mg of calcium.

Another area that needs further investigation is the availability of iron from certain foods, particularly
breakfast cereals that contain iron and other micronutrients at the adult Recommended Dietary Allowance (RDA)
equivalents. Specially formulated fortified foods targeted to women of childbearing age could be developed and
might be of potential importance as vehicles for iron, folate, and possibly, calcium. With appropriate studies to
verify the bioavailability of iron, such foods might be an attractive alternative to women for whom compliance in
taking tablets is a problem.

Association of Neural Tube Defects with Folate Deficiency in Early Pregnancy: Implications for the
Prevention of Iron Deficiency

The CDC recently recommended that all women of childbearing potential should consume 0.4 mg of folic
acid per day for the purpose of reducing their risk of having a pregnancy affected with spina bifida or other neural
tube defects (CDC, 1992). Currently in the United States, almost 2,500 infants are born with these defects each
year. The recommendation was based largely on a recent investigation showing a reduced prevalence of first
occurrence of neural tube defects in infants of women taking folate-containing supplements from
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Figure B-19
Antepartum anemia, by racial or ethnic group and trimester, determined as pan of the Pregnancy Nutrition
Surveillance System, United States, 1979-1990. The prevalence of anemia increases with the progression of
pregnancy. There has been no decrease in the prevalence of anemia during the period monitored, a decade during
which there was a marked diminution of anemia among infants and preschool children. The consistently higher
prevalence of anemia among blacks than among Hispanics or whites (about 8 percent in the first trimester, 10
percent in the second trimester, and 15 to 20 percent in the third trimester) is partly due to the lower hemoglobin
concentrations in blacks, even those with normal iron status.
Source: From Kim et al. (1992).
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at least 1 month before conception to the date of the second missed menstrual period or later (Czeizel and
Dudas, 1992). Several earlier studies indicated that the prevalence of recurrent neural tube defects could be
decreased by folate supplementation.

TABLE B-8 Prevalence of Anemia and Iron Deficiency Among White and Black Women from 20 to 44 Years of Age

Percent

Condition White Black

Anemia 9.0 25

Iron deficiency 5.0 ± 0.6a 5.7±0.9

NOTE: Anemia was defined as a hemoglobin concentration of <12.0 g/dl. Individuals were designated as having iron deficiency when
results of two or three tests (MCV, transferrin saturation, and erythrocyte protoporphyrin) were abnormal. Although anemia was much
more common among blacks than among whites, the prevalence of iron deficiency was similar.
a Values are means ± standard errors of the means.
SOURCE: LSRO (1984).

The relevance of the CDC recommendation to iron supplementation is that many more women of
childbearing age will be taking folate in the form of a multivitamin-mineral preparation that also contains iron
before they are pregnant and during early pregnancy. The recent studies associating iron deficiency anemia or
anemia in early pregnancy with low-birth-weight will also foster increased and earlier use of iron supplements.

Between 1976 and 1980, 38 percent of women between the ages of 18 and 50 reported taking a vitamin
supplement, a mineral supplement, or both (Laplan et al., 1986). In the more recent 1987 Health Interview Survey,
27 percent of women reported daily supplement use, and for 20 percent this was a multivitamin-mineral
supplement (Subar and Block, 1990). The prospects of increasing the use of vitamin-mineral supplements as a
vehicle for iron supplementation make it imperative that there be more investigation of the availability of iron from
such preparations, as suggested above. Since folate-fortified foods are being considered as a means of supplying
extra folate to women of childbearing age, there is also the need to investigate the prospects for developing special
fortified foods targeted to young women. Such food could respond to concerns not only about folate deficiency
but also about iron deficiency, osteoporosis, and other problems primarily involving this group.

Iron Supplements Often Are Not Taken Regularly

Recommendations to use iron supplements have little prospect for success unless they are likely to result in
reasonably good compliance. Unfortunately, compliance can be surprisingly inconsistent even for relatively simple
drug regimens used for life-threatening conditions like epilepsy, diabetes, hyperten
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sion, and organ transplantation (Haynes et al., 1979). The problem is likely to be even greater when the individual
has no obvious illness. Bonnar et al. (1969) monitored compliance by measuring iron levels in the stools of
pregnant women who were advised to take ferrous fumarate at a dose of 65 mg of iron twice a day. About one-
third failed to take iron, and this proportion was even greater among those who were initially anemic. The poor
compliance could not be attributed to gastrointestinal side effects, since these were extremely rare.

The side effects of iron therapy would contribute to poor compliance, but their prevalence has been most
thoroughly investigated in double-blind studies with doses higher than those recommended in this report. At a
dose of 65 mg of iron as ferrous sulfate taken three times a day, about 25 percent of subjects had side effects,
whereas 13 percent of those receiving a placebo experienced side effects (Hallberg et al., 1967; Sölvell, 1970).
With a doubling of the dose, the prevalence of side effects increased to 40 percent. There is little information
about side effects at lower doses, but evidence of dose dependency and the study of Bonnar et al. (1969) cited
above make it unlikely that doses of 30 mg of iron once a day or 60 mg twice a day would be a major deterrent to
compliance. Nevertheless, it would be helpful to have more information on side effects at these lower doses.

Improving Compliance

What can be done to improve compliance? Compliance can be improved by using strong motivational
techniques and frequent follow-up. Under ordinary circumstances, however, especially in busy and understaffed
clinics, it seems likely that poor compliance is frequently responsible for a failure to treat or prevent iron
deficiency anemia. The most effective single approach is to simplify the treatment regimen. Compliance was found
to be substantially better with once-a-day iron therapy than with three-times-a-day medication (Porter, 1969)
(Figure B-20). A similar result was obtained with long-term treatment for epilepsy (Cramer et al., 1989).
Compliance averaged 87 percent with once-daily treatment, 81 percent with twice-daily treatment, 77 percent with
three-times-daily treatment, and 39 percent with four-times-daily treatment. It would clearly be desirable to fill all
supplement needs whenever possible with a single tablet taken once a day.

There are additional measures that are likely to be helpful in improving compliance (Haynes, 1979)
(Table B-9). It is important that the health care provider explain why the medication will benefit the patient or her
child. Medication is most likely to be taken if the health care provider provides written or printed instructions.
Taking of medication should be linked to an already established daily routine like tooth brushing. On revisits to an
office or clinic, it is important for the health care provider to reinforce the use of the supplement by asking about it
and stressing its importance. Even so, compliance is likely to drop off between visits. A group of epileptic patients
averaged 88 percent
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compliance before and 86 percent after a clinic visit, but this dropped to 67 percent compliance a month later
(Cramer et al., 1990).

Iron Deficiency Increases the Risk of Lead Toxicity

Iron deficiency is associated with increased levels of lead in the blood of preschool children (Clark et al.,
1988). The basis for this association is probably the shared absorptive mechanism for the two metals. Lead
absorption is increased in individuals with iron deficiency. Since lead toxicity impairs cognitive function (as does
iron deficiency), this risk is another justification for preventing iron deficiency.

As mentioned above, iron-fortified foods have been remarkably effective in reducing the prevalence of iron
deficiency anemia among infants and preschool children, thereby decreasing the vulnerability to lead poisoning.
Environmental exposure to lead has decreased since leaded gasoline has been removed from the market (Annest et
al., 1983); removal of additional lead from the environment will be much more costly. At present, prevention of
iron deficiency anemia is probably the most cost-effective way of further decreasing the risk of lead poisoning.

Figure B-20
Distribution of compliance ratios for antenatal patients on thrice- daily and once -daily iron preparations (compliance
ratio is the number of tablets actually taken by the patient divided by the number of tablets that should have been
taken).
Source: Based on Porter (1969).
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TABLE B-9 Methods for Improving Compliance

1.  Explain how the medication will benefit the patient or her child.

2.  Provide written instructions.

3.  Link taking of medication to an established daily routine, like tooth brushing.

4.  Schedule follow-up visits and telephone "no-shows."

5.  Reinforce use of supplement by asking about it and stressing its importance.

Iron Deficiency Anemia In Infants And Children: Prevalence And Recent Recommendations

Magnitude of the Problem

Iron deficiency is common among infants and children from about 6 months to 3 years of age, but its
prevalence has been declining over the past two decades. The most recent information on the prevalence of iron
deficiency in the U.S. population as a whole, which was collected between 1976 and 1980, is from NHANES II.
NHANES III is now in progress and should soon provide more up-to-date information. In NHANES II, the
prevalence of iron deficiency was about 9 percent in infants aged 1 to 2 years, which was determined by using the
same laboratory criteria (on the basis of MCV, transferrin saturation, and erythrocyte protoporphyrin) that yielded a
prevalence of 5 percent among women during their childbearing years. Since then, the prevalence of iron
deficiency anemia in infants and preschool children has been declining drastically on the basis of the prevalence of
anemia in clinics that participate in the U.S. Department of Agriculture's Supplemental Food Program for Women,
Infants, and Children (WIC) (Yip et al., 1987b) (Figure B-21) and in private practice settings (Yip et al., 1987a)
(Figure B-22). In WIC clinics, the prevalence of anemia declined in a linear fashion, from 7 percent in children
born in 1973 to 3 percent in those born in 1984. Stricter criteria for anemia than those commonly used in a clinical
setting (hemoglobin, <10.3 g/dl; hematocrit, <31 percent) were applied to evaluate trends more accurately because
of evidence that reporting of the measurements was influenced by the enrollment requirements for WIC. The
actual values are apt to underestimate the prevalence of anemia by more widely used clinical criteria (AAP, CON,
1993; Dallman and Siimes, 1979). In a middle-class population, the prevalence of anemia on the basis of the
widely used cutoff of a hematocrit level of less than 33 percent between the ages of 9 and 23 months declined from 7
percent between 1969 and 1973 to less than 3 percent between 1982 and 1986 (Figure B-22). The latter is close to
the statistical baseline level for a normal population, suggesting that there remains little or no iron deficiency
anemia in this study population. These striking improvements can be attributed to changes in infant feeding
practices that took place during this period: later introduction of cow's milk and greater use of iron-fortified
formula (Fomon, 1987). The incorporation of iron-fortified for
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mula in the WIC food package for infants is believed to have played a major role in the decline of anemia among
infants from lower socioeconomic groups.

In screening for anemia, mild infection has come to be recognized as an important confounding factor. Young
children commonly have mild upper respiratory infections, gastroenteritis, or otitis media on health care visits. In
one study, the prevalence of anemia between 1982 and 1986 in children with illnesses averaged about ? percent
compared with 3 percent in those from the same population who were entirely well (Yip, 1989) (Figure B-23).
Even a history of a recent infection or evidence of an inflammatory process (on the basis of erythrocyte
sedimentation rate) is associated with a much higher prevalence of anemia and low-normal hemoglobin values
(Figure B-24). These findings emphasize the importance of testing for anemia to screen for iron deficiency only
when an individual is and has recently been free of infection.

Preterm Infants

Studies comparing the concentration of hemoglobin and other iron status measures in iron supplemented and
unsupplemented infants show that those with a birth-weight of less than 2,000 g are at very high risk of developing
iron deficiency anemia after 2 months of age unless they receive an iron supplement, iron-fortified formula, or
both (Lundström et al., 1977) (Figure B-11).

Figure B-21
Prevalence of anemia among infants and children in WIC clinics. The lower prevalence in children already in the
WIC program is associated with the use of iron-fortified infant formula and other foods intended to improve iron
status.
Source: Comparison of anemia trends of non-WIC and WIC children is based on data from the CDC Pediatric
Nutrition Surveillance System, 1976-1985, from Yip et al. (1987b).
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Figure B-23
Comparison of the prevalence of anemia among healthy children and those with a mild illness over four time periods
on the basis of data from a middle-class pediatric practice. The prevalence of anemia in children with a mild infection
is much higher than the prevalence of anemia in healthy children. Both have been declining over the past two
decades.
Source: Adapted from Yip et al. (1987a).

Figure B-24
Effect of recent infection or inflammatory process on anemia and hemoglobin value. Anemia and low to normal
hemoglobin concentration are more common among healthy 1-year-old infants with a history of recent mild infection
than among those who have been entirely well. ESR is erythrocyte sedimentation rate.
Source: From Reeves et al. (1984).
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Preschool Children, School-Age Children, And Adolescents

After age 3 years, the risk of iron deficiency anemia is less (Yip et al., 1987a,b) (Figure B-22). When children
are served meals in day care or at schools, there is an opportunity to provide foods that meet nutrition guidelines
for iron and other nutrients. In adolescence, it becomes more difficult to meet the increasing iron needs (Hallberg
et al., in press; Widholm et al., 1967) because meals are often eaten with less regularity and snack foods may
substitute for what was previously a more varied diet. It is also a challenge to screen teenagers for anemia because
it is uncommon for them to be seen for annual health maintenance checkups as recently recommended by the
American Medical Association Panel on Adolescent Health (AMA, 1992).

Review of Earlier Guidelines for Prevention and Treatment

Committee on Nutrition, American Academy of Pediatrics

The Committee on Nutrition (CON) of the American Academy of Pediatrics (AAP) has issued a number of
statements on iron nutrition and iron metabolism since 1969. For the most part, the recommendations have
remained the same. The changes during that period have involved mainly the duration for which iron-fortified
formula was to be used and the age before which cow's milk should not be started in the diets of infants. The
recommendations for term and preterm infants that apply currently can be summarized as follows.

Term Infants

On the basis of an extensive review of iron balance in infancy, the recommended total iron intake for term
infants is 1 mg/kg/day to a maximum of 15 mg/kg/day (AAP, CON, 1969). All formula-fed infants should receive
an iron-fortified formula (AAP, CON, 1989) until 12 months of age. Iron-fortified formula supplies ample iron to
meet the iron requirements of infants. Breastfed infants should be weaned to an iron-fortified formula rather than
to cow's milk if they are weaned before 12 months of age. Cow's milk and low-iron formulas should not be fed
during the first 12 months of life (AAP, CON, 1992). Iron-fortified infant cereal is recommended when infants
start solid foods (AAP, CON, 1969, 1976).

Preterm Infants

The recommended total iron intake for preterm infants is 2 to 3 mg/kg/day to a maximum of 15 mg/kg/day
(AAP, CON, 1969, 1985). Iron supplementation for low-birth-weight infants should start when the infant reaches a
body weight of about 2,000 g or goes home. Infants fed human milk should receive 2 to 3 mg of elemental iron
(per kg/day) as ferrous sulfate drops. If oral iron supplements are started earlier, at 2 weeks or when enteral
feedings are tolerated, a dose of 2 to 3 mg/kg/day as well as a vitamin E supplement should be given. Formulas
with iron usually contain sufficient iron so that no additional iron supplement is needed. Breastfed infants should
be weaned to an
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iron-fortified formula rather than to cow's milk if they are weaned before 12 months of age. Cow's milk and low-
iron formulas should not be fed during the first 12 months (AAP, CON, 1992). Iron-fortified infant cereal is
recommended when infants start solid foods (AAP, CON, 1967, 1976).

Canadian Pediatric Society

Breastfed infants should be fed iron-fortified cereal (Canadian Pediatric Society, Nutrition Committee,
1991). Iron-fortified formula should be fed to infants who are not breastfed. Cow's milk should not be started until
after 9 to 12 months of age. Iron supplements for low-birth-weight infants should start by 8 weeks of age and
should be maintained until 12 months of age.

Recommended Dietary Allowances, 10th Edition

Infants to Age 3 Years

For infants from birth to age 3 years, 1 mg of iron per kg/day was recommended for those who are not
breastfed, but it was noted that satisfactory levels of hemoglobin could be maintained without extra iron from birth
to age 3 months. The RDA for iron for those aged 6 months to 3 years was set at 10 mg/day. For low-birth-weight
infants with birth-weights of from 1,000 to 2,500 g, 2 mg/kg/day was recommended starting no later than 2
months of age. The maximum iron intake was set at 15 mg/day for term and low-birth-weight infants (NRC,
1989).

Children Ages 3 Years and Older

For children, the RDA for iron was set at 10 mg/day, with an increase at age 10 years to 12 mg/day for males
and 15 mg/day for females (NRC, 1989).

Iron Deficiency In Women Of Childbearing Potential: Prevalence And Recent
Recommendations

Magnitude of the Problem

In contrast to children in whom inadequate iron intake is usually responsible for iron deficiency, excessive
iron losses via menstrual blood and pregnancy play major roles among women of childbearing age. Also in
contrast to children, there is no evidence that the prevalence of iron deficiency among women of childbearing age
has declined substantially during the past two decades.

Nhanes II (1976-1980)

In this large national survey, about 5-10 percent of women between the ages of 20 and 44 years in the United
States were iron deficient on the basis of
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two or three abnormal values for indicators of iron status (Expert Scientific Working Group, 1985; LSRO, 1984).
Five percent were iron deficient on the basis of an abnormal MCV, transferrin saturation, and erythrocyte
protoporphyrin values; and 10 percent were iron deficient on the basis of abnormal serum ferritin, transferrin
saturation, and/or erythrocyte protoporphyrin values. In contrast, less than I percent of men between the ages of 20
and 44 years were iron deficient by these criteria.

Females between the ages of 15 and 19 years had a prevalence of iron deficiency similar to that for women
aged 20 to 44 years. The prevalence of iron deficiency among women between 20 and 44 years of age was greater
with poverty, brief education, and high parity (LSRO, 1984) (Table B-10). There is no information on the
prevalence of iron deficiency among a national sample of pregnant women.

About 8 percent of white women were anemic (hemoglobin concentration, <12.0 g/dl), and about 3 percent
had iron deficiency anemia (anemia plus two or three abnormal hemoglobin values). These analyses were reported
for whites only because many more blacks would be identified as anemic, despite having normal iron status (as
discussed above; see Table B-8).

Pregnancy Nutrition Surveillance System—United States, 1979-1990

This CDC Surveillance System monitored nutritional risk factors among low-income pregnant women
participating in public health programs. A recent

TABLE B-10 Risk Factors for Iron Deficiency

Risk Factor Percent with Iron Deficiency

Economic status

Above poverty level 5.1 ± 0.5*

Below poverty level 7.8 + 1.5*

Education

None/elementary school 13.4 + 2.8**+

High school 5.4 ± 0.6**

College 4.2 ± 0.6+

Parity

0 3.1±0.5

1-2 3.8 ± 0.8

3-4 9.4±1.1++

>5 11.1 ± 2.1++

NOTE: Iron deficiency is defined as two or three abnormal values for the following tests: MCV, transferrin saturation, and erythrocyte
protoporphyrin. Prevalence of iron deficiency is shown for women between 20 and 44 years of age. Significance:
*, p < 0.10;
**,p <0.05;
+,p <0.01;
++, p < 0.005 (in both other groups).
SOURCE: LSRO (1984).
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report based on this survey (Kim et al., 1992) showed a prevalence of anemia that was high and that increased
during the course of pregnancy. In 1990, for example, about 5, 8, and 25 percent of white and Hispanic women
were anemic in the first, second, and third trimesters, respectively, indicating a worsening of iron status during the
progression of pregnancy as iron needs increase (Figure B-19). Most discouraging was the finding that the
prevalence of anemia has remained stable or has increased slightly since 1979 (Figure B-19), a period during
which there has been a marked decline in anemia among infants and preschool-age children served by the same
clinics (Figure B-21). These findings indicate a need for new approaches to the prevention of anemia and iron
deficiency among low-income, pregnant women.

Black women had a disproportionately high prevalence of anemia compared with white and Hispanic
women. The discrepancy increases progressively from the first to the second and third trimesters. The high
prevalence is partly related to the lower hemoglobin concentrations in blacks, even when iron status is normal. The
extent to which iron deficiency also plays a role in the higher prevalence of anemia among blacks, particularly in
the second and third trimesters, remains uncertain. The findings do show that the interpretation of anemia among
pregnant black women requires special attention to minimize the false diagnosis of anemia and iron deficiency.

Clinical Trials in Iron Supplemented Versus Unsupplemented Pregnant Women

Several carefully performed studies in which iron supplemented and unsupplemented women were followed
at monthly intervals during pregnancy were recently summarized (Table B-4). In all cases, the women studied
were not anemic on their first prenatal visit. However, the mean hemoglobin concentration became lower in
unsupplemented than in iron supplemented women after about 24 weeks of gestation, and the difference, as
illustrated by one of these studies (Taylor et al., 1982), continued to increase with the progression of pregnancy
(Figure B-25). The increasing prevalence of anemia during the course of pregnancy is in accord with the survey
data described above for the Pregnancy Nutrition Surveillance System.

Review of Current Guidelines

Committee on Professional Standards, American College of Obstetricians and Gynecologists

As early in pregnancy as possible, the clinician should determine the hemoglobin concentration or hematocrit
(a venipuncture will be required for the additional laboratory tests that are recommended). The hemoglobin or
hematocrit analysis should be repeated again early in the third trimester (ACOG, 1989).
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Figure B-25
Hemoglobin concentration during gestation and postpartum in women receiving an iron supplement and women not
supplemented with iron. The unsupplemented group had a lower mean hemoglobin concentration after about 24
weeks of gestation, and differences became more marked during the progression of pregnancy. After delivery,
differences in hemoglobin concentration disappear as the blood volume decreases.
Source: Data from Taylor et al. (1992).

Nutritional status should be evaluated on the initial visit and should be monitored on subsequent visits
throughout the pregnancy. If iron, folate, and certain other vitamin needs are not met by the diet, the clinician
should recommend a vitamin-mineral supplement that supplies the RDAs for pregnant women.

The recommended frequency of visits is every 4 weeks for the first 28 weeks of gestation, every 2 to 3 weeks
until 36 weeks of gestation, and weekly thereafter.

Institute of Medicine: Nutrition During Pregnancy and Nutrition During Pregnancy and Lactation: An
Implementation Guide

Nutrition During Pregnancy

(IOM, 1990a) included a chapter on iron nutrition during pregnancy with a review of the literature (IOM,
1990b). That review concluded with the recommendations outlined below. The Implementation Guide, which was
published 2 years later (IOM, 1992), was prepared as a briefer user manual for improving nutrition during
pregnancy and lactation. It included more specific clinical information, which is also summarized below.

Eat a well-balanced diet (Dietary Guidelines for Americans, DHHS/USDA, 1991) that contains enhancers of
iron absorption (ascorbic acid, meat).
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Routinely determine the hemoglobin concentration or hematocrit on the first prenatal visit to detect
preexisting anemia. A hemoglobin level of less than 11.0 g/dl during the first or third trimesters or less than 10.5
g/dl during the second trimester is defined as anemia.

Nonanemic women should routinely take about 30 mg of ferrous iron beginning at about the 12th week of
gestation. Take the iron between meals and with water or juice, but not with milk, tea, or coffee. The rationale for
the 30-mg dose is that it is the lowest for which there is strong evidence of effectiveness (Chanarin and Rothman,
1971) (Figure B-26). Such low doses can be relatively effective because the percentage of iron absorbed decreases
as the dose increases. Thus, a more than six fold increase in dose from 18 to 120 mg scarcely doubles the amount
of iron absorbed (B-Figure 27) (Hahn et al., 1951). It was considered equally important to select a low dose to
avoid the relatively high prevalence of side effects seen with the commonly employed regimens of 180 rag/day.
The lower dose could be given as a single tablet once a day, favoring compliance.

Anemia accompanied by a serum ferritin concentration of less than 12 µg/liter can be presumed to be iron
deficiency anemia and requires treatment with 60 to 120 mg of ferrous iron daily (no more than about 60 mg per
dose). Hemoglobin or hematocrit should be checked again after about I month. When the hemoglobin or
hematocrit becomes normal for the stage of gestation, the dose can be decreased to 30 mg/day. A persistent anemia
requires questions about compliance or further laboratory studies to consider other causes of anemia.

Nutrition During Pregnancy and Lactation: An Implementation Guide (IOM, 1992)

A preconception or interconception visit should include a screening for anemia with the determination of
hemoglobin concentration or hematocrit. A hemoglobin concentration of less than 12.0 g/dl was defined as anemia
(Table B-4). Corrections for smoking and residence at high altitude were provided (Table B-11). The
determination of serum ferritin should be considered in women with anemia. A serum ferritin concentration of less
than 20 µg/liter with anemia indicates iron deficiency as the cause of anemia.

The use of a folate-containing supplement to help prevent recurrent neural tube defects was mentioned as
relevant to iron supplementation, since it offers the possibility of using a vitamin-mineral supplement containing
both iron and folate.

Prenatal multivitamin-mineral supplements were recommended for women identified to be at high nutritional
risk. Table B-12 shows the suggested composition of such supplements.

A brief dietary history was recommended on this and the first prenatal visit. Dietary advice based on Dietary
Guidelines for Americans was also suggested for both visits (DHHS/USDA, 1991).

The first prenatal visit includes screening for anemia. Anemia was defined as a hemoglobin concentration of
less than 11.0 g/dl in the first or third
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Figure B-26
Serum iron and hemoglobin levels in groups of 46 to 49 randomly assigned women receiving either a placebo or
various doses of elemental iron as ferrous fumarate given orally on a daily basis. Data from groups receiving 60-mg
oral doses of iron or 1 g of iron given parenterally and then 60-mg oral doses of iron per day are not shown but are
similar to those of the iron supplemented groups shown in the figure. Note that daily doses of 30 and 120 mg were
similarly effective in preventing anemia.
Source: From IOM (1990a), based on Chanarin and Rothman (1971).
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Figure B-27
Absorption of iron (as a percentage of the dose above and in milligrams below) in relation to dose and stage of
pregnancy, based on data from Hahn et al. (1951). Iron absorption increased during the progression of pregnancy. At
any stage of pregnancy, the percentage of iron absorbed decreases as the dose of iron increases. At about 30 weeks of
gestation, a more than six fold increase in dose from 18 to 120 mg of iron only doubles the amount of iron absorbed.
Source: IOM (1990a).
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TABLE B-11 Cutoff Values for Anemia in Women of Childbearing Age

Group Hemoglobin (g/dl)a Hematocrit(%)a

Nonpregnant women

Nonsmokers 12.0 36

10-20 cigarettes/day 12.3 37

20-40 cigarettes/day 12.5 37.5

Pregnant women

Nonsmokers

First trimester 11.0 33

Second trimester 10.5 32

Third trimester 11.0 33

10-20 cigarettes/day

First trimester 11.3 34

Second trimester 10.8 33

Third trimester 11.3 34

21-40 cigarettes/day

First trimester 11.5 34.5

Second trimester 11.0 33.5

Third trimester 11.5 34.5

a For altitudes of about 5,000 ft. (i.e., Denver, Salt Lake City), add 0.5 g/dl to the hemoglobin cutoff or 1.5 percent to the hematocrit
cutoff.
SOURCES: IOM (1992) and CDC (1989).

TABLE B-12 Suggested Composition (approximate) of Prenatal Daily Vitamin-Mineral Supplements for Use by Women
Identified To Be At High Nutritional Riska

Nutrient Amount

Iron 30-60 mg

Zinc 15 mg

Copper 2 mg

Calciumb 250 mg

Vitamin D 10 µg (400 IU)

Vitamin C 50 mg

Vitamin B6 2 mg

Folate 300 µg

Vitamin B12 2 µg

a If vitamin A is included, -arotene is preferred over retinol, to reduce the risk of toxicity or other adverse reactions.
b Since calcium and magnesium may interfere with iron absorption, upper limits of 250 and 23 mg per dose, respectively, are
recommended as a part of vitamin-mineral supplements. Some calcium supplements provide less than the recommended 600 mg of
elemental calcium per tablet. It is advisable to take supplements containing calcium alone (e.g., calcium carbonate) with meals to promote
absorption of the calcium.
SOURCE: Adapted from IOM (1992).
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trimester and less than 10.5 g/dl in the second trimester. The routine use of ferrous iron at a dose of about 30
rag/day was recommended for nonanemic women starting at 12 weeks of gestation.1

Anemia before conception or during pregnancy should be treated with 60 to 120 mg of ferrous iron per day,
no more than about 60 mg per dose. A vitamin-mineral supplement containing 15 mg of zinc and 2 mg of copper
was recommended to be taken at a different time of the day.2 The hemoglobin should be checked for improvement
after about 1 month, and the dose should be lowered to 30 mg/day if the anemia has resolved. The possibility of
side effects was mentioned, including the likelihood that nausea, cramps, constipation, or diarrhea, should they
develop, often persist for no longer than 3 to 5 days. Liquid and chewable preparations were offered as alternatives
for women who have trouble swallowing pills or capsules. The relevant information provided about iron
supplements is summarized in Table B-13.

Life Research Office: Guidelines For The Assessment And Management Of Iron Deficiency In Women Of
Childbearing Age

This report (LSRO, 1991) focused primarily on the problem of iron deficiency in nonpregnant women. The
recommendations for pregnant women were essentially the same as those of the Institute of Medicine (IOM,
1990a, 1992).

1.  The prevalence of iron deficiency in the total population was considered to be sufficiently low to
preclude recommending an increase in current levels of iron fortification in standardized food.

2.  The prevalence of iron deficiency in nonpregnant women of childbearing age was too low to justify
supplementing all women. Women with iron deficiency anemia should therefore be detected by
laboratory screening, and intervention with iron supplements should be recommended for women with
iron deficiency anemia.

3.  Nonpregnant women should be screened for anemia (hemoglobin concentration, <12.0 g/dl, or
hematocrit, <36 percent, with corrections for altitude and smoking [Table B-11]). For mild anemia (a
hemoglobin concentration of between 10.0 and 12.0 g/all), a therapeutic dose of iron, 60 mg twice a
day, should be given for 6 weeks. Check for a change in hemoglobin concentration and continue for a
total of 6 months, and then lower the dose to 30 mg/day and monitor iron status. For severe anemia (a
hemoglobin concentration of <10.0 g/dl), investigate further for the cause of anemia (note that such
low values are very rare). To make an etiologic diagnosis of anemia, serum ferritin concentra

1 Note that recent developments argue for earlier initiation of iron or iron and folate: Studies indicate an association of
anemia (Kim et al., 1992) or iron deficiency anemia (Scholl et al., 1992) early in pregnancy with low-birth-weight (IOM,
1992) and the CDC recommendations that all women of childbearing potential consume 0.4 nag of folate per day (CDC, 1992;
IOM, 1992).

2 The necessity for this recommendation might be reevaluated in light of evidence for decreased compliance when
medication is recommended at intervals more frequent than once a day (IOM, 1992).
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TABLE B-13 Information About Iron Supplements

Types of iron preparations

1
.

 Well-absorbed iron compounds include ferrous sulfate, exsiccated ferrous sulfate,
ferrous gluconate, and ferrous fumarate.

2
.

 Slow-release iron compounds are available if there are side effects, but these are
more expensive and are not as well absorbed.

3
.

 Liquid and chewable preparations are available for those who have trouble
swallowing tablets.

4
.

 Iron compounds can be given alone, in combination with folate, or as part of a
multivitamin-mineral combination, according to the clinical circumstances.

5
.

 Drug Facts and Comparisons (Kastrup, 1992) is a useful, frequently updated
reference for contents and costs of currently marketed iron products. It is available in many
pharmacies and medical libraries.

Iron doses can be expressed in terms of elemental iron, as here, or in terms of the iron
compound:

1
.

 30 mg of elemental iron is equivalent to: 150 mg of ferrous sulfate about 95 mg of
exsiccated ferrous sulfate 90 mg of ferrous fumarate 250 mg of ferrous gluconate

2
.

 60 mg of elemental iron is equivalent to: 300 mg of ferrous sulfate about 190 mg of
exsiccated ferrous sulfate 180 mg of ferrous fumarate 500 mg of ferrous gluconate

What to tell the patient to improve compliance and safety

1
.

 Taking iron to prevent or treat iron deficiency anemia helps to reduce fatigue and
increase your ability to adapt to delivery.

2
.

 Let me give you the name of a liquid or chewable preparation if you have difficulty
swallowing tablets.

3
.

 Iron-containing supplements are best taken between meals or at bedtime with water
or juice, not tea, coffee, or milk (once-a-day regimens favor compliance).

4
.

 You may notice a darkening in the color of your stools, which normally results from
taking iron tablets. Higher doses of iron sometimes cause stomach discomfort, constipation, or
less often, diarrhea, but these problems often persist for no longer than the first 3 to 5 days after
you start taking iron. If problems persist, we can lower the dose or recommend a different
(slow-release) preparation that can be taken with meals.

5
.

 Use safety caps (let me show you how), and keep supplements out of the reach of
children because iron is a very common cause of poisoning (Litovitz et al., 1992).

SOURCE: IOM (1992).

IRON DEFICIENCY ANEMIA: A SYNTHESIS OF CURRENT SCIENTIFIC KNOWLEDGE AND U.S. RECOMMENDATIONS
FOR PREVENTION AND TREATMENT

89

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e 
us

e 
th

e
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Iron Deficiency Anemia: Recommended Guidelines for the Prevention, Detection, and Management Among U.S. Children and Women of Childbearing Age
http://www.nap.edu/catalog/2251.html

http://www.nap.edu/catalog/2251.html


tion determination is the preferred test. A value of less than 12 µg/liter by itself indicates iron deficiency. A value
of less than 15 µg/liter in an anemic individual indicates iron deficiency anemia.

4.  Therapeutic doses of iron for anemia should be given under medical supervision. The total daily dose
can be between 60 and 180 mg/day but should not be more than about 60 mg per dose. Take iron
alone with water or fruit juice, not with milk, tea, or coffee.

5.  A maintenance dose of iron is 30 mg/day (range, 15 to 60 mg) when taken as prescribed (see
discussion of RDAs below).

6.  Advise on diet.
7.  For follow-up, on a 6-week revisit, modify the dose according to the change in the hemoglobin

concentration and compliance. Consider other causes of anemia if there has been no response.
8.  Pregnant women should routinely take a maintenance dose of iron in the second and third trimesters

even if they are not anemic. If anemic, they should receive a therapeutic dose of iron as described
below. New CDC criteria for anemia during pregnancy should be used (Table B-11) (CDC, 1989).

Recommended Dietary Allowances, 10th Edition

1.  For nonpregnant women, 15 mg of iron per day was considered to provide a sufficient margin of
safety for essentially all adult women in the United States except for those with the most extreme
menstrual losses, given usual dietary patterns (NRC, 1989). This is a reduction from 18 mg/day in the
1980 RDAs.

2.  For pregnant women, a daily increment of 15 mg/day (or a total of 30 mg/day) is recommended; this
value is averaged over the entire pregnancy (NRC, 1989). Since the increased requirements of iron
during pregnancy cannot be met by the iron content of the habitual diet of most Americans or the iron
stores of at least some women, daily iron supplements are usually recommended.

Editorial Discussions

There is a widely held view in Britain (Hibbard, 1988) and elsewhere (Hemminki and Starfield, 1978) that no
medication (including iron supplements) should be given to pregnant women in the absence of proven need. The
view of Hemminki and coworkers (1989) was based on an earlier meta-analysis indicating no proven benefits of
using vitamin or mineral supplements (Hemminki and Starfield, 1978). Hibbard (1988) proposed screening
pregnant women and treating those in low-risk categories with iron only if they have a low serum ferritin
concentration or anemia, but Horn (1988), in the same issue of the British Medical Journal as the article by
Hibbard (1988), recommended
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routine iron supplementation as practical and cost-effective. Hibbard (1988) also recommended routine iron
administration if concomitant folic acid treatment was used. Thus, the recent recommendation to use folate before
conception and early in pregnancy would also include the use of iron if iron and folate combinations are
prescribed, as is commonly the case.

International Recommendations Directed Primarily to Developing Countries

These recommendations are intended primarily for pregnant women in developing countries, where surveys
have shown a prevalence of iron deficiency anemia often in excess of 50 percent (DeMaeyer et al., 1985). The
recommendations have involved the routine use of relatively high doses of iron and folate. Poor distribution of
tablets and poor compliance have been recognized as major problems. Various strategies for fortifying food with
iron have been studied, but there has been little progress in implementing them on a broad scale.

Fao/Who (1988)

Requirements for absorbed iron were calculated for various age, sex, and pregnancy categories.
Recommendations for dietary iron intakes are based on the estimated bioavailability of iron from the customary
diet. The assumed percentage of iron absorbed primarily from cereal and legume diets, which have poor iron
bioavailability, are 5 percent; that absorbed from diets with intermediate bioavailability, 10 percent; and that
absorbed from diets with high bioavailability (meat and ascorbic acid-rich diets, as is usual in the United States),
15 percent.

World Health Organization

The document Preventing and Controlling Iron Deficiency Anemia Through Primary Health Care 
(DeMaeyer, 1989) noted the need for supplementation in situations such as pregnancy, in which rapid
improvement in iron status is important. It recognized the problem of compliance, especially when there may be
side effects and no perception of ill health. It also stressed the need for communication and the importance of
motivation skills for health workers. For pregnant women, the recommendation was to take tablets containing 60
mg of iron and 250 lag of folate twice a day. A diet rich in heme iron and ascorbic acid was advocated. The
desirability of iron fortification of a staple food and the control of infection were discussed.

International Nutritional Anemia Consultative Group

Tablets containing 60 mg of iron and 250 µg of folate twice a day without food were recommended for
pregnant women. If there were side effects, the tablets were to be taken after meals or at a lower dose for 1 week
before resuming a full dose. Diet modification and fortification were mentioned (INACG, 1989).
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C

Iron-Dependent Pathologies

John L. Beard1

A recent article by Salonen and colleagues in Circulation has sparked the interest of a number of individuals
both within and outside of the scientific community (Salonen et al., 1992). The research question posed by the
authors and suggested by a growing number of observations was relatively straightforward: Is excess body iron, as
indicated by the plasma ferritin concentration, a significant positive risk factor for myocardial infarction? The
biologic feasibility of this question has its roots in the reasonably well established in vitro relationships between
free-radical production and iron content in physiologic solutions (Halliwell and Gutteridge, 1990; Reif, 1992). The
Haber-Weiss reaction (equation 1)

can be modified in the presence of Fe+3 to a much faster set of reactions (equations 2 and 3) called the Fenton
reaction:

The hypotheses concerning the effect of the chronic toxicity of iron with regard to its relationship with
cancer, atherosclerosis, and neurodegenerative disorders have a common theme in the iron-catalyzed production of
highly reactive oxygen species. A recent census lists 60 human diseases in which oxidant stress is thought to play a
role (Halliwell, 1987).

Although it is true that iron can catalyze a number of biologically undesirable reactions in vitro, iron is nearly
always chelated to low-molecular-weight compounds or is associated with macromolecules such as proteins,
lipids, carbohydrates, and nucleic acids in vivo and under nonpathologic conditions. Free

1 The author acknowledges the assistance of Harry Dawson in the literature review for sections of this paper as well as the
contribution of James Connomr for material on the brain pathology sections.
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iron can be liberated by redox reagents from iron-protein complexes but is frequently oxidized to the ferric state by
ceruloplasmin (Gutteridge, 1986; Gutteridge et al., 1980). Recent evidence obtained by electromagnetic proton
resonance suggests that the Fenton reaction occurs only when plasma is exposed to atmospheric oxygen and that
even iron-overloaded plasma does not produce the superoxide-driven Fenton reaction (Minetti et al., 1992). Some
authors have suggested that an endogenous pool of low-molecular-weight proteins such as di- and trinucleotides,
citrate, acetate, and urate complexed to ferrous iron are sources of hydroxyl radicals (Floyd, 1983).

The highly reactive product oxidant molecules are the sources of extensive oxidative stress to cellular
systems and are the basis of extensive studies by Halliwell and Gutteridge (1990). The sources of this ''free iron'' in
vivo are unknown at this time, and the in vivo locations are undetermined. Oxidized iron is transported in a tightly
bound fashion to transferrin in the plasma pool and is not readily removed by most endogenous or exogenous
chelators of iron unless the pH drops significantly below 6.0. Thus, the amount of free iron in plasma in normal
physiologic states is extremely low and is an unlikely source of iron for the Fenton reaction. A second possible
source of iron in the plasma pool or in cells is ferritin (Reif, 1992). Apoferritin is composed of 24 protein sub units
containing either heavy or light chains. The heavy-chain sub unit has considerable ferroxidase activity, whereas
the amounts of both chains regulate the rate of entry and exodus of ferric iron from its ferric oxide core (Cozzi et
al., 1990; Craelius et al., 1974). Ferritin is usually less than 20 percent saturated with iron while in the plasma
compartment. The iron in fully loaded ferritin is more labile than that in normally loaded ferritin (Gutteridge et al.,
1983). In vitro studies have frequently driven the mobilization of this ferritin-bound iron by adding
supraphysiologic amounts of oxidants, chelators, and iron-loaded ferritin. A number of compounds with a reducing
potential in excess of -230 mV can remove ferritin-bound iron at physiologic pH. Unfortunately, most in vitro
studies have used chelators and oxidizing agents that have iron-binding affinities in excess of those likely to exist
for in vivo chelators (Reif, 1992). The presence of appropriate antioxidants can prevent this iron removal. Thomas
and colleagues (1985) and others (Gutteridge et al., 1983) have shown increased lipid peroxidation when iron is
released from ferritin. The extent of damage can be limited by the addition of iron chelators such as
desferoxamine, although its binding affinity for iron (1031) is much higher than those of other likely in vivo
chelators.

The redox potential for superoxide (0.33 mV) suggests that superoxide is capable of reducing the ferric iron
core of ferritin (Crighton et al., 1980). This superoxide is generated in vivo by xanthine oxidase during respiratory
bursts by neutrophils and during reperfusion injury of ischemic tissues (Bolann and Ulvik, 1990). Although
superoxide is able to mobilize few ferrous iron atoms in normally saturated ferritin, the number increases 3.5-fold
by the addition of the chelator EDTA. Other studies show that the iron liberated from ferritin by superoxide can be
scavenged by both transferrin and lactoferrin or reoxidized by
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ceruloplasmin in vitro (Monteiro and Winterbourn, 1988; Samokyszyn et al., 1989, 1991). Transferrin and
lactoferrin are unlikely donators given their high binding affinity for iron (1024) at physiologic pH. In contrast,
transferrin and lactoferrin inhibit iron-catalyzed lipid peroxidation in vitro (Gutteridge et al., 1981). Heme iron can
be removed by oxidants such as H2O2 in vitro (Puppo and Halliwell, 1988). This can cause cytotoxicity in cells
exposed to both heme and oxidant stress. Hemopexin and haptoglobin complexes with hemoglobin both act to
prevent lipid peroxidation (Gutteridge, 1987).

The direct evidence for free iron availability comes from the bleomycin-re-active iron assay or inhibition of
reactions by the iron chelator desferoxamine. Bleomycin-detectable iron is absent from the plasma, serum, and
synovial fluid of healthy adult individuals. It can be found in the plasma of premature and full-term neonates, with
higher levels occurring in the premature neonate group (Evans et al., 1992). These levels correspond to the ability
of surfactant from neonates to induce lipid peroxidation (Moison et al., 1993). Bleomycin-detectable iron is also
found in the plasma and synovial fluid of patients with idiopathic hemochromatosis, bone marrow transplant
recipients, and patients with acute nonlymphocytic leukemia (Foerder et al., 1992; Gordeuk and Brittenham, 1992;
Gutteridge, 1992; Pillay and Makgoba, 1992). This free iron has also been found in the gruel of atherosclerotic
lesions (Smith et al., 1992).

Heart Disease

The oxidation of low-density lipoproteins (LDLs) has been experimentally related to the presence of iron
(Kuzuya et al., 1990; Steinberg et al., 1989). An increased proportion of LDLs was oxidized after exposure to high
levels of iron, and there was a more rapid uptake of LDLs into cells. It is the rapid and relatively uncontrolled
uptake of these oxidized LDLs that are key elements in the current hypothesis of the pathogenesis of coronary
heart disease (CHD) (Steinberg et al., 1989).

The study by Salonen and colleagues (1992) that has caused such recent public concern was a prospective
examination of novel risk factors for acute myocardial infarction and atherogenesis (AMI). The subject population
was a group of 3,235 eastern Finnish men who were enrolled in the study at ages 42, 48, 54, and 60 years and who
were followed for 5 years. The authors established by a proportional hazards model that an elevated plasma ferritin
concentration was one of the significant factors for AMI after a statistical adjustment for age and year of
enrollment. The relative risk was 2.2 for men with a serum ferritin concentration of 200 µg/liter or greater. Further
separation of the elevated ferritin group into groups with serum ferritin concentrations of 200-400 and greater than
400 µg/liter did not change the risk ratio, indicating an effect well within a range of ferritin concentrations at the
high end of normal. The men who had heart attacks had a higher mean ferritin concentration (231 ± 215 µg/liter)
than those who did not (165 ± 146 µg/liter). It is important to note that
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equal numbers of men with serum ferritin concentrations of less than 200 µg/liter and greater than 200 mg/liter had
heart attacks. The authors noted that a significant difference persists between these two groups after a covariance
adjustment is made on the basis of other risk factors such as lipoprotein concentrations and smoking history. The
distribution of serum ferritin concentrations showed that about 10 percent of the men in their fourth and fifth
decades of life had a serum ferritin concentration of greater than 280 µg/liter. This percentage is comparable to
that reported by Salonen and colleagues (1992) for the non-AMI portion of the sample and is a considerably lower
percentage than that in the AMI sample (18 percent). Thus, although the non-AMI sample had a distribution
similar to that in the U.S. population, the AMI group appeared to be shifted to the right of the mean and to have a
small group of subjects with extremely high serum ferritin concentrations. A recent estimate of the prevalence of
the hemochromatosis gene defect in Europe and the United States is that 4.5 people per 1,000 population are
homozygous, and about 12.5 percent of the population is estimated to be heterozygous. Although the gene
prevalence in the sample population is not known, it is possible that this iron-loading gene defect plays a
significant role in the established statistical relationship. Previous reports demonstrate a low prevalence of less
than 1/1,000 population in other parts of Finland, but also recognize that pockets of increased prevalence may
exist in the Finnish population (Karlsson et al., 1988). Near the upper end of the ferritin distribution, the transferrin
saturation can approach 100 percent (Bothwell and Charlton, 1982). It is at this point that free iron may be present
in plasma and act in the aforementioned manner as a participant in the Haber-Weiss reaction (Aruoma et al.,
1988). Congestive heart failure is characteristic of hereditary hemochromatosis and is prevented by chelation or
phlebotomy. Recent evidence in the reperfusion-ischemia literature demonstrates a strong role for chelatable iron
in the initiation of cellular oxidative damage (Van der Kraaij et al., 1988; Williams et al., 1991).

The positive effects of ferritin on oxidation-mediated damage, however, should be considered. Apoferritin
added to cultured endothelial cells protects them from oxidant-mediated cytolysis because of its strong ferroxidase
affinity (Balla et al., 1991). The antioxidant status of the microenvironment in vivo may ultimately determine
whether iron-catalyzed oxidative damage to LDLs is a significant component of atherogenesis. In a prospective
study of U.S. physicians, an increased risk (relative risk of 1.1) was reported for those with a high level of serum
ferritin, although dietary iron had no relationship to risk of CHD (Rimm et al., 1993). This does not support the
hypothesis that dietary iron increases coronary risk in men, nor is it consistent with a 5 percent increase in the risk
of CHD with a l-mg increase in iron intake per day, as suggested by Salonen and colleagues (1992).

IRON-DEPENDENT PATHOLOGIES 102

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e 
us

e 
th

e
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Iron Deficiency Anemia: Recommended Guidelines for the Prevention, Detection, and Management Among U.S. Children and Women of Childbearing Age
http://www.nap.edu/catalog/2251.html

http://www.nap.edu/catalog/2251.html


Cancer

The experimental evidence relating iron status to carcinogenesis is usually derived from studies that use very
large quantities of iron. For example, mammary carcinogenesis induced by 1-methyl-nitrosourea is increased in
rots fed 1,200 mg/ml of iron compared with that in rats fed 20 or 2 mg/ml (Thompson et al., 1991). In a model of
induced mammary carcinogenesis, mice fed 5 mg/kg of iron developed tumors at a faster rate than mice fed iron at
180 mg/kg. There was no increase in overall tumor incidence. Iron potentiates 1,2-dimethyhydrazine-induced
colon cancer (20 mg/kg) at a level of 3.5 percent ferrous fumarate (11,504 mg/kg of elemental iron) in the diet
(Siegers et al., 1988, 1992). Experimental iron deficiency is associated with delayed onset time of experimental
liver tumors (Vitale et al., 1977), whereas choline-deficient rats fed a low-iron diet developed fewer preneoplastic
liver lesions than rats fed 330 mg/kg of iron (Yoshigi et al., 1992).

In a screening designed to assess the carcinogenicity of pharmaceutical preparations, an increased risk of lung
cancer was noted among male users of nonprenatal iron formulations (Friedman and Ury, 1980, 1983). A 24-hour
recall survey of the Transkei region of South Africa found a significant increase in intake of dietary iron among
those at increased risk of esophageal cancer (Groenwald et al., 1981). In a retrospective case-control study of 186
subjects, iron consumption varied inversely with the size of colonic polyps but showed no correlation with the size
of the initial dysplasia (Hoff et al., 1986). A prospective study of colorectal cancer in Majorca concluded that the
daily iron intake was greater in females who developed colon cancer than in population controls (Benito, 1991).
Data from the first National Health and Nutrition Examination Survey indicate that the total iron-binding capacity
is lower and the transferrin saturation is higher among men who developed cancer (Stevens et al., 1988). An
association in women was evident only at extremely high transferrin saturations. Similar and opposite
relationships affected by gender are evident in other studies (Selby and Friedman, 1988; Stevens et al., 1986). It is
not dear whether these data clarify any role in the pathogenesis of iron-related carcinogenesis.

Brain Iron and Disease

A number of neurologic disorders, including Parkinson's disease (Olanow et al., 1992), multiple sclerosis
(Drayer et al., 1987), Alzheimer's disease (Connor, 1992), and Hallervorden-Spatz disease (Swaiman, 1991), are
associated with disruptions in iron homeostasis in the brain. It is clear that normal neurologic function is
dependent on normal iron homeostasis. The brain has the highest rate of oxidative metabolism of any organ in the
body, which probably accounts for the finding that levels of iron are higher in the brain that in any organ except
the liver (Hallgren and Sourander, 1958).

IRON-DEPENDENT PATHOLOGIES 103

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e 
us

e 
th

e
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Iron Deficiency Anemia: Recommended Guidelines for the Prevention, Detection, and Management Among U.S. Children and Women of Childbearing Age
http://www.nap.edu/catalog/2251.html

http://www.nap.edu/catalog/2251.html


Parkinson's Disease

Research attention has focused on the involvement of iron in neurologic disease, particularly as it relates to
oxidative damage. Data describing the postmortem brain iron contents of individuals who had Parkinson's disease
(Sofic et al., 1988) showed a 176 percent increase in total iron and a 255 percent increase in ferric iron in the
substantial nigra; no changes were observed in the cortex, hippocampus, putamen, or globus pallidus.

Alzheimer's Disease

Iron dysfunction has long been suspected in Alzheimer's disease. Iron is a significant component of senile
plaques, and iron encrustation of blood vessels in the brains of patients with Alzheimer's disease is a common
observation (Connor, 1992). Iron levels in the hippocampus, amygdala, nucleus basalis of Meynert (Thompson et
al., 1988), and the cerebral cortex (Connor et al., 1992) are elevated in patients with Alzheimer's disease. Analyses
of iron transport and storage proteins suggest that iron mobility is decreased in the brains of patients with
Alzheimer's disease compared with that in the brains of normal subjects (reviewed in Connor, 1992). Decreased
iron mobility would likely be associated with decreased metabolic activity and increased peroxidative damage—
bothwell-established phenomena in the brains of patients with Alzheimer's disease, with no known muse.
Recently, an iron-responsive element has been reported on the messenger RNA for the amyloid precursor protein
(Tanzi and Hyman, 1991; Zubenko et al., 1992), suggesting that iron is somehow involved in regulating amyloid
precursor protein synthesis.

Perhaps equally as important as its function in normal activity is the role of iron in oxidative injury leading to
membrane damage and, ultimately, cell death (Halliwell, 1991; Zaleska and Floyd, 1985). A decrease in cell
membrane fluidity within the central nervous system is considered part of the pathogenesis of aging, and an
increase in flee-radical production has been demonstrated in the brain tissues of patients with Alzheimer's disease
(reviewed in Halliwell, 1991). Iron is a critical factor in the induction of events leading to lipid peroxidative
damage in the brain (Zaleska and Floyd, 1985). The relationship between iron and oxidant stress has led to the
hypothesis that in patients with Parkinson's disease, iron may contribute to neuronal cell death and tissue damage,
especially in the substantial nigra but also in the caudate putamen (Olanow et al., 1992). Thus, the dual nature of
iron dictates that it must be both available to cells and stringently regulated. Imbalance of iron or its regulatory
proteins in the brain could result in substantial damage to neurons and glia, leading to neurodegeneration and
neurologic dysfunction.

Investigators have found that in comparison with normal aged tissue, the transferrin concentration is
consistently lower, ferritin levels are either slightly lower or unchanged, and iron levels are elevated in tissues from
individuals
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with Alzheimer's disease (Connor et al., 1992). These obligations suggest the decreased mobility of iron and the
increased amount of iron stored per mole of ferritin. Such an increase in iron, even if it is stored in ferritin, could
increase the likelihood of iron-induced lipid peroxidative damage.

Perhaps most relevant to Alzheimer's disease and iron metabolism are reports of abnormalities in oxidative
metabolism in patients with Alzheimer's disease (Gibson and Peterson, 1981). A correlation between the cellular
and regional distributions of transferrin receptors and the levels of cytochrome oxidase activity in the brain
underscores the importance of iron and oxidative activity (Morris et al., 1992a, b). A recent report has shown a
loss of transferrin receptors in specific regions of the brain in patients with Alzheimer's disease, including the
hippocampus—an area where mitochondrial enzymes and metabolic activity are decreased in patients with
Alzheimer's disease (Gibson and Peterson, 1981; Kalaria et al., 1992). In addition, cholinergic neurotransmission, a
well-known defect in patients with Alzheimer's disease, is highly susceptible to impaired oxidative metabolism
(Blass and Gibson, 1991; Gibson and Peterson, 1981). This latter observation is particularly exciting in relation to a
report that transferrin receptor density is relatively high in the nucleus basalis of Meynert (Morris et al., 1989). The
demonstration that iron is also involved in the synthesis and degradation of fatty acids and cholesterol in the brain
may have direct relevance to a recent report that cholesterol concentrations are lower in brain regions known to
undergo the neurodegenerative changes mused by Alzheimer's disease (Mason et al., 1991).

Recently developed free-radical scavengers and specific iron chelators that cross the blood-brain barrier have
already been used as palliative agents in central nervous system trauma. Determination of the effectiveness of
these agents in treating Alzheimer's disease would augment existing data. An iron chelator (Desferal) has already
been used in a study to abate cognitive decline in patients with Alzheimer's disease (McLachlan et al., 1991).
Although the study was controversial in design and interpretation (among other concerns, the study was interpreted
to suggest that the effect was due to aluminum without considering the effect of iron), the investigative approach
involving iron or aluminum and iron chelation is worthy of pursuit.

Iron-regulatory proteins may also be involved in the development of Alzheimer's disease. Under physiologic
conditions, aluminum, which has been implicated in the pathogenesis of Alzheimer's disease, can be bound to
transferrin and transported (Aschner and Aschner, 1990; Roskams and Connor, 1990). Roskams and Connor
(1990) have shown that a transferrin-aluminum complex can bind to the transferrin receptor in the brain with
nearly the same affinity as a transferrin-iron complex. These data suggest that aluminum gains access to the brain
by utilizing the extant system for iron transport. Aluminum may also bind to ferritin in patients with Alzheimer's
disease, diminishing the ability of ferritin to bind and release iron, further leading to oxidative damage (Dedman et
al., 1992; Fleming and Joshi, 1987).
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Multiple Sclerosis

The key components necessary to regulate iron delivery, storage, and utilization are found in the highest
levels within one cell type in the brain: the oligodendrocyte. Oligodendrocytes are responsible for the production
and maintenance of myelin, processes that are disrupted in patients with multiple sclerosis (MS), the prototype of
demyelinating diseases. The cellular patterns for iron and transferrin are both altered around MS plaques. Iron is
found within MS plaques, and transferrin which normally should be located in oligodendrocytes, is found instead
in astrocytes surrounding MS plaques and in demyelinating areas in central pontine myelinolysis (Craelius et al.,
1982; Esiri et al., 1976; Gocht and Lohler, 1990). Recent magnetic resonance imaging data showing iron
accumulation in specific brain regions of patients with MS indicate a general disruption in iron regulation (Esiri et
al., 1976). Other demyelinating diseases, such as Pelizaeus-Merzbacher disease (reduced transferrin levels and
appearance of biochemically abnormal transferrin), progressive rubella panencephalitis (iron deposits in cells in
centrum ovale), and the demyelination associated with human immunodeficiency virus infection (siderotic
microglia in the demyelinated regions) all strongly indicate that iron homeostasis is disrupted at the cellular level
in patients with dysmyelinating disorders (Gelman et al., 1992; Jaeken et al., 1984; Koeppen et al., 1988; Valk,
1989).

The physiology of oligodendrocytes, including the mechanism for myelin production and maintenance, is
poorly understood. Although the cause and effect (demyelination) of MS are unknown, induction of oxidative
damage by iron has been implicated. In relation to dysmyelinating diseases, the iron-rich, lipidrich myelin tracts
could be a prime target for oxidative damage. Indeed, in an animal model of autoimmune demyelination, the
clinical and pathologic symptoms associated with experimental autoimmune neuritis can be reduced in the
presence of endogenously administered antioxidants (Hartung et al., 1988).
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D

Dietary Iron: Trends In The Iron Content Of Foods, Use Of
Supplemental Iron, And The Framework For Regulation Of

Iron In The Diet

Trends in the Iron Content of Foods and Consumption From Diet and the Use of
Supplements

Dietary Consumption Patterns

The foods that contribute most to dietary iron are grain products and meat, poultry, and fish (LSRO, 1989).
As shown in Figure D-l, the contribution from grain products has increased since estimates of specific food
contributions to the food supply were first made in 1909. The reasons for the increases are enrichment of white
flour with iron and other nutrients (since World War II) and the increased use of iron-fortified cereal products.

Data from several sources indicate that the levels of iron in the diets of infants and toddlers increased during
the 1970s and 1980s. Although data from the Total Diet Study, which provided reporting on the chemical analyses
of typical diets, showed no change from 1974 to 1982 (Table D-l) (Pennington et al., 1984), the average iron
intakes from four national surveys conducted from 1971 to 1986 indicate increases for children 1-2 and 3-5 years
of age (Table D-2) (LSRO, 1989).

For adult women, no change in the iron contents of typical diets (Table D-1) or intakes (Table D-2) during the
1970s and 1980s was observed.

Infant Cereals

Iron preparations that are soluble in water or in dilute acid (such as in the stomach) are generally of high
bioavailability, whereas forms of iron that are insoluble in water or dilute acid solutions are of low bioavailability
(Hurrell, 1992). Examples of iron salts that are freely soluble both in water and in dilute acid are ferrous sulfate,
ferrous ascorbate, ferrous gluconate, and ferric ammonium citrate. Examples of salts that are poorly soluble in
water but soluble in
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dilute acids are ferrous fumarate, ferrous succinate, and ferric saccharate. Many of the iron preparations commonly
used for food fortification are poorly soluble in water and poorly soluble in dilute acid (e.g., ferric pyrophosphate
and ferric orthophosphate, which were used in the past, and elemental iron powders of intermediate particle size).

Figure D-1
Major food sources of iron ha fine food supply.
Source: LSRO (1989).

In the presence of oxygen, water-soluble forms of iron react with various components of food to produce
oxidative rancidity. Such forms of iron can be used to fortify foods that can be packaged to limit prolonged
contact with oxygen (e.g., infant formulas). Dry cereals packaged in cardboard boxes (including cereals
specifically marketed for infants) permit exchange of air between package contents and the environment, and it is
therefore not feasible to fortify them with ferrous sulfate or with most other iron salts known to have good
bioavailability (Coccorilli et al., 1976; Hurrell, 1984). In the United States, most dry infant cereals are fortified
with a metallic iron powder, specifically, electrolytic iron.

The bioavailabilities of metallic iron powders are closely related to particle size and solubility (Björn-
Rasmussen et al., 1977). Metallic iron powders of extremely small particle size are readily soluble in dilute acid
(Björn-Rasmussen et al., 1977) and have good bioavailability (Björn-Rasmussen et al., 1977; Rios et al., 1975).
Unfortunately, the greater the solubility (and, presumably, the greater the bioavailability) of a metallic iron
powder, the greater its chemical reactivity and the less suitable it is for food fortification. Circumstantial evidence
has led several authors to conclude that electrolytic iron powder of the
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TABLE D-1 Iron Levels in Diets of Adult Males, Infant, and Toddlers

Iron Level (mg/day)

Diet and Year No. of Collections Mean Standard Deviation

Adult diets

1974 30 20.0ab 3.0

1975 20 18.0b 3.1

1976 20 18.2ab 3.1

1977 25 18.3ab 5.8

1978 20 17.9b 4.1

1979 20 18.3ab 4.2

1980 20 21.0a 5.1

1981-82 27 18.4ab 3.2

Infant diets

1975 10 7.4a 5.7

1976 10 7.3a 4.0

1977 12 6.8a 3.6

1978 10 4.7a 2.1

1979 10 9.6a 10.3

1980 10 10.2a 4.8

1981-82 13 9.5a 6.3

Toddler diets

1975 10 11.1a 3.8

1975 10 10.1a 3.2

1977 12 8.5a 2.6

1978 10 7.7a 2.3

1979 10 11.9a 11.5

1980 10 9.1a 12.0

1981-1982 13 9.0a 1.7

NOTE: Mean values within each diet category with the same superscript are not significantly different. Adult diets are based on 2, 850
kcal/day. Infant (6 months) diets are based on 880 kcal/day. Toddler (2 years) diets are based on 1,300 kcal/day.
SOURCE: Pennington et al. (1984).
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TABLE D-2 Mean Iron Intake by Sex and Age in 1 day from NHANES I and II, NFCS, and CSFII

Iron Intake (mg)a

NHANES I
1971-1974

NFCS
1977-1978

NHANES II
1976-1980

CSFII
1985-1986

Sex and
Age (yr)

Mean SEM Mean SEM Mean SEM Mean SEM

Both sexes

1-2 7.35 0.16 8.1 0.16 8.57 0.13 10.2 0.51

3-5 8.58 0.11 9.5 0.12 10.02 0.09 11.0 0.34

6-11 10.81 0.17 12.2 0.12 12.34 0.31 — —

Male

12-15 14.13 0.42 15.6 0.20 16.01 0.45 — —

16-19 16.70 0.51 16.9 0.26 18.15 0.60 — —

20-29b 16.55 0.40 16.2 0.23 17.59 0.45 16.7 0.79

30-39b 16.54 0.48 15.9 0.21 16.48 0.49 15.6 0.70

40-49b 15.26 0.42 16.1 0.24 16.58 0.53 15.6 0.81

50-59 13.85 0.38 15.9 0.23 15.21 0.43 — —

60-69 13.08 0.18 14.9 0.25 14.73 0.20 — —

70+c 11.68 0.16 14.2 0.28 13.24 0.29 — —

Female

12-15 10.44 0.28 11.9 0.21 10.71 0.32 — —

16-19b 54 0.30 11.2 0.20 10.04 0.34 — —

20-29b 10.06 0.13 10.7 0.17 10.67 0.23 11.1 0.27

30-39b 10.36 0.14 11.1 0.15 11.08 0.31 11.1 0.26

40-49 10.40 0.18 11.0 0.14 11.10 0.34 10.6 0.22

50-59 10. 15 0.28 11.5 0.17 10.30 0.30 — —

60-69 9.53 0.14 11.0 0.15 10.53 0.13 — —

70+c 8.63 0.13 10.4 0.16 10.18 0.22 — —

a SEM is standard error of the mean, NHANES I and II are the first and second national Health and Nutrition Examination Surveys, NFCS
is the Nationwide Food Consumption Survey, and CSFII is the Continuing Survey of Food Intakes of Individuals.
b Data from CSFII are for 1985 only.
c Ages 70-74 years only for NHANES I and NHANES II.
SOURCE: LSRO (1989).
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particle size currently used to fortify infant cereals in the United States is of low bioavailability (Fomon,
1987; Hurrell, 1984; Hurrell et al., 1989). A similar conclusion was reached by Hallberg et al. (1986) for another
metallic iron powder with similar solubility.

Infant cereals fortified with electrolytic iron powder are among the first breakfast items introduced into the
infant's diet. A large study carried out in Chile (Walter et al., 1993) demonstrated that feeding of infant cereal
fortified with electrolytic iron powder can exert a favorable effect on iron nutritional status; at an intake level of
26-30 g of iron per day, fortified cereal was slightly but not significantly less effective in preventing iron
deficiency anemia than iron-fortified infant formula. Whether the much lower intakes of cereal likely to be fed to
infants in the United States (mean consumption for 73 percent of 6- to 12-month-old infants was 19 g/day in one
infant nutrition survey [Gerber Products Company, 1989]) would contribute substantially to meeting infants' needs
for absorbed iron is unknown. Findings from a recent, as yet unpublished Canadian study indicate that fortified
cereal is effective in meeting the iron needs of infants; intake of cereal was about 33 g/day for 6- to 12-month-old
infants (Beaton et al., in press).

Potential Role Of Meat In Meeting Infants' Need For Absorbed Iron

The potential role of meat in the diets of older infants and preschool-age children is based on its contribution
of heme iron and on the enhancing effect of meat on absorption of non-heme iron. Studies of iron absorption from
meals indicate that adults with moderate iron stores (500 mg) generally absorb less than 5 percent of dietary non-
heme iron and about 25 percent of dietary heme iron (Monsen et al., 1978). Although heme iron provides only 5 to
10 percent of the iron in the adult Western diet, it accounts for more than one-third of the absorbed iron (Cook,
1983).

The iron content of cooked beef generally ranges from 2.0 to 3.0 mg/100 g (Pennington, 1989). Assuming
that heme iron makes up about 70 percent of the iron present in cooked beef (the heme content of raw beef has
been reported by Hazell [1982] to be 78 percent of total iron and by Schricker and colleagues [1982] to be 62
percent of total iron; little heme iron is likely to be destroyed by cooking), 100 g of cooked beef provides about
1.75 mg of heme iron. Thus, with 25 percent absorption, consumption of 30 g of cooked beef per day by an infant
or preschool-age child might result in absorption of 0.13 mg of heme iron per day (1.75 mg/100 g × 30 g × 0.25).
In addition, the presence of meat in the meal would enhance absorption of non-heme iron from meat and other
foods in the meal. The effect of animal tissue protein on absorption of non-heme iron is dose related, with 1 g of
meat exerting about the same enhancing effect as 1 mg of ascorbic acid (Cook, 1983). Therefore, an intake of 30 g
of meat would be expected to exert a major effect on total iron absorption.
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Use of Supplemental Iron Products

Supplement use has been assessed by three national surveys conducted between 1971 and 1986. The first
National Health and Nutrition Examination Survey (NHANES I), conducted from 1971 to 1974, found that 23
percent of U.S. adults took supplements daily (Block et al., 1988). A special survey conducted by the U.S. Food
and Drug Administration (FDA) in 1980 found that about 40 percent of adults reported using a vitamin or mineral
product regularly (Stewart et al., 1985). In the 1986 National Health Interview Survey, investigators conducted
detailed interviews and found that 36 percent of adults took a vitamin-mineral supplement (Moss et al., 1989). The
survey found that 24.5 percent of women 18-44 years of age reported using a supplement containing iron, and the
median average daily intake of iron was 100 percent of the Recommended Dietary Allowance (RDA). The
estimated 90th percentile of intake from supplements was 247 percent of the RDA, and the 95th percentile of
intake was 345 percent of the RDA. In further analysis of this survey, Looker and colleagues (1990) reported that
iron supplement use among women 18 to 44 years of age was highest for whites (26 percent) and lower for blacks
(15 percent) and Hispanics (16 percent).

Regulatory Framework For Iron Enrichment And Fortification

Iron in various forms is used for both enrichment and fortification of food products. FDA currently allows
added iron compounds to be used as a nutrient or flavoring in food products. The FDA currently certifies 16 types
of iron for use as a nutrient or flavor (Table D-3).

Current food industry practice for iron fortification and enrichment of food varies. By regulation (21 CFR
§107.100), iron-fortified infant formula must contain between 0.15 and 3.0 mg of iron per 100 kcal of formula.
Infant cereals and foods generally use electrolytic iron (dry cereals) and ferrous surf ate (jarred, ready-to-eat
[RTE] infant cereals) and provide approximately 45 percent of the U.S. Recommended Daily Allowance (U.S.
RDA) for infants per serving.

RTE breakfast cereals are generally fortified with reduced iron, the particle size of which is controlled. Many
products also contain supplemental ascorbic acid (vitamin C). RTE breakfast cereals generally supply 10 to 100
percent of the U.S. RDA for iron per serving, but most, on the average, contain between 25 and 45 percent of the
U.S. RDA for iron per serving. Forty-five percent of the U.S. RDA is the minimum amount of iron per serving
required for an RTE breakfast cereal to be approved for use with the Special Supplemental Food Program for
Women, Infants, and Children (WIC).
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TABLE D-3 Iron Compounds Certified for Use in Foods

Compound 21 CFR §a Useb

Ferric:

Ammonium citrate 184.1296 N

Chloride 184.1297 F, other

Citrate 184.1298 N

Phosphate 182.5301/184.1301 N

Pyrophosphate 182.5304/184.1304 N

Sulfate 184.1307 F

Sodium pyrophosphate 182.5306 DS

Ferrous:

Ascorbate 184.1307a N

Carbonate 184.1307b N

Citrate 184.1307c N

Fumarate 184.1307d N

Gluconate 182.5308/184.1308 N

Lactate 182.5311/184.1311 N

Sulfate 182.5315/184.1315 N

Reduced iron (elemental iron; electrolytic or carbonyl) 182.5375/184.1375 N

Iron-choline citrate complex 172.370 N, DS

a Citations from Section 182 are generally recognized as safe (GRAS) for use in dietary supplements (pills); citations from Section 184 are
GRAS and are affirmed for use in foods.
b DS, dietary supplement; F, flavor; N, nutrient.
SOURCE: 21 CFR (1992). (Additional information was obtained from personal communication with George Pauli, Center for Food Safety and
Applied Nutrition, FDA, May 1993.)

Food companies began to enrich milled grain products in the late 1940s. Enrichment of flour and other grain
products with iron (and thiamin, riboflavin, and niacin) began as a mechanism to reduce disease and conditions of
nutrient deficiency. Over the years, this public intervention has been remarkably effective and efficient for
enhancing the nutrient quality of the food supply. The most common types of iron used to fortify flour and other
grain products are hydrogen-reduced elemental iron (cereals, rice, flours) and ferrous sulfate (pasta).

At present, a significant amount of research is being conducted to evaluate ways to increase iron intake. Many
new iron compounds for use in fortification and enrichment are being evaluated. The problem is that the
bioavailability of iron compounds is generally inversely related to their reactivities in foods. Thus, the most readily
available forms tend to discolor food and catalyze fat oxidation. Other approaches involve the addition of
substances to foods that increase iron absorption from the gut (i.e., ascorbic acid or meat). More research is being
conducted on the precise component of meat that influences iron absorption. In projects in developing countries,
iron-EDTA is being evalu
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ated as a vehicle for delivering iron. In Sweden, ferrous ammonium phosphate is being studied for use in foods.
New food labeling regulations required by the Nutrition Labeling and Education Act of 1990 (P.L. 101-535)

have implications for iron-enriched and fortified food products. The law and implementing regulations change
both the legal status and the expression of iron on the food label. Past regulations required a listing of iron content
only if it was added to a food or if a claim was made about its content. New serving sizes for RTE breakfast
cereals may require additional consumer education to inform consumers about the amount of iron in a serving and
may force some product reformulation for the cereals to continue to be certified for use with the WIC program.
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