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ABOUT INACG
The purpose of the International Nutritional Anemia Consultative Group (INACG) is to
guide international activities aimed at reducing iron deficiency anemia (IDA) and other
nutritionally preventable anemias worldwide.  In fulfilling this mandate, INACG
sponsors scientific reviews and convenes task force groups to analyze issues related to
the etiology, treatment, and prevention of ID and IDA.  INACG publishes guidelines and
recommendations based on the work of these task force groups.  Examination of these
issues is important for the establishment of public policy and action programs.

INACG Publications
Iron Deficiency Anemia: Reexamining the Nature and Magnitude of the Public Health Problem
(J Nutr Suppl 2001)
Safety of Iron Supplementation Programs in Malaria-endemic Regions (1999)
Guidelines for the Use of Iron Supplements to Prevent and Treat Iron Deficiency Anemia (1998)
The Effects of Iron Deficiency and Anemia on Mental and Motor Performance, Educational
Achievement, and Behavior in Children - An Annotated Bibliography (1998)
Iron/Multi-Micronutrient Supplements for Young Children (1997)
The Oxford Brief - Child Development and Iron Deficiency (1997)
Iron EDTA for Food Fortification (Fact Sheet) (1997)
Iron EDTA for Food Fortification (1993)
Combating Iron Deficiency Anemia through Food Fortification Technology: An Action Plan
(1992)
Lutte Contre l’Anémie Ferriprive par la Technologie de Fortification Alimentaire (1992)
Lucha Contra la Anemia por Deficiencia de Hierro Mediante Tecnología de Fortificatión de
Alimentos (1992)
Guidelines for the Control of Maternal Nutritional Anemia (1989)
Lutte Contre l’Anémie Nutritionnelle Chez la Mere: Quelques Conseils (1990)
Pautas para el Control de la Anemia Nutricional en el Embarazo (1990)
La Lutte Contre la Carence en Fer: Etude de Cas Réalisé au Chili (1987)
Prevención de la Deficiencia de Hierro: La Experiencia de Chile (1987)
Measurements of Iron Status (1985)
Design and Analysis of Iron Supplementation Trials (1984)
Iron Deficiency in Women (1981)
Carence en Fer Chez la Femme (1983)
Deficiencia de Hierro en la Mujer (1985)
Iron Deficiency and Work Performance (1981)
Iron Deficiency in Infancy and Childhood (1979)
La Carence en Fer Chez le Nourrisson et Chez l’Enfant (1985)
Deficiencia de Hierro en la Infancia y la Niñez (1985)
Guidelines for the Eradication of Iron Deficiency Anemia (1977)
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PROGRAM AT A GLANCE

2001 INACG Symposium
THURSDAY FRIDAY
15 FEBRUARY 16 FEBRUARY

0800-0900
Registration/Exhibits open

0900-1000
Developments in
Assessment of Iron Status

1000-1030
Break and Poster Viewing

1030-1130
Prevention and Cure
through Parasite Control
Programs

1130–1230
What to Do about Iron
Deficiency:
• Supplementation

1230-1430
Lunch and Poster Viewing

1430–1630
What to Do about Iron
Deficiency (continued):
• Fortification

Closing Remarks

1600-1800 1630
Registration for INACG End of INACG’s Formal
Symposium Sessions

Set up Friday’s posters Remove Posters and Exhibits
Set up INACG Exhibits

1900-2100
INACG Symposium Opening
Session

Keynote Address

Why Iron is Important:
Functional Outcomes of
Iron Deficiency/Iron
Deficiency Anemia



2001 INACG SYMPOSIUM 7

INACG Symposium Program

15-16 February 2001

Thursday, 15 February 2001

1600-1800 Registration
Set up for Friday’s posters
Set up for exhibits

1900 Opening Session
Co-Chairs: Dr. Lena Davidsson, Prof. Ha Huy Khoi

Welcome
Dr. Lena Davidsson

Opening Remarks
Dr. Frances Davidson

1915 Keynote Address: Iron Deficiency/Iron Deficiency Anemia as a Public
Health Problem in Developing Countries – Issues and Challenges for
Policy Makers, Program Managers, and Scientists

Dr. Julia Tagwireyi

1945 Why Iron Is Important – Functional Outcomes of Iron Deficiency/ Iron
Deficiency Anemia

1945 Pregnancy Outcome
Dr. George Beaton

2005 Impact of Iron Deficiency/Iron Deficiency Anemia on Infant Behavior and
Development

Dr. Betsy Lozoff

2025 Discussion

2100 End of day’s formal sessions

Friday, 16 February 2001

0800 Registration / Exhibits open

0900 Developments in Assessment of Iron Status
Chair: Dr. Sean Lynch

0900 Epidemiological Assessment of Iron Status
Dr. James Cook

0930 Discussion

1000 Break and Poster Viewing
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Friday, 16 February 2001 (continued)

1030 Prevention and Cure Through Parasite Control Programs
Chair: Dr. Rebecca Stoltzfus

1030 Malaria
Dr. Malcolm Molyneux

1050 Helminths
Dr. Lesley Drake

1110 Discussion

1130 What to Do About Iron Deficiency–Supplementation
Chair: Dr. John Beard

1130 Iron Supplementation During Pregnancy and Lactation
Dr. George Beaton

1150 Multi-Micronutrient Supplements
Dr. Werner Schultink

1200 Discussion

1230 Lunch and Poster Viewing/Guided Tours of Selected Posters

1430 What to Do About Iron Deficiency–Food Fortification
Chair: Dr. Lena Davidsson

1440 Food Fortification–An Overview
Dr. Richard Hurrell

1500 Panel Discussion of Ongoing Food Fortification Programs
Dr. Penelope Nestel
Dr. Pham Van Thuy
Dr. Eva Hertrampf
Dr. Stanley Zlotkin

1520 Discussion

1600 Closing Remarks
Dr. Lena Davidsson

End of INACG’s formal sessions

1630 Remove posters and exhibits
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All contents and
ideas presented in
these papers are the
work of the authors
and do not
necessarily reflect
those of INACG,
USAID or the
International Life
Sciences Institute.

2001 INACG Symposium, 15-16 February, Hanoi, Vietnam

International Nutritional Anemia Consultative Group

� losses of iron due to parasite infections.
Compounding the negative effects of these
conditions is the fact that they often coexist.
The consequences of IDA are serious and can
include diminished intellectual and
productive capacity and increased
susceptibility to infections. A recent analysis
of the economic consequences of IDA
estimated productivity losses to be 0.9% of
the Gross Domestic Product (GDP) in
developing countries (Ross and Horton
1998).

Current approaches to controlling ID and
IDA include promoting the increased intake
of foods rich in bioavailable iron or factors
that enhance the bioavailability of iron, food
fortification, supplementation, and the
control of parasitic infections. These
approaches, however, are often constrained
because food security initiatives focus on
macronutrients and micronutrients such as
iron are often forgotten. Policies,
institutional frameworks, or comprehensive
national strategies that address
micronutrients often do not exist. Also,
leadership to manage the programs for
reducing nutritional anemias and to be held
accountable for their success is frequently
lacking. In addition, scientists, policy
makers, and program managers are not
cooperating effectively to resolve problems at
the operational level. As a result, inadequate
training and attention has been given to
translating scientific discovery and current
knowledge about ID and IDA into effective
program action.

Effective nutritional anemia control
programs require a comprehensive advocacy
strategy that targets policy makers, program
planners (including economists), and
recipients to deliver clear messages that
motivate behavior change. Monitoring
program quality and effectiveness is another
critical component of successful public
health programs. However, developing
countries often lack the resources needed for

During the welcoming address of the 2001
INACG Symposium, Dr. Lena Davidsson,
chair of the INACG Steering Committee,
stressed the importance of designing effective
strategies to combat the negative
consequences of iron deficiency anemia,
which are major public health problems. Dr.
Frances Davidson, INACG secretary,
reiterated the commitment that the U.S.
Agency for International Development has to
improving the iron status of women and
children in developing countries. Dr.
Davidson emphasized that iron deficiency is
the world’s most prevalent micronutrient
deficiency, yet little attention has been given
to preventing and combating iron deficiency
and iron deficiency anemia. She was pleased
that the interest in iron deficiency is
growing and that a constituency is beginning
to form around iron, much like the
constituency that vitamin A has benefited
from.

Introduction

Keynote Address: Iron Deficiency
Anemia As A Public Health Problem

Ms. Julia Tagwireyi, Head of the Nutrition
Unit, Ministry of Health and Child Services,
Harare, Zimbabwe, discussed issues and
challenges for policy makers, program
managers, and scientists in implementing
programs to reduce the prevalence of iron
deficiency (ID) and iron deficiency anemia
(IDA). ID is the most prevalent micronutrient
disorder in the world, and extrapolating
from 1985 data, IDA affects as many as 600
to 800 million people (Ross and Horton
1998). Women of reproductive age, preschool
children, and adolescent girls are affected
most, but other groups, including men, are
not exempt from risk.

The main causes of iron deficiency are:
� a diet deficient in bioavailable iron
� increased requirements for iron, e.g.,

during pregnancy
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monitoring and evaluating supplementation
and food fortification programs. In addition,
key elements in planning food fortification
programs, such as food consumption data
are often incomplete.

Effective action to control iron deficiency has
been problematic in part because nutrition
and health issues have been sidelined on the
development agenda. Moreover, ID and IDA
have been approached mainly from a medical
perspective and key players from other
development sectors, whose active
participation could aid in alleviating the
problem, have been excluded. For example,
the effectiveness of parasite control
programs to alleviate anemia has been
limited by the lack of integration with
nutrition interventions such as the delivery
of iron supplements, which has been
confined to the health sector. As public sector
health resources diminish, iron supplements,
and even paracetamol, have become scarce in
government clinics. Alternative delivery
systems supported by institutional
frameworks must be sought if they are to
become sustainable. Also, involving non-
medical specialists, such as economists, is
critical to influencing and changing the
behavior of policy makers who will make
decisions regarding the control of ID and
IDA.

Controlling ID and IDA poses many
challenges, for example, the increasing rate
of poverty, which further reduces the options
available to poor people acquiring their basic
nutrition requirements. Poverty also limits a
nation’s capacity to implement and improve
the existing food, nutrition, and health
programs. HIV-AIDS poses another
challenge, especially in sub-Saharan Africa.
The effect on nutritional status or the
implications for case management if iron
supplementation potentially exacerbates the
problem of opportunistic infections cannot be
ignored. Additionally, because women
produce 60% of the food in Africa, a
reduction in their work capacity will
compromise food security for all.

To overcome these challenges the following
action is needed:

� promote optimal nutrition in the wake
of increasing poverty and HIV/AIDS

� improve the effectiveness of current
strategies in the wake of deteriorating
infrastructure, diminishing access to
resources, and inadequate human
capacity

� identify alternative delivery systems
that engage communities and do not rely
on the health sector alone.

Iron deficiency anemia is not only a public
health problem, but also a development
problem. Its prevention and reduction must
be viewed as investment in human capital
that will enhance development and reduce
poverty. To control nutritional anemia,
developing countries should:
� Establish policy and institutional

frameworks that embrace a multi-sector
approach

� Develop strategic alliances and
partnerships with key stakeholders in
the public and private sectors and define
their roles and accountability in the
control of iron deficiency anemia

� Adopt a lifecycle approach to controlling
ID and IDA that includes the promotion
of optimal nutrition

� Improve ID and IDA prevention and
reduction programs’ effectiveness by
identifying existing constraints and
addressing them

� Develop a behavior change strategy
targeted to policy makers and program
managers, so that they respond to
strategies for reducing anemia and to
communities to empower them to act on
their problem

� Strengthen and develop the human
capacity to effectively implement the
plethora of interventions that are needed
to control iron deficiency anemia.

It is scandalous that iron deficiency anemia
continues unabated despite knowledge of
reliable measures to prevent and manage it
effectively. Its existence must no longer be
tolerated; the challenges are many, but
something can and must be done with the
existing body of knowledge.
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WHY IRON IS IMPORTANT

Functional Outcomes of Iron Deficiency and Iron Deficiency Anemia in
Pregnancy and Beyond

relationships to iron deficiency. He strongly
challenged the accepted nutritional dogma
that portrayed maternal mortality (and low
birth weight) as a risk of iron deficiency and
mild anemia. At that same meeting, van den
Broek and Letsky (van den Broek and Letsky
2000) demonstrated that among 150
pregnant women in south Malawi, with
moderate or severe anemia, only 53%
showed biochemical evidence of any iron
deficiency, with or without other
micronutrient deficiencies; 26% were not
deficient in iron but showed evidence of one
or more other micronutrient deficiencies;
19% showed no evidence of any
micronutrient deficiency that was examined.
These were studies of association without
inference of causation. The authors (van den
Broek and Letsky 2000) suggested that
chronic inflammation was likely to have
been an important cause of anemia in these
women. Again in that meeting, Beaton
(Beaton 2000) pointed out that the existing
World Health Organization (WHO) criteria of
anemia in pregnancy appeared to reflect the
maximal hemoglobin levels that could be
achieved among healthy, iron-supplemented
women in the industrialized world. He noted
also that the WHO criteria did not reflect the
well-documented changes in hemoglobin that
occur during pregnancy as documented by R.
Yip (Centers for Disease Control and
Prevention 1989). Beaton emphasized the
absence of functional evidence to support the
WHO criteria. In fact, he noted that setting
out to achieve the WHO target hemoglobin
levels instead of preventing moderate anemia
might double the level of the dietary iron
requirement, leading to the immediate
conclusion that pharmaceutical
supplementation is mandatory. The
implications for programming seem obvious.

A more recent INACG/WHO meeting at the
Belmont House near Baltimore, Maryland,
USA (Beard and Stoltfuz 2001), convened a
group of experts to review specific areas of

Dr. George Beaton, University of Toronto,
Ontario, Canada, discussed the evidence of a
causal relationship between iron deficiency
(ID) and iron deficiency anemia (IDA) and
maternal mortality, maternal morbidity, as
well as pregnancy outcome.

Background

Much has been written about the
consequences of iron deficiency and the
presumed functional benefits of intervention.
Some work cited in advocacy statements is
very new; much is quite old. And, like so
much else in nutrition, much information,
because we have heard it so often, is accepted
as valid without critical examination. In
recent years however, we have been
challenged to reappraise the actual problems
we are trying to address with our
interventions. Here we will examine the
effects of ID and IDA, not only in pregnancy,
but also beyond, to emphasize the need for
careful and critical reassessment of the
actual public health problems and what
might be expected from iron
supplementation.

The Unfolding Story

The beginning of the reevaluation of anemia
in pregnancy is difficult to identify. There
were major transatlantic disputes in the
1960s about functional effects of anemia in
pregnancy and desirable target hemoglobin
concentrations, but these gradually subsided.
Since then, single questioning voices have
been heard periodically. A clear and salient
marker of the current plea for reexamination
of evidence and reconsideration of
assumptions was the review of anemia and
maternal mortality and pregnancy outcomes
by Dr. David Rush, which was featured in a
1998 OMNI Research meeting (Rush 2000).
Rush found evidence of relationships between
severe anemia and mortality but not
evidence that established the direction of the
association or specifically linked the
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function that have been alleged to be
associated with iron deficiency. The areas of
function examined included:
� maternal mortality
� birth weight and perinatal mortality
� immunity and infectious disease
� child mortality
� cognitive development
� work capacity and performance.
For each area, the reviewers were asked to
address three questions:
a) Is there clear evidence of an association

between the area of function and
anemia?

b) If so, at what level of severity of anemia
can the association be demonstrated?

c) Is there evidence that the function is
explicitly linked to iron deficiency rather
than to the anemia regardless of cause?

The group agreed that for work capacity and
performance and child development
(formerly identified as cognitive
development), the evidence was convincing
for a causal association between severe
anemia and function. The associations
appeared to extend through at least moderate
anemia.1 There were hints, but not clear
evidence, that the associations might extend
into the range of mild anemia. Estimating
the possible effects of mild anemia on human
behaviors (child development or work
performance and endurance) was extremely
difficult because many other variables (for
example, social factors) are known to
influence the outcome measures and
confound analyses.

In examining maternal and child mortality
and infectious disease, there was strong
evidence of an association between severe
anemia and the outcome measure. However,
evidence pertaining to the direction of
causality was inconsistent and inconclusive.
Conclusions drawn depended more on
judgment and opinion than firm evidence.
The evidence relating these outcomes to ID
per se was even more tenuous.

In the examination of reported associations
between anemia and birth weight,
prematurity, and perinatal mortality, it was
concluded that available evidence was
unconvincing because of limitations of the
design of reported studies. Although an
association with severe anemia and these
outcomes seemed consistent, there was no
evidence to attribute this association to iron
deficiency. The reviewer concluded that
available evidence from this set of pregnancy
outcomes was insufficient to either accept or
refute the widely hypothesized associations
of birth weight, prematurity, and perinatal
mortality with iron deficiency.

Where does that leave scientists studying the
evidence? Evidence exists that shows where
severe, and perhaps moderate anemia are
prevalent, there are likely to be functional
associates that should be of public health
concern. However, with the exception of
work capacity and performance and
cognitive development, scientists cannot be
sure of the direction of causation. Even for
these two areas, whether iron deficiency is a
direct associate of function or a contributing
cause of anemia, although the former would
seem logical on the basis of present biological
knowledge, is not certain. For the other
areas of function, evidence exists that shows
only that impairment is more likely to be
seen among individuals with severe and
possibly, moderately severe anemia.

When Beaton and McCabe (Beaton and
McCabe 2002) conducted their comparative
analysis of daily and intermittent iron
supplementation, both were found to be
efficacious but, perhaps more importantly,
even in these field research studies where
motivation to comply would be expected to
be higher than in operational programs, the
authors concluded that neither route of
administration appeared very effective. In a
substantial number of these trials, the
prevalence of anemia remained in the WHO-
defined range of a major public health
problem at the end of the trials. It has been
repeatedly reported for operational

1   In this section of the report, severe anemia in pregnant women is defined as hemoglobin below 70 g/L; moderately severe anemia is
defined as hemoglobin between 90 and 70 g/L; mild anemia is defined as hemoglobin between 110 and 90 g/L.
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programs: iron supplementation doesn’t
work. Program failure is often attributed to
inadequate infrastructure and/or poor
compliance. Beaton challenges those
assumptions as the main explanation for
program failure. Instead, he suggests that
existing programs might be more effective
than previously thought and the problem is
two-fold:
1) inappropriate and unnecessarily high,

perhaps unachievable, targets have been
adopted

2) the assumption that a primary iron
deficiency exists may be incorrect in
many field situations.

On the issue of international goals, it was
noted above that the criteria of anemia in
pregnancy were set on grounds that cannot
be defended as functionally essential. The
reviews at the Belmont meeting (Beard and
Stoltfuz 2001) support that conclusion; for
pregnancy at least, it appears that there is
no demonstrable benefit in reducing the
prevalence of mild anemia while there would
be an expected (albeit not established) benefit
of controlling severe and perhaps moderate
anemia of all causes. As Table 1 illustrates
for the pregnancy trials examined by Beaton
and McCabe (Beaton and McCabe 2002), the
inference of success or failure would be very
different if the goal was seen as control of
moderate anemia (Hb <90 g/L) instead of
control of mild anemia as defined by the
existing WHO criteria (Hb <110 g/L). Is it
possible then that existing programs are
much more effective than previously
concluded? It is difficult to know since few
reports include estimates of the prevalence of
moderate anemia or provide information
about effects on the distribution of
hemoglobin levels.

Van den Broek and Letsky (van den Broek
and Letsky 2000) suggested that among
anemic, pregnant women in south Malawi,
only 53% showed biochemical evidence of
iron deficiency. That is the maximum
proportion of people among whom anemia
could be expected to respond to the
administration of iron. For those
supplementation research studies examined

by Beaton and McCabe that included a
control group (none of the pregnancy studies
included a control group) it is possible to
derive a crude estimate of the proportion of
anemia that was attributable to iron
deficiency seen by a response to iron-folate
supplementation. The derived estimates are
shown in Table 2.

It can be shown that the van den Broek and
Letsky (van den Broek and Letsky 2000)
data would overestimate the proportion of
the initial anemia attributable to iron
deficiency since they demonstrated
coexistence not causation. The estimates
derived from Beaton and McCabe (Beaton and
McCabe 2002) are likely to be
underestimates of the attributable

Table 1.  Impact of criterion of anemia on the
apparent prevalence of anemia and success of daily
iron supplementation during pregnancy.

Prevalence of Anemia
during pregnancy

Criterion of Anemia Baseline Post Intervention

Mild Anemia*  <110 g/L  39 %  32.3 %
Moderate Anemia*  < 90 g /L  6.7 %  3.1 %

Pooled data from 4 studies,n = 750
Derived from Beaton and McCabe (Beaton  and McCabe 2002)
*WHO criteria from Stoltzfus (Stoltzfus and Dreyfuss 1998)

Table 2.  Estimated proportion of anemia attributable
to iron deficiency.

Location Age Group Estimated Attribution

Baroda Adolescents 26 %
Bombay Adolescents 55 %
Delhi Adolescents 41 %
East Jakarta Adolescents 63 %
La Paz School children 84 %
Mali Adolescents 21 %
Peru School children 52 %
Sri Lanka Adolescents 36 %
Vietnam Preschool children 85 %

Derived from Beaton and McCabe (Beaton  and McCabe 2002) including only studies that had a control
group. None of the pregnancy studies included control groups.
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proportion simply because they were finite
in duration—continuation for longer times
might have resulted in greater response.
Nevertheless, the main conclusion seems
clear: A considerable proportion of the
observed anemia is not likely to be
responsive to iron alone or iron-folate. If
control of anemia is the real objective of
public health programs, then the need for
more comprehensive approaches must be
considered. The problem can no longer be
seen as being one of only iron deficiency
anemia. There is no question that iron
deficiency is a major contributor to anemia
and its functional consequences, but it is not
the only contributor and may not be the
most limiting factor in all situations.

Suggested Implications

In the closing discussions of the Belmont
meeting (Beard and Stoltzfus, 2001), de
Benoist commented (page 701s), “The
problem with iron deficiency is that first we
have to demonstrate that it is a public health
problem.” In that same discussion, Habicht
commented (page 701s), “[The major
contribution of this meeting is that] this is
the first time we sat down and looked at the
functional outcomes.” Together, these
comments summarize the current situation
regarding iron deficiency and anemia. We
must therefore take the time and effort to
define explicitly, in functional terms, the
precise problem to be addressed and the
actual expectations for intervention
programs. David Rush (Rush 2000) deserves
much credit for raising the issue of the need
for revised thinking about iron deficiency
and anemia to a level that demands
attention. The impact of this revised
thinking on the definition of the public
health problem and possible strategies to
alleviate it was exemplified in a recent
meeting in Bangladesh (Boy Gallego 2000),
which arose from Rush’s arguments.

These considerations have major import in
the setting of national and international
targets and goals for control of anemia
prevalence, if indeed the setting of goals is
accepted as desirable (United Nations ACC/
Subcommittee on Nutrition 2001). The

questions that have arisen in the recent
revaluations of accepted dogma also carry
obvious implications for future research
needs and for the future role of INACG. That
consultative group is well positioned to
accept and fulfill a major role in a careful,
objective re-evaluation of function-based
criteria for the definition of anemia and
“diagnosis” of problems in the field as a basis
for the design and evaluation of operational
programs.

Unless and until this reevaluation is done,
iron deficiency anemia is unlikely to attract
major attention among donors and national
ministries of health. There is an urgent need
for rethinking.

Discussion

In answering questions from the audience,
Dr. Beaton confirmed his suggestion that no
more than half of all anemias in the world
are actually due to iron deficiency. Dr. Mary
Cogswell, U.S. Centers for Disease Control
and Prevention, emphasized the need to
think of anemia in terms of the timing and
duration during pregnancy. Some women in
intervention trials may be identified and
supplemented after a very short period of
anemia, while others may be in an anemic
state for a much longer period of time before
being supplemented. These differences in
“exposure” to anemia will confound the
interpretation of any apparent effects of iron
supplementation.

Dr. Cogswell stated that timing in relation to
fetal growth might also be important. Fetal
length increases most rapidly at the end of
the first trimester, while fetal weight
increases most rapidly at the end of the
second trimester. Two poster presentations
(#7 and #8) at the 2001 INACG Symposium
reported results from a randomized,
controlled trial of iron supplementation to
non-anemic, iron-replete women. The
findings highlight the importance of
adequate iron stores early in pregnancy and
adequate iron intake during pregnancy to
prevent adverse birth outcomes.

Dr. Beaton reminded the audience that the
timing of hemoglobin measurements is
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poorly controlled in most reported studies.
This is a major problem because of the
known physiological variation in
hemoglobin levels during pregnancy. A
review of 23 interventions by Rasmussen
(Rasmussen 2001) failed to document a
causal association between maternal
hemoglobin and birth weight or a specific
association with iron deficiency anemia. She
noted that there was an inherent design bias
in these studies against finding a positive
result. Therefore, one could not rule out such
a relationship.

Dr. Bernard Brabin, Liverpool School of
Tropical Medicine, offered his view that fetal
anemia is common in many sub-Saharan
African countries, even when the mother is
not severely anemic. Cross-sectional studies
in developing countries show a significant
correlation between maternal and fetal
(measured using cord blood) hemoglobin
levels. Verhoeff and her colleagues in Malawi
(Verhoeff 1999a) have demonstrated that
fetal anemia (based on cord blood
measurement) is related to seasonal patterns
of malaria that effect maternal hemoglobin
at delivery and maternal iron status. There
is a relationship between maternal anemia
and anemia in the infant at birth. Verhoeff et
al. (Verhoeff 1999b) also found a clear
correlation between cord blood hemoglobin,
infant birth hemoglobin and risk of anemia
at six months of age. Dr. Brabin suggested
that fetal anemia and iron deficiency at birth
could have important effects on early mental
development.

Impact of Iron Deficiency and Iron
Deficiency Anemia on Infant
Behavior and Development

Dr. Betsy Lozoff, Center for Human Growth
and Development, University of Michigan,
Ann Arbor, USA, discussed the effect of iron
deficiency (ID) and iron deficiency anemia
(IDA) in early life on behavior and
development. Studies contrasting infants
with iron-deficiency anemia to a comparison
group generally find lower mental and
motor test scores and other behavioral
differences in the iron-deficient anemic
subjects. Results after iron therapy vary, and

only one study showed complete correction
of test score differences in infancy. Most
studies report persistent differences, even in
the long-term.

The longest follow-up study, done in Costa
Rica (Lozoff et al. 2000), reevaluated 87% of
the original 191 children who had been
tested and treated in infancy for iron
deficiency (defined as a low ferritin level and
1 other abnormal iron measure) at 11-14
years of age (average age = 12.3 years).
Those who had chronic, severe iron
deficiency in infancy (n = 48) were
compared with those who had good iron
status before and/or after iron therapy in
infancy (n = 114) on a comprehensive set of
cognitive, socio-emotional, motor tests, and
measures of school functioning. The group
with chronic, severe iron deficiency were
children whose hematology in infancy
showed iron deficiency and hemoglobin
=100g/L or a higher hemoglobin level but
abnormal iron measure(s) after three
months of iron therapy. Children who had
severe, chronic iron deficiency in infancy
scored lower on measures of mental and
motor functioning. After controlling for
background factors, differences remained
statistically significant in arithmetic
achievement, written expression, motor
functioning, and some specific cognitive
processes—spatial memory, selective recall,
and tachistoscopic threshold. More of the
formerly iron-deficient children had repeated
a grade and/or had been referred for special
services or tutoring. Their parents and
teachers rated their behavior as more
problematic in several areas, including
anxiety and/or depression, social problems,
and attention problems. Thus, severe,
chronic iron deficiency in infancy identified
children who continue at developmental and
behavioral risk more than 10 years after
iron treatment.

These results suggest either that iron-
deficiency anemia in infancy has effects that
cannot readily be corrected with treatment,
as in the rat model, or that other factors are
the cause of poorer behavior and
development. Although the most powerful
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way to deal with such factors is through a
randomized controlled trial in which iron
deficiency is experimentally prevented in
some infants but not in others, no consistent
pattern of results has emerged from the 3
published, preventive trials in full-term
healthy infants. (Moffatt et al. 1994,
Williams et al. 1999, Morley et al. 1999).

Lozoff et al. recently completed analysis of
another large double-blind supplementation
trial, involving 1657 healthy full-term
Chilean infants who were randomly assigned
to recent high, low, or no-added iron
conditions between 6 and 12 months of age
(Lozoff et al. 2001). At 12 months iron-
deficiency anemia was present in 2.5%,
4.0%, and 22.6% of the high-, low-, and no-
added-iron groups, respectively. There were
effects of iron supplementation, whether
high- or low-iron, on specific behavioral/
developmental outcomes. Infants who
received supplemental iron crawled earlier
and were less likely to be tremulous. They
processed information faster. A greater
proportion of them resisted giving up toys
and test materials, but could be soothed by
words or objects when upset. They were
more likely to show positive affect, interact
socially, and check their caregivers’
reactions. There were no differences in global
test scores. The study shows that healthy,
full-term infants may receive developmental
and behavioral benefits from iron
supplementation in the first year of life.

These results and those of other new studies
seem to fit with recent research on iron
deficiency and the developing brain. Iron is
required for many relevant central nervous
system processes, the most studied being
myelination and dopaminergic functioning.
Systems that are rapidly myelinating during
the period of iron deficiency might be
especially vulnerable. A later age at which a
child begins crawling could be congruent
with a delay or disruption in myelination.
Any process that reduces the speed of
neurotransmission could also result in
longer looking times on the Fagan test.

Recent neurophysiologic studies provide
more direct evidence of the effects of iron

deficiency on the developing brain. Evoked
potentials are a noninvasive means of
examining aspects of the central nervous
system (CNS). Auditory brainstem responses
(ABRs) represent the progressive activation of
the auditory pathway from the acoustic
nerve (wave I) to the lateral lemniscus (wave
V). The central conduction time (CCT) or
wave I-V interpeak latency is considered an
index of CNS development because
myelination of nerve fibers and maturation
of synaptic relays lead to an exponential
reduction in the CCT from birth to 24
months. In 55 otherwise healthy, 6-month-
old Chilean infants (29 with iron deficiency
anemia and 26 nonanemic control infants),
the CCT was longer in those who had been
anemic at 6 months, with differences
becoming more pronounced at 12- and 18-
month follow-ups despite effective iron
therapy (Roncagliolo et al. 1998).

To determine long-term effects of IDA in
infancy on nerve conduction in sensory
systems, we compared 3- to 4-year-old
Chilean children who were treated for IDA or
were nonanemic in infancy on ABRs and/or
visual evoked potentials (VEPs) (Algarin et al.
2001). Absolute latencies for all ABR waves
and inter-peak latencies were slower in
former IDA children. The magnitude of
effects was large–about 1 SD, as observed in
the infancy study. Large magnitude
differences in latencies were also observed
for VEPs. Thus, despite iron therapy in
infancy, there were long-lasting delays in
nerve conduction velocity in 2 sensory
systems that rapidly mature during the
period of iron deficiency. Differences in
latencies, but not amplitudes, suggest that
impaired myelination is the explanation for
the altered auditory and visual messages.
Subtle changes in transmission might be an
underlying mechanism for interference with
other aspects of development in early IDA,
and impaired myelination more generally
could contribute to poor outcome.

Early iron deficiency also adversely affects
dopaminergic neurotransmission. Altered
dopaminergic functioning is a known factor
in extraneous motor movements, such as
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tremor. Tremor was observed in more of the
non-iron-supplemented group in the Chilean
preventive trial. Dopamine also plays an
important role in the degree to which
individuals experience inherent reward. The
behavioral differences in the non-iron-
supplemented group in the preventive trial
(and in previous case-control studies) appear
to indicate less positive responsiveness to the
physical and social environment.

In sum, recent studies support the
relationship between early IDA and poorer
behavior and development. The specific
findings are consonant with the current
understanding of iron’s role in the
developing brain.

Discussion

Questions from the audience addressed
whether the association for deficits in
mental and motor development is with iron
deficiency or iron deficiency anemia. If
associated with iron deficiency, why are
these problems not more prominent in
western countries that do not endorse iron
supplementation in early infancy? Dr.
Stanley Zlotkin, The Hospital for Sick
Children, Toronto, pointed out that in
Canada, 25-30% of infants are iron deficient
as defined by low serum ferritin. Dr. Lozoff
stressed that the findings of altered
transmission in sensory systems were in
Chilean children who had been anemic and
iron deficient. The sample size did not permit
evaluation of iron deficient and iron deficient
anemic infants separately.

In response to a question about the age of
onset of iron deficiency and duration of the
condition, Dr. Lozoff replied that timing,
duration, and severity were intimately
intertwined. Infant studies have not been
able to address these issues directly. Such
studies are only possible in animal models.
However, in the evoked potential follow-up
study, where observations were made at age
3-4 years, slower transmission was observed
regardless of the age in infancy at which IDA
had originally been identified, i.e., six,
twelve, and eighteen months of age.
Relationships to severity are also not clear.

With overall developmental measures, there
appeared to be a threshold level of anemia
that was necessary to find effects. This may
not be the case if more sensitive measures
are used.

Dr. Lozoff agreed with a participant who
argued that evaluating the effects of iron
deficiency in school-aged children could be
confounded by the long-lasting effects of
prior iron deficiency irrespective of their iron
status at the time of follow-up testing. Iron
deficiency at different ages could have
different effects, some of which may be
reversible and others not. These differences
may explain the differences in reversibility
reported in the literature.

Prenatal iron deficiency may affect brain
development at an even earlier age than six
months. Dr. Lozoff agreed that the old
medical school teaching that the baby is
protected from iron deficiency in an iron-
deficient mother is probably wrong.
Understanding the functional impact of fetal
iron deficiency and early infant iron
deficiency should be high priority for
research.

Dr. Lozoff mentioned that there are several
ongoing supplementation trials during
pregnancy that will evaluate infant outcome
in terms of infant development. Results
should be available soon and may provide
evidence of causality.

In response to a question about iron status of
breast-fed infants, Dr. Lozoff agreed that
breast milk alone might not meet the baby’s
needs for iron after about six months of age.
In Chilean observational studies, 25-30% of
breastfed infants had IDA by nine months. In
the final years of the supplementation study,
babies were randomly assigned to the study
groups irrespective of feeding pattern. The
group receiving no-added-iron included both
breastfed and non-breastfed infants. The
poorer behavioral and developmental
outcome observed in this group could not be
related to whether the infants were breastfed
or not.

When asked to suggest indicators of
developmental outcome that could be
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measured in a program setting, Dr. Lozoff
responded that testing babies is not simple.
Her suggestion was the Fagan test (Fagan
and Singer 1983), but this non-routine test
requires considerable sophistication of the
testing staff and is quite costly.

Dr. Lozoff explained that the influence of
other micronutrient deficiencies on
developmental outcomes in the studies she
reviewed was less likely, because the overall
nutritional status of the Costa Rican and
Chilean infants was good. Infant mortality
was low and there was no growth failure. In

the Chilean supplementation trial, babies
were given fortified commercial infant
formula or vitamins if breastfed. Thus,
unidentified micronutrient deficiencies were
not likely to have influenced the results.

Dr. Zlotkin called for development of ‘sound
bites’ that describe these practical
consequences of iron deficiency in infancy
for use in advocacy programs. Dr. Lozoff
suggested that the effects on the infant’s
social-emotional development might be at
least as important as its effects on the
infant’s cognitive development.

DEVELOPMENTS IN ASSESSMENT OF IRON STATUS

Epidemiological Assessment of Iron Status

Dr. James Cook, Department of Hematology,
University of Kansas Medical Center, Kansas
City, USA, discussed assessing iron status,
including the usefulness of using anemia as
an accurate indicator of iron deficiency.

Iron deficiency (ID) in humans was
originally recognized by the anemia
accompanying its late stages. Unfortunately,
the assumption that anemia is synonymous
with iron deficiency has persisted to the
present time. While anemia provides a useful
index of the severity of iron deficiency, the
hemoglobin determination has serious
limitations as a screen for iron deficiency.
The major problem is the extensive overlap
in hemoglobin values between normal
population and those individuals with iron
deficiency anemia (IDA) (Cook et al. 1971,
Cook et al. 1976). Moreover, the hemoglobin
criteria for anemia varies with age, sex,
geographic area, and racial background.
Another important limitation of using
anemia to screen for iron deficiency is that
there are many other causes of anemia,
especially in countries where there is a high
prevalence of infection or inflammatory
disorders (Staubli Asobayire et al. 2001).
Fortunately, there are newer, more effective
methods of screening for iron deficiency.

The detection of IDA is relatively
straightforward when the population is
healthy and infection is uncommon. The

optimal laboratory approach is to use the
serum ferritin (SF) to measure iron stores,
the serum transferrin receptor (sTfR) to
assess tissue iron supply, and the
hemoglobin to identify anemia. Three
categories of iron status can then be defined:
iron repletion when all measurements are
normal, iron deficiency when the SF is low
and the sTfR elevated, and iron deficiency
anemia when hemoglobin indicates anemia.
Even the hemoglobin can be deleted from this
laboratory profile. When serial phlebotomies
were performed in normal subjects, the ratio
of sTfR/SF was found to correlate with body
iron over a wide spectrum of iron status
(Skikne et al. 1990). This ratio is especially
valuable for quantifying the changes in body
iron resulting from various intervention
strategies.

The detection of IDA is far more difficult in
populations where anemia is multi-factorial
and especially when infections are common.
The specificity of low hemoglobin is further
reduced and the usefulness of the SF is
limited because the concentration is falsely
elevated by acute or chronic inflammation.
Fortunately, the assay of sTfR remains valid
because it is not affected by inflammation or
infection and can therefore identify IDA even
in subjects with concurrent infection
(Ferguson et al. 1992, Punnonen et al.
1997).
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The optimal approach for assessing iron
status when inflammatory disorders are
common has not been established. The
definitive method involves bone marrow
examinations that are obviously impractical.
Another method is to exclude all subjects
with laboratory evidence of associated
disease. For example, those with chronic
inflammation can be excluded using either
the C-reactive protein or erythrocyte
sedimentation rate and specific infections
such as malaria or HIV can be identified
using appropriate laboratory measurements.
Another approach is to use the hemoglobin
response to iron therapy as an index of IDA.
However, reliable data requires supervised
administration of the iron, an approach that
is costly and cumbersome. Clearly, there is a
need to develop more effective methods for
identifying IDA in populations where anemia
is multi-factorial.

Discussion

Dr. Cook addressed a number of questions
from the audience that dealt with the
difficulties encountered in using hemoglobin
values to evaluate iron status, technical
issues related to the use of SF and sTfR
measurements, and possible approaches to
define iron status in the presence of
inflammation.

Dr. Abe Parvanta, U.S. Centers for Disease
Control and Prevention, pointed out that the
hemoglobin cutoff levels used in the United
States represented the fifth percentile of
values measured in the National Health and
Nutrition Examination Survey (NHANES).
The World Health Organization values have
stood the test of time, but there are
geographical, racial differences, including
inherited blood disorders, and gender that
may affect the range of normal hemoglobin
values according to Dr. Cook. He suggested
using mixed distribution analyses on large
samples to address this issue.

Dr. Bo Lonnerdal, University of California at
Davis, pointed out problems with using
hemoglobin response to iron administration
as a measure of iron deficiency in infants.
Data reported on his poster (#22), showed

that administration of iron to infants 4-6
months of age in both Honduras and Sweden
caused a marked upward shift in hemoglobin
values. The basal iron status in Honduran
children was suboptimal, but in Sweden it
was excellent. From 6-9 months of age,
however, only the Honduran children
showed an increase in hemoglobin
concentration. However, major differences in
the intake of fortified foods exist between the
countries, which will be important in
determining the outcome in the older
infants.

Dr. Lonnerdal referred to an unpublished
stable isotope absorption study (Domellof et
al. in press) that showed that iron absorption
was unrelated to iron status between 4 and 6
months of age. After six months of age, the
control mechanisms for iron absorption start
to mature and by nine months of age,
absorption is related to iron status. Based on
these data, Dr. Lonnerdal concluded that
hemoglobin distribution is unlikely to be
helpful to evaluate the impact of additional
iron before six months of age.

Dr. Cook stated that it is unlikely that
malaria alone will shift the hemoglobin
distribution curve. A variety of undefined
inflammatory causes are more likely to shift
the curve, for example, where HIV is
common and where individuals are
susceptible to a wide variety of infections.
The C-reactive protein is the most useful
screening tool for identifying the presence of
the inflammatory processes. In Asia,
thalassemias may also be important, as
these inherited disorders may alter
hemoglobin distributions. More research is
needed to quantify their impact.

Because SF values are affected by
inflammation, Dr. Cook suggested that if the
prevalence of SF values below 15 µg/L was
low then inflammation should be suspected.
At present there is no good validation for use
of higher SF cut-off values to identify iron
deficiency. Serum transferrin receptor levels
may be a better indicator in populations with
high levels of inflammation, and this has
been established in a study in the Ivory Coast
(Staubli Asobayire et al. 2001).
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 Another participant suggested that alpha-1-
acid-glycoprotein stays elevated longer than
CRP and may be much better for evaluating
the effect of inflammation on SF levels.
When asked about the time course for
elevation of CRP compared to that of SF, Dr.
Cook said that the rise in SF probably lasts
longer. Inflammation causes a build-up of SF
in macrophages, which then must be cleared.
Post-operatively, it may take 4-6 weeks for
SF levels to return to the pre-operative level.

When asked about standardization of sTfR
assays, Dr. Cook said that the commercially
available kits contain internal standards.
However, it was noted that at present there
is no way to standardize findings across
studies. If the sTfR is used to estimate body
iron, the assay employed must be calibrated
by phlebotomy studies in human subjects
(Skikne et al. 1990).

The usefulness of sTfR levels to measure iron
status in young infants was raised. Dr. Cook
noted that more research on this age group
is needed to better define cut off levels during
early life. In addition, the usefulness of sTfR
concentration during periods of expansion of
red blood cell mass due to rapid growth or
malaria for example, needs to be evaluated.

Cost issues were raised. The cost of
measuring hemoglobin concentration is
inexpensive while more sophisticated
techniques such as enzyme-linked immuno
assay (ELISA), which is used for SF and sTfR,
are more expensive. A careful evaluation of
the cost in relation to the information
obtained is important when comparing the
costs of assays.

PREVENTION AND CURE THROUGH PARASITIC CONTROL
PROGRAMS

The Potential Impact of Malaria Control on Anemia in Populations
Where Malaria is Endemic

Dr. Malcolm Molyneux, Malawi-Liverpool-
Wellcome Trust Clinical Research Program,
Universities of Malawi and Liverpool,
Blantyre City, Malawi, discussed the
importance of malaria control to reduce the
prevalence of anemia. Dr. Molyneux pointed
out that several lines of evidence indicate
that malaria is an important cause of
anemia in malaria-endemic areas. Clinical
evidence shows that individuals with malaria
infections commonly become anemic,
sometimes severely anemic (see Table 3 for
possible mechanisms). This is evident in
routine clinical practice and was observed in
pre-penicillin days when malaria was
inoculated to induce fever in the treatment of
syphilis (O’Leary 1927). Treatment of
malaria usually results in correction of
anemia, and ineffective treatment of malaria
is commonly accompanied by persisting
anemia (Phillips and Pasvol 1992).

Epidemiological Evidence

Epidemiological evidence suggests that in
endemic areas the population groups most
susceptible to malaria–children and pregnant
women–are also those with the greatest
burden of anemia (Schellenberg et al. 1999).
In such areas there is an association between
P falciparum parasitemia and anemia, and
both of these are increased in seasons of
increased malaria transmission (Verhoeff et
al. 1999b; Rogerson et al. 2000b). In one
study, placental parasitemia and maternal
anemia were less prevalent among women
who had taken presumptive antimalarial
treatment than among those who had not
(Rogerson et al. 2000a). Drawing
conclusions from epidemiological evidence is
unreliable because of confounding factors.
Thus, malaria transmission tends to coincide
geographically both with poverty in general
and with other factors, such as geohelminth
infections and nutritional deficiencies, which
may contribute to anemia in a population.
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The importance of malaria as a contributor
to the burden of anemia in a population can
only be assessed confidently through
interventions that specifically target malaria
in a randomized manner. Such interventions
not only constitute a tool by which to assess
the causes of anemia, but also provide an
additional potential means of anemia
control. Evidence for the importance of
malaria as a contributor to anemia in
populations comes from randomized
controlled trials of interventions directed
against malaria, namely insecticide treated
bed nets (ITBN), also known as impregnated
bed nets, and antimalarial drug
chemoprophylaxis studies.

Several well-conducted trials of ITBN in
malarial areas have now demonstrated that
the use of nets can reduce malaria in a
community as measured by mortality in
young children, prevalence of parasitemia,
and incidence of symptomatic infections
(Lengeler 1998). Many of these studies have
also shown a concomitant decrease in the
incidence of anemia and an increase in the
population’s mean hemoglobin (Hb)
concentration among bed net users. For
example, in a recent study in western Kenya,
the incidence of anemia (packed cell volume
(pcv) < 30%) among 167 pregnant women
living in villages provided with ITBNs was
376 per thousand woman-months, compared
with 455 per thousand among 182 women
in control villages (p<0.0005) (Ter Kuile, F.,
personal communication 2001). In a
Gambian study, the mean pcv in 300
children in villages without bed nets fell after
the malaria season from 32.9% to 30.6%,
the mean fall being 2.41%; in 357 children
in villages using bed nets, the fall was
significantly less, from 32.7% to 32.2%,
with a mean fall of 0.52% (Alonso et al.
1993).

Both malaria chemoprophylaxis and
intermittent, presumptive treatment of
malaria during pregnancy have been shown
to result in improved maternal hemoglobin
concentrations (McGregor 1984, Shulman et
al. 1999). In central Tanzania,
chemoprophylaxis with a weekly dose of

deltaprim to infants aged 8-48 weeks led to a
57% decrease in the incidence of severe
anemia among 204 supplemented infants, as
compared to the incidence in 207 infants
receiving a placebo. This benefit against
severe anemia was concomitant with a 60%
decrease in the incidence of symptomatic
malaria episodes in the treatment group
(Menendez et al. 1997). In the same study,
another group of 208 infants aged 8-24
weeks received a daily dose of iron, without
antimalarial drugs, which reduced the
incidence of severe anemia by 29% compared
to the placebo group; thus, in this
population, malaria appeared to be more
important than iron deficiency as a cause of
severe anemia in infants.

Several considerations affect the
interpretation of epidemiological and
interventional studies of the kind described
above, in evaluating malaria control as a
means of reducing anemia in populations.
These considerations include:

1) The diversity of the problem—findings in
one community may not be applicable
everywhere or at all times because:
� populations differ in their genetic

constitutions, with differing
prevalences of genes affecting the
incidence of anemia and possibly
also susceptibility to malaria

� the intensity and seasonality of
malaria affect the pattern of disease,
and these characteristics of malaria
transmission differ not only
geographically but also from one
year to another.

Table 3. Mechanisms leading to anemia in malaria:

� destruction of red blood cells (RBCs) by parasites
� phagocytosis of infected RBCs
� phagocytosis of uninfected RBCs
� impaired bone-marrow function

� tumor necrosis factor (TNF) impairs erythropoietin output
� reduced interleukin-10 response to TNF- hypersplenism

� other infections (↑  by malaria)
� intravascular hemolysis and hemoglobin uria
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� severe anemia has a maximal
incidence in infants and toddlers,
while malarial coma appears to have
a peak incidence in slightly older
children. Some studies have
suggested that the relative incidence
of these two serious complications of
malaria varies with transmission
intensity (Snow et al. 1997).

� populations also differ in the
prevalence and distribution of other
factors that may affect the pattern
of anemia, such as access to health
services, prevalence of non-malarial
parasitic and other microbial
diseases (including HIV and related
infections).

� P falciparum differs geographically
and over time in its pattern of
resistance to available antimalarial
drugs.

2) Possible differences in etiology and
control between mild/moderate and
severe anemia:
� some studies of interventions

directed against malaria provide data
on the effects on mean hemoglobin
or pcv values; others report the
incidence of new episodes of anemia
or severe anemia (Hb<5g/dl). More
studies are needed to identify the
pathogenetic mechanisms of
different degrees of anemia to
determine whether severe anemia
has a distinctive etiology and to
target interventions (and assess
outcomes) accordingly.

3) Antimalarial interventions in the context
of other interventions against anemia:
� some studies have shown an

increase in malaria risk when iron
deficiency is treated with iron
(Oppenheimer et al. 1984). However,
there was no adverse effect of iron
therapy on malaria in pregnant
women in a study in The Gambia
(Menendez et al. 1994) and no
adverse effect of iron on the
incidence of malaria in Tanzanian
infants (Menendez et al. 1997) or on
the efficacy of treatment for malaria

in Gambian children (Boele van
Hensbroek et al. 1995).

4) Efficacy versus effectiveness:
� this distinction applies to all

intervention studies. For
antimalarial interventions it is
particularly important because of
the association of malaria with
poverty and the difficulty of
sustaining programs with even
modest requirements in finance,
personnel, and administration. After
the impressive efficacy of a trial of
bed nets in The Gambia, one benefit
of which was an improvement in
mean Hb concentrations in children,
a national bed net program was
introduced into approximately half
of the country’s villages.
Effectiveness was then evaluated by
comparing villages with and without
nets. Whereas in the trial in the
Gambia bed nets were associated
with a 60% reduction in all-cause
child mortality, the figure was 25%
(p=0.04) in the effectiveness study,
with a non-significantly higher
mean pcv in children in the bed net
group (difference between groups
was 0.49%). Thus, the intervention
as a national program was effective
against mortality, but the cost of the
program was too high for the
country to afford, and when cost-
recovery from the population was
attempted, bed net usage declined
steeply and child mortality returned
to pre-intervention levels.

� chemoprophylaxis against malaria
has been abandoned in most
countries as a feasible intervention
in children, because of the difficulty
of delivering such a measure
adequately. It remains a valuable
intervention in pregnancy, although
it has been replaced by intermittent
presumptive treatment (IPT) with
antimalarial drugs in many
countries. The value of an IPT
approach in children is being
assessed in current trials.
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5) Short-term versus long-term benefits:
� even if an intervention against

malaria can be sustained, there are
concerns that the short-term benefit
(e.g., against anemia) may be offset
by longer-term disadvantages. In the
study in Tanzania (Menendez et al.
1997) in which infants were given
antimalarial chemoprophylaxis up to
the age of 48 weeks, the reduction of
malaria episodes and anemia during
infancy was followed by an in-
creased risk of both malaria and
anemia in the second year of life.
The possibility has been recognized
that interventions such as chemo-
prophylaxis and bed nets may
impair the acquisition of immunity
and thus merely defer malarial
morbidity to an age when it may be
more severe. It is therefore impor-
tant, but costly and difficult, to
monitor the effects of malaria–
including anemia and severe ane-
mia–over the long term in countries
with active malaria control pro-
grams (Lengeler & Snow 1996).

In conclusion, it is clear that malaria is an
important cause of anemia and severe
anemia. In some countries, it is the most
important cause, especially in infants and
young children. Malaria makes a significant
contribution to anemia in pregnancy in
many areas. Interventions against malaria,
whether effective drug treatment or
preventive measures, are highly beneficial to
individuals and can have a significant impact
on anemia at the population level. However,
most antimalarial interventions are difficult
to sustain for operational and financial
reasons, and even if sustained, require long-
term monitoring if their continuing
effectiveness is to be known. Interventions
must be suited to local situations, because of
the diversity of people, parasites, and
malaria transmission patterns. Reductions in
both anemia and severe anemia are
important potential gains from effective
antimalarial interventions.

Discussion

Questions from the audience addressed
additional factors that may be important for
controlling anemia. Dr. Molyneux agreed
that vitamin A and zinc might help. He did
not support shifting the emphasis from
malaria control to anemia control because
malaria has many other devastating
consequences beyond anemia.

Dr. Lozoff questioned the timing of the iron
supplementation used in the Tanzanian
study. Iron supplementation was given only
in the first six months of life, yet it is the
second six months that is the critical risk
period for nutritional iron deficiency.

According to Helen Keller International, bed
nets have been shown to be beneficial in
Cambodia as well. Their data showed a
reduction in malaria prevalence among
children in three provinces where bed nets
were used (25% prevalence of malaria)
compared with children without bed nets
(45% prevalence of malaria).

Helminths

Dr. Lesley Drake, Partnership For Child
Development, Imperial College School of
Medicine, London, United Kingdom,
discussed deworming as a strategy to
combat anemia. Worms are a significant
cause of anemia and worm control programs
contribute to anemia reduction. Worm
infections are the most ubiquitous of all
chronic human infections. Several worm
species cause the most common infectious
diseases in the world today. The most
common species of intestinal worms are the
roundworm (Ascaris), the whipworm
(Trichuris) and the hookworms
(Ancylostoma and Necator). Some or all of
these worms cause blood loss from the gut.

The other species that can cause mechanical
blood loss are the blood flukes (Schistosoma
species). The adults inhabit the mesenteric
vessels around the bladder or intestine, in
pairs, permanently in copula. These species
cause blood loss primarily by the migration
of the eggs as they rupture blood vessels and
invade either the bladder or the intestine on
their quest to reach the outside world.
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Worldwide in 1997, there were estimated to
be over 1200, 1000, and 800 million cases
of hookworm, Ascaris, and Trichuris
respectively. For Schistosoma species, there
were around 200 million cases.

Important and depressing to note is that the
prevalence of these infections has hardly
changed over the past 50 years. The absolute
numbers of cases has increased due to the
increase in the absolute number of people
now living on our planet.

These infections are widely distributed, but it
is apparent that where worm infections are
prevalent, anemia is also likely to be
prevalent. Worms thrive in communities
that are in need of improved housing,
sanitation, clean water, education, and
increased personal earning. That is, worm-
related infections are a consequence of
poverty. Poor communities are also at risk
for anemia.

School-aged children (a risk group for
anemia) are most at risk from disease
morbidity. Infection first occurs early in life,
rises to a maximum in childhood and settles
to a stable asymptote in the adult
population. However, if looked at according
to the age-intensity (or worm burden), the
profile is convex in shape. In other words,
school-aged children have the most intense
infections. Because morbidity is directly
related to the intensity of infection, it
follows that this age group is particularly
susceptible. A similar picture is noted for
Schistosoma age-infection patterns.

The main mechanism by which worm
infections can contribute to the anemic state
is direct blood loss, although other
mechanisms may contribute. Whipworms
can cause blood loss as a result of dysentery
and mucosal damage. Although it is likely
that this is only significant in severe
infections. An association has been shown
between anemia and the roundworm,
although how this is facilitated is unclear –
possibly through malabsorption or
inappetency.

The most significant infection causing blood
loss is hookworm infection, with the

magnitude of blood loss being directly related
to the number of adult worms present. The
worm uses sharp blades or teeth in its buccal
cavity to cut into tissues. The worms’
powerful pharynx then sucks up blood and
tissue fluids and contributes to blood loss by
feeding. The worm moves to a different site
several times a day and the damaged tissue
continues bleeding. This is further
exacerbated by the secretion of an
anticoagulant by the hookworm. Also,
hookworms live in the duodenum, where
most iron absorption occurs and it is
hypothesized that worms may also interfere
with the uptake of iron. Moderate to heavy
burdens of hookworm infection may also
impair appetite.

Data show a relationship between infection
intensity and hemoglobin levels: as infection
intensity increases (as indicated by an
increase in egg output, i.e., eggs/gram of
feces), hemoglobin levels decrease (Brooker et
al. 1999, Lwambo et al. 1992, Beasley et al.
1999).

Estimates of blood loss indicate that a single
Ancylostoma worm is responsible for the
loss of 0.15ml/day of blood. This is more
than for the other main hookworm species,
Necator, with an estimated 0.03ml/day/
worm. Thus, 25 Ancylostoma worms or 110
Necator worms would cause a loss of about
5ml blood a day, containing 1.85mg of iron.
Note that these are not particularly heavy
infections (Pawlowski et al. 1991). It has
been estimated that an infection with 25
Necator worms resulting in an iron loss of
0.347mg/day would completely deplete a
woman’s iron stores in 2 years–irrespective
of other insults on her iron status
(Pawlowski et al. 1991).

Schistosoma infections can also lead to blood
loss. S. haematobium eggs reach the external
environment by penetrating into the bladder
and subsequently being released with host
urine. Female S. haematobium release their
eggs into the smallest blood vessels
surrounding the bladder that they can reach,
from where the eggs penetrate the bladder
wall with help of sharp spines on the eggs. S.
mansoni eggs are released via the intestine,
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reaching the gut lumen in a similar manner.
This activity leads to tissue damage and
blood loss.

Preschool- and school-aged children and
pregnant women are most at risk for
hookworm-attributable anemia. Attributable
fraction analyses indicate that for preschool-
aged children, anemia in 14% of infected
children and in 28% of heavily infected
children was attributable to hookworm
infection (Brooker et al. 1999). Among
school-aged children, anemia in 25% of
infected children and in 73% of heavily
infected children was attributable to
hookworm infection (Brooker et al. 1999,
Stoltzfus et al. 1997). A study estimating the
proportion of anemia attributable to
hookworm infection in pregnant women in
Nepal estimated that 29% of all iron
deficiency anemia and 41% of moderate to
severe anemia was attributable to
hookworm infection (Dreyfuss et al, 1996).

At the individual level there are significant
benefits to be gained in controlling anemia
through deworming (e.g., anthelminthic
treatment during pregnancy). Effects of
controlling anemia have also been shown at
the population level. For example, after 3
rounds of treatment over 15 months,
significant increases of 7.2g/L Hb and 6.8
µg/L serum ferritin were observed in an
intervention group. Perhaps more
importantly, at an operationally realistic
scale, significant increases in hemoglobin
can also be made by simple mass deworming
(Beasley et al. 1999, Hall et al. 2001).

Deworming is practical and mass targeting
of school children is a particularly practical
and cost-effective approach. The existing
educational infrastructure—including
teachers—can be used for delivery. The
single-dose drugs are safe and can be
administered by appropriately trained
teachers as well as public health workers.
Also, by delivering through schools, delivery
costs can be kept to a minimum so most of
the cost is the drug itself. For example, in
Tanzania in 1997, it cost less than US$0.80
per child to deliver praziquantel and less
than US$0.20 per child for albendazole.

These drugs are now even cheaper and
alternative, free drugs are also available
from the private sector and humanitarian
foundations.

In terms of disability adjusted life years,
deworming, as a type of intervention is
comparable to other mechanisms for anemia
reduction such as fortification and
supplementation. The 1993 World
Development Report recommended that
funding be made available for mass
treatment programs for large-scale (global)
control of helminths. These programs are
increasingly being implemented. A major
initiative is FRESH (Focusing Resources on
Effective School Health) Start, a multi-
agency partnership among the World Bank,
WHO, UNICEF, and UNESCO. This program
outlines the basic framework for an effective
school health program and school-based
delivery of these interventions and highlights
how effective and cost-effective this strategy
is. There are now more than 20 countries in
Africa adopting the FRESH Start framework.

Anemia and worm infections are
exceptionally common and where these 2
conditions occur together, anthelmintic mass
treatment programs offer a highly cost-
effective strategy that can contribute to
efforts to reduce iron deficiency and anemia.

Discussion

In response to questions from the audience,
Dr. Drake said that deworming programs
administered through schools are sustainable
and cost effective. The cost of a single dose of
albendazole is less than US$0.05.
Mebendazole is less expensive and less
efficacious against all helminths. The drugs
are the most expensive component of a
successful deworming program. Delivery of
deworming drugs must be accompanied by
health education and sanitation if the
program is to succeed. Use of night soil is a
major cause of infection in communities
even where safe drinking water is available.
The real issue is sanitation not just safe
water.
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Background

Dr. George Beaton presented a paper prepared
by Dr. George McCabe and himself. The
paper addressed the controversy of daily or
weekly iron supplementation use in field
programs. It was based on the full analysis
of experience to date published by Beaton and
McCabe.2 A WHO/INACG/MI consultation
(Washington D.C., 1999) addressed the
program implications of the meta-analysis
and will be published separately. The
wording of the present paper reflects the
editorial input of the first drafting of the
WHO/INACG/MI consultation report.

Anemia is accepted as a major public health
problem in almost all non-industrialized
countries. Iron deficiency has commonly
been cited as the main cause of anemia, but
in many situations it coexists with parasitic
diseases and perhaps also contributing
micronutrient deficiencies (Beaton 2001).

Direct iron supplementation continues to be
the most common operational approach to
control anemia; attempts to introduce iron
fortification or diet modification are
underway in some settings. In general,
progress in the control of iron deficiency
anemia in the field has been disappointing
and progress in reducing the magnitude of
the problem remains limited.

In the 1990’s, two research groups (Wright
and Southon 1990, Viteri et al. 1995)
independently reported that iron absorption
in iron-depleted rats was similar or greater
when iron was administered intermittently
as compared to daily administration. It was
hypothesized that daily doses of iron
saturated the absorption pathways in gut
mucosal cells but absorption was enhanced
when dosing was phased with mucosal cell

turnover. Two subsequent absorption studies
in humans failed to replicate the findings
(Cook and Reddy 1995, Olivares et al. 1999).

Nevertheless, the initial reports stimulated
hope that a new and possibly more effective
approach to the field problem of iron
deficiency anemia was at hand. Weekly
supplementation was seen as having many
potential advantages, compared to daily
supplementation, if weekly supplementation
were found to be effective. Suggested
advantages included reduced side effects and
improved adherence, and lower purchase and
distribution costs.

The first human trial comparing daily and
weekly dosing was conducted with Chinese
children resulting in very encouraging
findings (Liu et al. 1995a). A second study,
also conducted in China, reported
encouraging findings for pregnant women
(Liu et al. 1995b). Following these reports,
many studies were initiated throughout the
world to test the hypothesis that weekly iron
administration was as efficacious as, or
more efficacious than, daily administration.
In 1993, UNU, WHO, and UNICEF developed
a master protocol for these studies (WHO/
UNICEF/UNU 1993). By 1997, considerable
data had accumulated and results were being
widely reported, although, relatively few of
the individual studies had been published in
the open press. Against this background,
Beaton and McCabe were invited by the
Canadian International Development Agency
and the Micronutrient Initiative to collect
and analyze the findings to date.2 Research
conducted up to the point when Beaton and
McCabe started their work was focused on
the question of biological efficacy. There was
little information concerning effectiveness or
efficiency/cost-effectiveness of weekly

2   Note that since few of the studies had been published, the review involved the active cooperation and collaboration of the original
investigators. Beaton and McCabe are deeply grateful for the cooperation of so many who shared with them their actual data as well as
their own summary analyses.  Others were able to provide only summary analyses; a few of the early studies also appeared in print as
abstracts or full papers and provided summary analyses.

WHAT TO DO ABOUT IRON DEFICIENCY

Iron Supplementation: Comparison of daily and weekly iron
supplementation
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versus daily iron supplementation programs.
Therefore, Beaton and McCabe could not
address these extremely important issues.

The Beaton and McCabe Analysis

A total of 21 completed efficacy trials were
identified for the study as well as an
additional 2 trials in progress for which
investigators were prepared to release
preliminary results. The studies were
identified by contacting investigators, key
informants, canvassing national and
international agencies, and conducting
conventional literature searches. For 14 of
the 23 trials, investigators released the
actual data for the Beaton and McCabe
secondary analyses. For the other 9, only
summary statistics were available from the
investigators or from published papers,
abstracts, and meeting reports. Studies were
included in the analyses if the study design
was judged adequate and information
available provided minimally required data
for the particular analysis. Although highly
desirable, the inclusion of a placebo-
controlled group was not required, and in
fact, none of the pregnancy studies and few
of the studies with preschool-aged children
included such a control.

Where full data sets were available de novo
analyses of hemoglobin and serum ferritin
data were conducted. Three trial outcomes
were reported. First, the treatments were
compared using the post-treatment
hemoglobin values adjusted for baseline
values. Second, a parallel analysis for serum
ferritin (fewer studies) was performed.
Third, the relative risk of being anemic at
the end of the treatment intervention was
analyzed. This last analysis included the
greatest number of trials since only
summary statistics from the studies were
needed. In generating summary estimates of
the comparison between daily and weekly
supplementation, several approaches to
weighting individual studies were examined

and reported. Confidence intervals for the
summary estimates were derived for both
fixed effect and random effect models. All
analyses were subjected to sensitivity testing
and other checks of assumptions in the
models.

Detailed results showing each study are
available in the full report .2,3 For
hemoglobin change as outcome, 11 of the 13
studies found greater hemoglobin increase in
the daily-supplemented group than in the
weekly-supplemented group and the
summary estimate of the difference in effect
was +2.34 g/L (95% confidence limits 0.13
to 4.55 in favor of daily supplementation).
For serum ferritin as outcome, all of the 7
studies found greater improvement in
ferritin in the daily-supplemented group, and
the summary estimate was +11.24 µg /L
(95% confidence interval 8.31 to 16.29). For
post-treatment anemia, 14 of the 19 studies
found a greater risk of anemia in the
weekly-supplemented group. The summary
relative risk of being anemic was 1.34 (95%
confidence limits 1.20 to 1.49).

The most notable finding in these analyses is
the high degree of consistency. Whether one
looks at the impact on group mean
hemoglobin or serum ferritin, or at the
relative risk of being anemic after the
intervention, it is clear that daily
supplementation had a greater effect than
weekly supplementation. Although the
greater improvement in mean hemoglobin
associated with daily supplementation was
small (2 g/L), the relative risk of anemia in
the weekly-supplemented groups (a 34 %
higher risk) was judged to be biologically
significant, especially in public health terms.

The data were further explored to see
whether certain defined characteristics of the
population were predictive of the relative
success of weekly supplementation compared
to daily supplementation. The relative
efficacy was remarkably consistent across

3   The summary estimates now presented differ slightly from those in the full report since now only data from completed studies are
included.   Two studies  (Korea and Mexico), which were still in progress, have been omitted from the present analyses since the final
data are not available.  The impact of these omissions is very small.  In the original report, ferritin data were presented only in log
form; they are now converted back to linear units.
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age subgroups. Baseline anemia prevalence
was a predictor of final prevalence but not of
the relative benefit of daily versus weekly
supplementation. Within the three studies
that measured hemoglobin at more than one
post-intervention time point, longer duration
of the intervention yielded a greater
hemoglobin response. It might be
hypothesized that with continuing
supplementation, the effects of daily and
weekly administration would merge at some
sort of physiological plateau. However,
across projects, duration of intervention did
not explain the difference in the relative risk
of anemia associated with daily or weekly
supplementation. In other words, there was
no evidence that weekly supplementation
performed better relative to daily
supplementation in trials with longer
supplementation periods in the time range
included in the studies examined (pregnancy
studies, 10-19 weeks; school children and
adolescents, 8 –24 weeks; preschool children,
8-18 weeks).

Compliance with iron supplementation was
evaluated variously in the different studies,
and this could not be used quantitatively in
the analyses of collective experience.
Subjective categorization of studies into five
categories of “degree of control” of the study
population suggested that situations likely to
provide higher compliance resulted in lower
post-treatment rates of anemia. This control
category did not alter the relative risk
associated with weekly supplementation
compared to daily supplementation. But,
because the final anemia rates were lower in
the more controlled settings, the absolute
difference between anemia rates in the two
groups became small. The converse was also
true; where final prevalence remained high,
the absolute difference between weekly and
daily supplementation was high and
potentially a matter of public health concern
(Beaton 2001).

Again, because of differences in the ways in
which data pertaining to possible side effects
were collected and presented across
individual projects, it was not possible to
conduct an analysis of collective experience.

Separate comparisons of daily and weekly
supplementation with placebo control (for
those studies that included a randomized
placebo group) showed that both daily and
weekly dosing had statistically significant
positive effects on hemoglobin and risk of
anemia, with a greater effect for daily
administration. Both supplementation
regimens were efficacious, that is,
significantly better than no supplementation.

Main Conclusions

� Both daily and weekly iron
administration can reduce iron
deficiency anemia; both treatments were
efficacious.

� Daily administration was more
efficacious than weekly to improve
hemoglobin, reduce anemia, and increase
iron stores. The overall picture, however,
was that neither appeared to be very
effective.

� There was no evidence to conclude that
intermittent iron administration carried
any physiological advantage in terms of
control of iron deficiency anemia. The
results of the present analyses fail to
support the hypothesis that, for
biological reasons, weekly
supplementation would be more
efficacious than daily supplementation.

� The relative efficacy of daily compared
to weekly supplementation did not differ
by class of subject (pregnant women,
school-aged children and adolescents,
and preschool-aged children), or any
other population characteristic that was
measured.

� Many studies had a high residual
prevalence of anemia after the
interventions, even with daily
supplementation. In this situation the
absolute difference between daily and
weekly supplementation was greater.

Judged Implications

Based upon their judgment and review of the
general literature rather than on the direct
analyses, the authors also suggested that:
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� While both daily and weekly
supplementation are efficacious, one is
forced to conclude that neither daily nor
weekly supplementation was very
effective in controlling the problem of
anemia as currently defined, even in
these research settings. This should be
the matter of major public health
concern, outweighing the differences in
opinion about whether daily or weekly
supplementation would be more
appropriate in one setting or another.

� It would be imprudent to advocate the
use of weekly iron supplementation in
pregnancy.

� Daily supplementation is more likely to
be effective except when supervision is
feasible with weekly regimens and not
feasible with daily regimes. One
situation in which weekly iron
supplementation (for all but pregnant
women) might have specific advantage is
in school-based supplementation and
perhaps selected institutionalized
situations where supervision/
reinforcement is feasible for weekly but
not daily supplementation.

� It seems likely that the most important
factors to establish effective operational
programs for the control of anemia will
be the use of integrated strategies to
address all causes of anemia and
attention to the manner in which
programs are managed and compliance
is reinforced.

Multi-Micronutrient
Supplementation

Dr. Werner Schultink, UNICEF, New York,
USA, stated that at the 1990 World Summit
for Children, heads of state and government
agreed to the 2000 goal of reducing iron
deficiency anemia in women by one third of
1990 levels. However, little progress has
been made in achieving this. Iron/folate
supplements have had little impact in
reducing the prevalence of anemia. Reasons
for this failure include inadequate delivery of
supplements, poor clinic attendance during
pregnancy, poor compliance, and poor

communications strategies. Other important
factors are the diversity of causes of anemia,
notably deficiencies of vitamin A, zinc,
vitamin B12, or folate. There is also a
noticeable lack of political will to attack the
anemia problem.

Programmatically it would be more efficient
and more effective to combine
micronutrients as opposed to delivering them
individually. As the intake of multiple
micronutrient supplements has been part of
the daily routine for many adults and
children in the industrialized world for the
past decade, so should the same
opportunities be available for people in the
developing world. While recognizing that
micronutrients should ideally be obtained by
diversifying diets and increasing intakes of
nutrient rich foods through fortification, the
reality of economic constraints, seasonal
harvest, limited production, and poor
delivery infrastructure in developing
countries make it difficult. Also, the
nutrients available in a diversified diet would
still not be sufficient for specific target
groups such as pregnant women.

UNICEF has sponsored a number of
workshops to determine the composition of
the multiple micronutrient supplements. The
concentration of the nutrients is based on
the US Recommended Dietary Allowance and
each tablet currently costs US$ 0.08. With
donors and foundation support, multiple
micronutrient trials are being done on
infants and young children as well as
pregnant women. The preschool trials are
underway in Indonesia, Vietnam, South
Africa, and Peru, and the anticipated
outcome indicators include improved growth
and reduced morbidity. Trials on
supplementation in pregnancy are being
conducted or are about to start in Indonesia,
Bangladesh, Tanzania, Niger, Nepal,
Vietnam, China, Madagascar, Mozambique,
Philippines, India, and Pakistan. The
anticipated outcomes include improved
maternal micronutrient status and decreased
prevalence of low birth weight infants. The
prenatal studies are being conducted in the
framework of low birth weight reduction
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programs, in which there is an education
component emphasizing the need for better
support of pregnant women and growth
monitoring during pregnancy. Depending on
the country, control of malaria (especially in
primigravidae where appropriate), food
supplementation, deworming, and the
prevention of teenage pregnancies are also
included in the interventions. Once the study
results are available, a review will be held
with WHO to establish recommendations for
universal multimicronutrient
supplementation for children, pregnant, and
lactating women.

Discussion

There was clearly support in the INACG
audience for a stated goal of the 2001 World
Summit for Children to be a reduction of
anemia and iron deficiency worldwide. Dr.
Schultink supported the anemia goal because
it is easily measured and there are a range of
interventions that can be cost-effectively
implemented, i.e., micronutrient
supplements, bed nets, and deworming. He
was doubtful that complete elimination is
possible, as this has not been achieved in
well-developed countries.

Dr. Beaton reiterated his view that it would
clearly be disadvantageous for women to
enter pregnancy with a significant iron
deficit. Conversely, too much attention on
building iron stores before pregnancy,
without assuring an adequate iron supply
during pregnancy, might be an unfortunate
error. The body is exquisitely equipped to
adjust iron absorption in response to body
need and tissue reserves, even in pregnancy
(Beaton, 2000). Increasing stores before
pregnancy might reduce absorption in early
stage of pregnancy, if so the assumed benefit
of the pre-pregnancy store would be greatly
diminished. The hypothesis of beneficial
effects of pre-pregnancy iron stores greater
than those associated with avoidance of
anemia, remains untested. While control of
anemia in women of reproductive age can be
argued as important, there may not be a
strong foundation for arguing that storage
iron should be increased before pregnancy.

Again, it is a matter for carefully defining
realistic and functionally important
objectives.

Dr. Keith West, Johns Hopkins University,
said that the efficacy of prenatal multiple
micronutrient supplements is unknown with
respect to birth weight, intra-uterine
growth, and infant mortality. He urged
nutrition program decision-makers to wait
for the results of the ongoing efficacy trials
before embarking on less sensitive
effectiveness trials and pilot programs.

Based on an efficacy trial with at multiple
micronutrient supplement drink in Tanzania
(Ash et al. in press), Dr. Deborah Ash,
Harvard University, urged attention to the
social acceptability of such supplements.

The appearance of the supplement must be
acceptable and its purpose clearly
understood. Specific issues will vary from
country to country. For example, the
presence of porcine gelatin in some
supplements is offensive to specific religious
groups. Dr. Schultink explained that the
multiple micronutrient supplements being
used in Indonesia were manufactured in
country without porcine gelatin and this
could be done elsewhere, but the cost would
increase.

Dr. Tommaso Cavalli-Sforza, WHO Regional
Office for the Western Pacific, voiced support
for supervised weekly iron/folate
supplements for school children and women
of reproductive age. In a study in Vietnam,
school children are given iron/folate tablets
along with nutrition education messages.
Supplements are also available to women of
reproductive age.

As a result of appropriate education, 60-90%
of reproductive age women in the study
regularly purchased iron supplements at
work through the Women’s Union (abstract
# 24). Up to 100% of pregnant women took
iron supplements during the last four
months of pregnancy. A revolving fund has
been created by the Women’s Union to
purchase more supplements.
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In the Philippines, supplements may be
purchased through pharmacies and their use
is much lower. Dr. Cavalli-Sforza suggested
that the approach of buying a cheap
community supply of iron in Vietnam might
be applicable to multinutrients as well.

Food Fortification

Dr. Richard Hurrell, Institute of Food
Science, Swiss Federal Institute of
Technology, Zurich, Switzerland, discussed
an overview of food fortification as a
strategy to combat iron deficiency and
stressed that fortification with iron has been
proven efficacious in several settings, despite
the general difficulty of adding iron to food.

Iron is the most difficult mineral to add to
foods and to ensure adequate absorption
(Hurrell 1999). This is because the more
bioavailable iron compounds, such as ferrous
sulfate and ferrous fumarate, often cause
unacceptable color and flavor changes to the
food vehicle. This has led to the widespread
use of compounds such as elemental iron,
which are organoleptically inert but poorly
absorbed. In addition, high phytic acid intake
from the fortified food, or from other foods
consumed with fortified foods, further limits
iron absorption. For this reason, and also
partly because of poorly designed studies, it
has never been clearly demonstrated that
iron fortified wheat flour, maize flour, or
salt improve the iron status of targeted
populations. The iron fortified foods that
have been demonstrated to improve iron
status are infant formulas and infant cereals
where ascorbic acid has been added to
enhance iron absorption, and soy sauce, fish
sauce, curry powder, and sugar, all foods
fortified with sodium iron
ethylenediaminetetraacetic acid (EDTA), an
iron compound of relatively high
bioavailability which also counteracts the
inhibition of phytate (International
Nutritional Anemia Consultative Group
(INACG) 1993).

Cereal products are often fortified with
elemental iron powders, which are not a
single entity. They can be manufactured by 5

different processes (electrolytic, H-reduced,
H-reduced (atomized), CO-reduced, carbonyl)
giving powders of different particle
characteristics, which in turn govern the
dissolution of the powder in the gastric juice
and its relative bioavailability. A recent
workshop reviewed published data on
elemental iron involving rat and human
bioavailability studies and efficacy studies
(Hurrell et al. submitted). It was concluded
that only electrolytic iron powders had been
demonstrated as useful iron fortificants. The
usefulness of reduced iron powders was
unclear, and although most commercial
powders appeared to be relatively poorly
absorbed, it was noted that it could be
possible for the manufacturers to make
powders with an equivalent bioavailability to
ferrous sulfate (Hurrell et al. submitted).

Encapsulated ferrous sulfate or fumarate can
also be used to fortify cereal flours or salt
without sensory changes and these iron
fortificants have not been fully exploited.
Capsules based on hydrogenated oils seem
most suitable and bioavailability of these
capsules in animal studies remains
unchanged (Hurrell 1999). However, even
with highly bioavailable compounds, iron
absorption will be low in the presence of
phytate. This can be overcome by the
addition of ascorbic acid (Forbes et al. 1989)
or sodium EDTA (Hurrell et al. 2000)
together with the iron compound, by adding
sodium iron EDTA (Hurrell et al. 2000), or
by phytate degradation (Hallberg et al.
1987).

In order to promote a successful food
fortification program by optimizing iron
absorption, the following recommendations
can be made:
� Where possible use ferrous sulfate and

ferrous fumarate, if necessary in
encapsulated form.

� Use only electrolytic iron powders for
cereal fortification until manufacturers
have improved and standardized reduced
iron powders.

� Use ascorbic acid as an enhancer of iron
absorption.



32 2001 INACG SYMPOSIUM

� With fortified foods high in phytate, and
foods consumed with high phytate diets,
use NaFeEDTA (or Na2EDTA as an
absorption enhancer).

� Degrade phytic acid in complementary
foods for food aid programs.

Discussion

Dr. Anna Verster, WHO Eastern Mediterrean
Regional Office, reported that two Middle
Eastern countries were already fortifying
wheat flour with iron and folate. Six other
countries are planning to start such national
programs very soon. Three others are
waiting to complete trials and two have
decided that all imported flour (90% of
consumption) must be fortified. A regional
standard has been developed – 30 ppm iron
from ferrous sulfate or 60 ppm from
elemental (electrolytic) iron. Some countries
prefer elemental iron because of improved
shelf life. In other countries the flour-to-
bread turnover is high so ferrous sulfate can
be used. The levels of fortification for
elemental iron are double that of iron from
ferrous sulfate to compensate for the lower
bio-availability of elemental iron. In addition,
countries are advised to use, wherever
possible, electrolytic iron of high quality and
fine mesh-size.

Dr. Eva Hertrampf, University of Chile,
mentioned that ferrous sulfate works well
with wheat flour in Chile. The shelf life is 4-
6 weeks.

In response to a question regarding addition
of zinc along with iron, Dr. Hurrell stated
that zinc fortification is easier than iron.
Zinc absorption is also inhibited by phytic
acid and enhanced by EDTA. Several studies
have shown interactions between zinc and
iron absorption, but when added to foods (in
amounts commonly used in food
fortification programs), neither inhibits the
absorption of the other.

Dr. Hurrell responded to a question
regarding the potential for double
fortification of salt with iron and iodine
(abstract # 37) saying that salt is difficult to
fortify because of color changes and losses of

iodine. The system developed by the
Micronutrient Initiative uses ferrous
fumarate and encapsulated iodide. The
National Institute of Nutrition in India
developed a system using sodium
hexametaphosphate and ferrous sulfate.
However, further development is needed to
overcome the technical problems involved in
double fortification of salt.

Recent Experience With Food
Fortification

Four ongoing food fortification efforts were
described at the INACG symposium. Three of
these were research projects and the fourth a
national program.

Dr. Penelope Nestel, USAID’s Micronutrient
Global Leadership Project, Washington DC,
USA, presented preliminary results of a two-
year, double blind, wheat flour fortification
effectiveness trial in Sri Lanka. An earlier
study (Piyasena et al. 1996) had shown that
85% of the population purchased wheat
flour. The average consumption was 70g/
person/day in rural areas and 165g/person/
day on the tea growing estates. Urban
consumption fell between these two levels.
Preschool children consumed 140g/person/
day from the same diets as the adults. Based
on the above, the flour was fortified with 66
ppm iron.

Three randomized study groups were drawn
from six highland tea estates to receive
electrolytic iron, reduced (atomized) iron, or
no added iron (the control group). The study
groups were children, 9-71 months of age;
children, 6-11 years of age; and women of
childbearing age. Hemoglobin, zinc
protoporphyrin, and ferritin were measured,
but only hemoglobin values were reported.

The analysis was disagregated by
fortification type. At baseline, the anemia
prevalence was half of the expected level
based on previous surveys and there were no
overt differences among the treatment
groups after two years of intervention.

In view of the discrepancy in venous
hemoglobin levels in this study versus the
national survey that was based on capillary
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blood samples, Dr. Abe Parvanta, U.S.
Centers for Disease Control and Prevention,
noted that there is a pressing need to develop
guidelines to standardize sampling
procedures for finger-prick capillary blood
samples for hemoglobin analysis to improve
the understanding of the true prevalence of
anemia where instruments such as the
HemoCue are used. In his opinion, the
HemoCue is an excellent instrument, but
appropriate and rigorous training for the
operators is essential.

It was also pointed out that the improvement
in the control group anemia status in the Sri
Lanka study could have resulted from
improved diets, such as eating more poultry.
More attention should be given to dietary
modification approaches for anemia control.

For the second food fortification effort, Dr.
Pham Van Thuy, National Institute of
Nutrition, Hanoi, Vietnam, reported results
from a double blind efficacy study of fish
sauce fortified with sodium iron EDTA
(abstract #35). More than 80% of adults in
Vietnam consume 10-15 ml fish sauce per
day. The study included two groups of non-
pregnant, anemic (hemoglobin <120 g/L)
female factory workers of childbearing age.
Approximately half of the women were iron
deficient at baseline.

Each individual ate a rice test meal under
supervision six days a week for six months.
The meal contained 10 ml fish sauce that
was unfortified (control group, n=68
women) or fortified with sodium iron EDTA
(n=62 women) to supply 10 mg iron/
person/day. Hemoglobin, ferritin, and
transferrin receptor levels were measured at
baseline and after three and six months of
intervention.

After six months of the study, the prevalence
of anemia had decreased by 34% in the
fortified group and 10% in the control group.
There was a significant rise in the serum
ferritin levels and decrease in circulating
transferrin receptor concentrations in the
fortified group, with no significant change in
the control group. The prevalence of low

plasma ferritin (<12 µg/L) and elevated
transferrin receptor (>8.5 mg/L) decreased
significantly after 6 months to 16% and 29%
in the fortified group, respectively. In the
control group, the corresponding values were
49% and 51%. Thus, there was a significant
improvement in the iron status of the group
receiving iron fortified fish sauce compared
to the control group. Dr. Thuy concluded
that fortification of fish sauce with sodium
iron EDTA might be an effective strategy for
controlling iron deficiency anemia among
women in Vietnam.

Dr. Eva Hertrampf, University of Chile,
Santiago, Chile, reviewed the Chilean
experience of providing iron-fortified milk to
mothers and young children. The Chilean
Ministry of Health supplies 2 kg full-fat
powdered milk free of charge to 70% of
infants between birth and 18 months of age
in this national program. This milk has been
fortified with iron (ferrous sulfate), vitamin
C, zinc, and copper since 1999. Lactating
women are instructed to drink the milk until
their children are weaned and then to feed
the milk to the children. The bioavailability
of the iron is high: mean of 12% as
measured with stable isotope technique in 9-
13-month-old infants.

A random cohort of children, aged 12-18
months, was evaluated in June and July
before the implementation of the
fortification program and a second cohort in
the same age range evaluated a year later.
Hemoglobin, zinc protoporphyrin, and
ferritin were measured. There was a
significant shift to the right in the
distribution curve for hemoglobin levels.
Twenty-nine percent were anemic before the
intervention and only 9% in the group
evaluated a year later. The percentage of
infants with high zinc protoporphyrin values
decreased from 67% to 32%. There was no
significant change in ferritin values. Dr.
Hertrampf concluded that the delivery of
iron and vitamin C-fortified powdered milk
to infants is an effective strategy for
controlling iron deficiency.
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Finally, Dr. Stanley Zlotkin, Hospital for
Sick Children, Toronto, reported on the use of
“sprinkles” to deliver micronutrients to very
young children (abstract #38). With
“sprinkles,” encapsulated iron can be added
directly to infant food prepared at home.
This is an innovative alternative to iron
drops, which have a bad taste, stain teeth,
and are difficult to accurately deliver.
“Sprinkles” sachets are easy to transport,
unlike the drops in glass bottles, and easy to
manufacture. The cost for production in Dr.
Zlotkin’s laboratory was US$ 0.023 per
sachet.

A study among mildly anemic Ghanian
children, aged 6-18 months, fed either the
iron-containing “sprinkles” or iron drops
found that anemia was corrected
(hemoglobin >100 g/L) in 58% of the
children receiving “sprinkles” and 56% of
those receiving drops. A no-treatment
control was not included, as this was
considered unethical because these children
were mildly anemic. Children whose anemia

was corrected in the first study were eligible
to participate in a second study.

In the second study, children were
randomized into four treatment groups:
placebo, iron drops, “sprinkles,” and
“sprinkles” with vitamin A. Non-anemic
hemoglobin levels were maintained for six
months in 82% of the children. There were
no significant differences among the groups.
Dr. Zlotkin concluded that “sprinkles”
worked as well as iron drops in correcting
anemia in infants and were well accepted.
Their use provided enough iron to maintain
normal iron stores for at least six months.

Other micronutrients could be added to the
“sprinkles” preparation, so that the contents
of sachets could be tailored to meet specific
micronutrient needs of a particular
community. “Sprinkles” have no
unacceptable organoleptic effects on the food
to which they are added, but have an
unpleasant taste if eaten without food. This
should reduce the risk of accidental
poisoning.

CONCLUDING REMARKS
Dr. Lena Davidsson gave the concluding
remarks at the 2001 INACG symposium.
Iron deficiency in its most severe form
results in anemia—iron deficiency anemia
(IDA)—and since anemia (hemoglobin below
established cut-off levels) is relatively easy to
diagnose, the prevalence of anemia has often
been used as a proxy for IDA. Although this
approach can be useful in settings where
iron deficiency is the major cause of anemia,
it is less valid in regions where the etiology
of anemia is more complex. As discussed in
this publication, malaria, helminth infection,
and other infections causing inflammatory
response are important factors contributing
to the high prevalence of anemia in many
developing countries. In addition, the
prevalence of other nutritional deficiencies
(vitamin B12, folate, and vitamin A) as well
as hemoglobinopathies and HIV infection
need to be considered in many regions.
Furthermore, a number of these infections
and nutritional deficiencies can be expected

to coexist in individuals, further
complicating the accurate diagnosis of IDA.
For example, recent data from Côte d’Ivoire
(Staubli Asobayire et al. 2001) clearly
demonstrate the limited usefulness of
anemia as an indicator of IDA. In this study,
a large proportion of anemia cases were IDA
in young children (80%) while only 20% of
anemia was due to iron deficiency in adult
men. In addition, the complexity of the
etiology of anemia was shown by the
overlap between IDA and infection, in
particular in young children.

Thus, there is an urgent need for more
specific diagnostic tools to identify iron
deficiency, in particular in populations with
high prevalence of infections, as discussed by
Dr. Cook at the 2001 INACG Symposium.
The usefulness of the circulating transferrin
receptor was demonstrated in the study in
Côte d’Ivoire and, although further
validation of the method is needed, this
technique is very promising.
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The specific difficulties in diagnosing iron
deficiency and IDA in different regions are
important considerations when collecting
prevalence data as well as when monitoring
the impact of strategies aimed at increasing
iron intake. Simply monitoring changes in
hemoglobin concentration in regions where
the etiology of anemia is multifactorial will
not be a useful approach to monitor the
effect of interventions with iron fortified
foods or iron supplements. The lack of
“success stories” can probably be related to
the limitations of the monitoring and
evaluation process in many cases and
highlights the need for careful consideration
of status indicators and population groups
included in the evaluation. For example, the
impact of iron supplementation during
pregnancy needs to be re-evaluated with
special emphasis on the most “at risk”
individuals, that is, women with moderate or
severe anemia as suggested by Dr. Beaton.

Food fortification is often suggested as the
best long-term approach to increase iron
intake. However, in order to establish a
successful food fortification program, a
number of important factors need to be
considered. The choice of the food vehicle
will obviously depend on the overall
approach. For example, the most frequently
fortified foods include cereal flours to
increase iron intake in the general
population and infant foods for targeted food
fortification programs. The choice of the iron
compound should be based on bioavailability
and stability in the product. Unfortunately,
iron compounds with high bioavailability
often provoke unacceptable fat oxidation and
changes of color, taste, and odor during
storage or food preparation. Consequently,
less soluble and thus less bioavailable iron
compounds are often used, for example
elemental iron to fortify cereal flours.

The usefulness of the fortified food should be
demonstrated by monitoring the impact on
iron status, for example by reducing IDA in
the study population, in well controlled
“efficacy studies.” Effectiveness of a food
fortification program is more difficult to
evaluate since changes in iron status are
monitored in less controlled settings, in

settings closer to the “real life situation.”
Due to the numerous difficulties and great
expense involved in organizing large-scale
effectiveness studies, this type of evaluation
is rarely made. Alternatively, the possibility
of evaluating effectiveness (including cost-
benefit analysis) during implementation of
efficacious food fortification strategies
should be explored.

As stressed by Dr. Hurrell, it is important to
note that iron fortification of staple foods
such as cereal flours has not been
demonstrated to be efficacious. However, this
approach, in particular iron fortification of
wheat flour, has been implemented in many
countries and is often suggested as a useful
strategy to increase dietary iron in the
general population. Alternatively, iron
fortification of frequently consumed
condiments can be used to reach a large
segment of the population. The usefulness of
condiments as vehicles for food fortification
has been reported and was recently evaluated
in Vietnam. The results presented by Dr.
Thuy clearly demonstrated that iron
fortification of a widely consumed
condiment, fish sauce, using a water soluble
iron compound with high bioavailability
(NaFeEDTA), was efficacious in reducing the
prevalence of IDA in women. This strategy
would thus seem a useful approach, in
particular in countries where rice is the
major staple food since rice is difficult to
fortify with iron.

Possibilities to improve iron bioavailability
from fortified foods also need to be explored,
for example by degrading phytic acid–a
potent inhibitor of iron absorption present in
cereals and legumes–by enzymatic
treatment. Degradation of phytic acid could
be particularly useful for cereal based foods
such as complementary foods for infants or
foods distributed via food aid programs.
However, large proportions of vulnerable
population groups in many countries do not
have access to industrially produced foods
and food fortification is therefore not an
option. Novel approaches need to be further
explored, for example the use of “sprinkles”
to fortify home made complementary foods,
as discussed by Dr. Zlotkin.
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Dietary diversification as a strategy to
improve iron status was not discussed
during this symposium due to time
constraints, but the potential to increase iron
intake or improve iron bioavailability by
simple dietary modifications needs to be
carefully evaluated as suggested by Dr.
Tagwireyi in her remarks. For example, data
presented in a poster at this meeting
demonstrated that human milk could be a
major source of ascorbic acid in the diet of
infants and young African children,
potentially useful to improve iron
bioavailability from complementary foods
(abstract #29).

In conclusion, Dr. Tagwireyi’s keynote
lecture focused on the frequently asked
question, “Why has so little progress been
made to reduce the prevalence of iron
deficiency and IDA?” Obviously, there are no
simple answers to this query but, as pointed
out by Dr. Beaton, there is a need to re-
evaluate the impact of existing programs and
to focus on “at risk” individuals. In
particular, the benefit of iron
supplementation during pregnancy should be
evaluated in women with moderate or severe
anemia since the risk of maternal mortality
is related to the severity of the anemia. As
highlighted by Dr. Lozoff, more information
is needed on the importance of iron
deficiency and IDA in early life, in particular
on the functional outcome of deficiency at
different stages during early development.
We now have an important task: to develop

methodologies to evaluate the impact of
programs on functional indicators such as
cognition, behavior, development, etc. in
infants and children. This information would
be very important to better define future
strategies and goals for large-scale public
health interventions.

Anemia can be an indicator of poor nutrition
and/or of poor health. Thus, the complex
etiology of anemia, and the difficulties
related to accurate diagnosis of iron
deficiency, are important considerations
when establishing strategies to combat iron
deficiency and IDA in many regions. Iron
deficiency is a major factor in the etiology of
nutritional anemia and interventions to
increase iron intake and to improve iron
bioavailability are important strategies to
combat anemia. In addition, in many
settings malaria control and deworming can
reduce the prevalence of anemia
significantly, as discussed by Drs. Molyneux
and Drake. Thus, a holistic approach is
needed to combat anemia, iron deficiency,
and IDA—including improved sanitation,
access to health care, and overall better
nutrition. This approach clearly requires a
firm commitment from colleagues in a
number of sectors and stresses the need for
integrated programs. Only by recognizing
the complexity of this public health problem,
can realistic strategies and goals for the real
world situation be established and progress
be made.
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