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PREFACE

For half a billion women in developing
regions worldwide, anemia is a life-long bur-
den, one which affects most of their infants
and young children as well. Controlling ane-
mia in these vulnerable groups could signifi-
cantly reduce maternal and infant morbidity.
It would also enhance intellectual and work
capacity, thereby improving family, commu-
nity and national socioeconomic development.

In May 2002, the General Assembly of
the United Nations reemphasized that control
of nutritional anemia should be one of the
global Development Goals to be achieved in
the early years of this new millennium. Despite
this, the global prevalence of anemia has
hardly declined in the past decade, although
considerable programmatic experience exists
and a vast amount of scientific data has been
compiled on iron metabolism. Much is still
unknown, however, and many new issues
continue to emerge from the ongoing research,
both basic and programmatic. The reasons for
this lack of improvement include the multi-
factorial etiology of anemia, underfunding and
poor program implementation, often designed
on the assumption that the sole cause of
anemia is iron deficiency.

It is increasingly clear that effective con-
trol of anemia requires integrated solutions
that are tailored to the particular needs and
opportunities in each country. Components of
such an approach include food fortification,
micronutrient supplementation of vulnerable
groups (particularly children and women of
childbearing age), education, and dietary
diversification, as well as control of diseases
such as malaria, worm infections, and other

chronic endemic infections. While each of

these can help reduce the burden of anemia,
none is capable of doing the job on its own.

The chapters of this book offer an account
of the information that was presented and
comprehensively discussed at a workshop on
Nutritional Anemia in Barcelona, Spain, on
September 27, 2006, in which all the contribu-
tors to this volume themselves took part. This
event was co-organized by the editors of this
volume. We sought the timely publication of
this book in order to provide the latest update
on the complex causes and consequences of
nutritional anemia, and the effectiveness of
current control strategies. The field of anemia
is clearly of great interest to scientists, policy
makers and program mangers. We hope this
volume will help point the way forward in con-
trolling this major global health problem. The
introductory chapters in this book give an
overview of the global burden of anemia
prevalence, the economic implications and
functional consequences, and the significance
of these factors for policy makers. Subsequent
chapters provide basic scientific information
on iron metabolism and interactions with
macronutrients and micronutrients as well as
the role of infections in fostering anemia.
Other chapters address the information needs
of program managers, detailing programmatic
approaches and outlining the safety and techni-
cal aspects of interventions.

We are particularly grateful to the authors,
who are all leading scholars from UN agencies
and the wider academic world, for their excel-
lent contributions. A special acknowledgement
is also due to all reviewers whose valuable
comments have helped to improve the quality
of the chapters. We would like to give a very
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special thanks to the SIGHT AND LIFE team,
Svenia Sayer-Ruehmann and Anne-Catherine
Frey, for assisting with the workshop as well as
for all their technical support in finalizing this
book. Svenia devoted much of her time and
energies to corresponding with the authors to
ensure that our tight timeline was met. We
would also like to express our deep apprecia-
tion to Jane Badham for her invaluable assis-

tance with the editing of the chapters. Lastly,
we wish to thank SIGHT AND LIFE and DSM,
in particular its President and incoming CEO,
Feike Sijbesma, for his continuing support of
our work and the publication of this book.

Klaus Kraemer
Michael B. Zimmermann



FOREWORD

Every year hunger and undernutrition claim
more than 10 million lives — more than the deaths
from AIDS, malaria and tuberculosis combined.
Many of these people are affected by “hidden
hunger,” a lack of essential vitamins and miner-
als, known as micronutrient deficiencies, which
do not necessarily result in the swollen bellies and
stick-like limbs many associate with serious mal-
nutrition.

The effects of poor nutrition are not always
easy to spot. Undernourished children are less
likely to attend school, more likely to have learn-
ing difficulties, are more susceptible to disease.
They are more likely to die young. Undernour-
ished adults are less capable of providing suffi-
cient food and other necessities for their families.
Their immune systems may be compromised.
Their productivity and income is invariably
lower.

Poor nutrition impacts the health and devel-
opment of individuals. It also retards the eco-
nomic and social development of nations. For
instance, it is estimated that anemia alone causes
US $50 billion in gross domestic product losses
annually.! Reducing the number of hungry and
malnourished people translates into a better qual-
ity of life for individuals, as well as narrowing
national disparities in health, education, and
wealth.

Infants, young children and women of child-
bearing age are those at greatest risk of nutritional

anemia. This condition, which claims one million
lives each year, is associated with increased child
and maternal mortality, stillbirths, low-birth-
weight and premature babies. It is one of the
world's leading causes of disability and can cause
mild mental retardation and decreased work per-
formance.

Caused predominantly by iron-deficiency,
anemia is inextricably linked with people's nutri-
tional status and hunger. In 2000, the United
Nations Sub-Committee on Nutrition reported
that 43% of people in developing countries cur-
rently suffer from anemia?. In spite of the signifi-
cant burden anemia places on health systems and
economies, it has often been overlooked by the
international and public health communities.

This book assembles some of the leading
research on health and nutrition. The evidence
clearly points to the benefits — and feasibility — of
reducing the prevalence of anemia and combating
undernutrition. This textbook also serves as a
guide for how government, international agen-
cies, and non-governmental organizations can
work together to decrease rates of nutritional ane-
mia worldwide. It reviews the most effective
ways of measuring and monitoring the prevalence
of nutritional anemia and the most successful pro-
gram designs for public health interventions.

International organizations, such as the World
Food Programme, depend on such research in
order to deliver the best possible assistance to

1 MacDonald B, Haddad L, Gross R, McLachlan M. A foundation for development.
Administrative Committee on Coordination/Subcommittee on Nutrition. Accessed July 24, 2005.

Available at: http://www.ifpri.org/pubs/books/intnut/intnut.pdf
2
ibid
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hungry and malnourished poor people. These are
the people who have least choice in their diet, and
who are at tremendous risk of anemia and other
micronutrient deficiencies. The World Food Pro-
gramme and its partners help to provide iron sup-
plements and fortified foods in developing coun-
tries around the world.

Iron fortification is one of the most cost-
effective interventions and nutrition education
programs have reduced the prevalence of anemia
among infants and young children by increasing
their consumption of fortified foods. Presently,
the World Food Programme is the world's largest
purchaser of vitamin- and mineral-fortified blended
foods.

Fortified foods alone are not enough. Suc-
cessful delivery of such interventions requires the
strengthening of health systems, increased aware-
ness, and financial investment. An integrated
approach — including better water and sanitation,

infectious disease control, nutrition education,
food security, and poverty-reduction programs —
is required.

Together with partners like DSM and SIGHT
AND LIFE, we can and must do more to reduce
micronutrient deficiencies such as nutritional
anemia. This textbook, which focuses on re-
ducing the prevalence of nutritional anemia, is
key to reducing overall hunger and malnutrition
rates. It is incumbent upon us to use this informa-
tion to combat nutritional anemia, improve the
nutritional status of those in developing countries,
and mitigate one of today's greatest public health
problems.

The health and well being of millions of
hungry women and children depends on it.

James T. Morris
Executive Director
World Food Programme
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INTRODUCTION

Anemia is a widespread public health problem
associated with an increased risk of morbidity
and mortality, especially in pregnant women
and young children (1). Among the numerous
factors, both nutritional (such as vitamin and
mineral deficiencies) and non-nutritional (such
as infection and hemoglobinopathies), that con-
tribute to the onset of anemia, iron deficiency
and malaria play an important role. Given
the role of iron in oxygen transport and the
low levels of available iron in the diets of a
large proportion of the global population, it is
assumed that iron deficiency is one of the
biggest contributing factors to the global burden
of anemia. Iron deficiency is considered one of
the ten leading global risk factors in terms of its
attributable disease burden.

One of the mandates of the World Health
Organization (WHO) is to inform its Member
States about the global health situation. Previous
estimates of anemia prevalence were made for all
population groups in 1985 (2) and 2001 (3), while
estimates of anemia prevalence in women were
made in 1982 (4) and 1992 (5). For these
estimates, the data were collected prior to 1990,
with the exception of the 2001 estimates, which
included data up to 1995, but did not include
detailed description of the methodology on
how the estimates were derived (3). Thus, it is
time to update the global anemia estimates and
provide a current picture of the global situation,
especially in the most affected groups — women
and young children. The objective of this paper
is to present estimates of anemia prevalence in
preschool aged children, pregnant women and
nonpregnant women at global and regional
levels, using data collected by WHO for the
Vitamin and Mineral Nutrition Information Sys-
tem (VMNIS) (http://www.who.int/vmnis). These
estimates are based on the 192 Member States
of WHO, which represent 99.8% of the global
population.

METHODOLOGY

Data collection

We used data from the VMNIS, which are col-
lected from scientific literature and from partners,
including WHO Regional and Country offices,
United Nations organizations, Ministries of
Health, research and academic institutions, and
non-governmental organizations. We searched
MEDLINE and WHO Regional databases system-
atically, and manually searched for articles pub-
lished in non-indexed medical and professional
journals. We included surveys in the VMNIS only
if hemoglobin was measured from -capillary,
venous, or cord blood using quantitative photo-
metric methods or automated cell counters and if
anemia prevalence or mean hemoglobin concen-
trations were reported, while we excluded sur-
veys that measured only clinical signs of anemia
or hematocrit. For the VMNIS, we included data
representative of any administrative level within a
country, including nationally representative data,
surveys representative of a Region, the first
administrative level boundary, second administra-
tive level boundary, or local surveys.

Data selection for the estimates

We selected survey data from the VMNIS on
hemoglobin concentration and/or anemia pre-
valence for each country using four criteria: the
time frame in which the survey took place, the
administrative level for which the survey was
representative (national or sub-national), the sur-
vey sample size, and the population groups sur-
veyed.

The time frame for the current estimates is
1993-2005. If no survey date was provided, we
used the date of publication. Nationally represen-
tative surveys were used preferentially for coun-
try estimates. If two or more national surveys
were available, we used the most recent. When a
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national survey was unavailable for a country, if
two or more surveys representative of the first
administrative boundary within a country (e.g.,
state, province, etc.) were available we pooled
them, weighted by the population size of the
area they represented and used them as represen-
tative of the entire country. A sample size of 100
or more was generally required although we made
some exceptions. If the sample size was between
50 and 100 and the results were being extrap-
olated to fewer than 50,000 people or to preg-
nant women, for whom the number of women
included is usually small, we used the data. When
a country did not have data that met these criteria,
we estimated the prevalence using prediction
models.

Population

We defined the population groups as follows:
preschool aged children (0—4.99 years), pregnant
women (no age range defined), nonpregnant
women (15.00—49.99 years). Wherever possible,
children below 0.5 years of age were excluded
from the estimate for preschool aged children
since the cut-off for anemia is not defined in this
age group. However, the estimate was applied to
the entire population of children less than 5 years
of age. Occasionally, in the nonpregnant women
group, pregnant women could not be excluded
because all women were included in the figure
provided by the country report, but pregnant
women usually made up a small proportion of the
group and thus their exclusion would not be
expected to change the figure significantly. If a
survey reported results by physiological status,
lactating women were combined with other non-
pregnant nonlactating women to provide the esti-
mate for nonpregnant women.

Hemoglobin threshold

The hemoglobin concentration cut-offs to define
anemia are the WHO-recommended cut-offs for
each population group (3): 110 g/L for preschool

aged children and pregnant women and 120 g/L
for nonpregnant women. If anemia prevalence
was adjusted for altitude or smoking in a survey,
the adjusted figure was used since there is statisti-
cal and physiological evidence to support that
hemoglobin distributions vary under these condi-
tions (6, 7). However, we did not adjust data not
already adjusted and we did not accept any other
corrections.

Anemia prevalence from survey data

When the anemia prevalence was reported using
the appropriate hemoglobin threshold, we used
the data provided in the survey. However, if sur-
veys provided mean hemoglobin concentration or
only anemia prevalence for an alternative cut-off,
we derived the prevalence by assuming a normal
distribution of hemoglobin and utilizing other
information provided about the population’s
hemoglobin concentration. We utilized, in order
of preference: the mean and standard deviation
provided in the survey, the mean hemoglobin
concentration alongside the prevalence for an
alternative cut-off to derive a standard deviation,
or the prevalence for an alternative cut-off and
an average standard deviation derived for the
population group from data in the VMNIS.
Since hemoglobin concentrations are likely to
be skewed towards lower values in a population
with a high prevalence of deficiency, we may
have slightly overestimated anemia prevalence in
some populations.

In cases where disaggregated data were
provided or where subnational data were used, we
pooled the data. For data disaggregated by age,
physiological status or any other classification,
we derived anemia prevalence by weighting each
prevalence estimate by its sample size. For subna-
tional data, we weighted the data by the general
population estimate for that area using the most
recently available census data for the country
between 1993 and 2005.
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We considered each estimate representative
of the entire country whether from national or
subnational data. For each estimate, we calculated
the variance in the logit scale using the sample
size and generated a 95% confidence interval as a
measure of uncertainty, which was back-trans-
formed to the original scale (8, 9). We used a
design effect of two to calculate the confidence
interval, since the majority of the surveys
employed cluster sampling, but did not provide an
estimate of their design effect.

Models to estimate anemia prevalence

for countries with no eligible data

The level of development and the health of a
population are closely related. For this reason, we
developed regression models to predict anemia
prevalence in countries with no eligible data,
using health and development indicators. We
started with the 2002 Human Development Index
(HDI) score, a numerical reflection of develop-
ment produced by the United Nations Develop-
ment Programme (UNDP) and comprising indica-
tors of life expectancy, education and wealth (10).
For the 17 WHO Member States with no HDI
score produced by UNDP, an estimate of the
HDI score was generated using a regression
model and the same indicators for life expectancy
and wealth, but a proxy indicator for education
(11-13). HDI explained 22.4-48.9% of the varia-
tion in anemia prevalence in countries with sur-
vey data for the three population groups. To fur-
ther improve the model, we included other health
indicators available from WHO statistics (avail-
able for =190 of 192 WHO Member States) as
potential explanatory variables. Some of these
additional indicators significantly improved the
anemia prediction model and we kept them in
the model. For preschool aged children (n=82),
the additional variables were expenditure on
health and adult female mortality, which together
with HDI explained 55% of the variation in
anemia prevalence. In pregnant women (n=60),
immunization for DTP3 before 1 year of age,

expenditure on health and adult male mortality
were utilized alongside HDI to predict anemia,
explaining 32.3% of the variation in prevalence.
To predict anemia prevalence for nonpregnant
women, population growth rate and expenditure
on health with HDI explained 45.3% of the varia-
tion. For these estimates, we calculated the vari-
ance based on the regression equations and pro-
duced 95% confidence intervals as a measure of
uncertainty.

Classification of anemia as a public health
problem

The prevalence of anemia as a public health prob-
lem is categorized as follows: <5%, no public
health problem; 5-19.9%, mild public health prob-
lem; 20-39.9%, moderate public health problem;
=40%, severe public health problem (3).

Population coverage, population proportion
and number of individuals with anemia

We based these estimates on the 192 WHO Mem-
ber States, which represent 99.8% of the global
population. We calculated the population figures
using the 2006 population projection from the
2004 revision of the United Nations Population
Division (14). We calculated the population fig-
ures for pregnant women based on the total num-
ber of births (time period 2005-2010) by assum-
ing one child per woman per year, not taking into
account spontaneous and induced abortions (14).
For 15 countries with a small population (0.01%
of all women), birth data were unavailable and we
estimated the population figure by applying the
WHO regional birth average per reproductive age
woman (15.0049.99 years) to the number of
reproductive age women in that country.

We estimated the population coverage by
summing the population in countries with esti-
mates based on survey data and dividing this
figure by the total population of that population

group.
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Table 1.1: Percentage of the population covered by actual survey data globally and by UN Region.!

Pop ulg tion Global Africa Asia Europe LAC NA Oceania
group

PreSAC 76.1 76.7 82.1 19.2 70.5 924 5.1
PW 69.0 65.3 80.9 0.9 38.4 92.8 4.7
NPW 73.5 63.6 88.8 239 375 89.9 16.5

I'WHO Member States are stratified by United Nations Regions: Africa, Asia, Europe, Latin America and the Caribbean (LAC),
Northern America (NA), and Oceania.
2 Population groups: PreSAC, preschool aged children (0.00-4.99y); PW, pregnant women (no age range defined); NPW, non-
pregnant women (15.00-49.99y).

Table 1.2: Anemia in preschool aged children, pregnant women and non-pregnant women globally and by

Region.
PreSAC! PW NPW
Area Prevalence | # affected | Prevalence | # affected | Prevalence | # affected
(%)3 (millions) (%)3 (millions) (%)3 (millions)
Global 474 293.1 41.8 56.4 30.2 468.4
(45.7-49.1) |(282.8-303.5)| (39.9—43.8) | (53.8-59.1) | (28.7-31.6) |(446.2-490.6),
UN Region?
Africa 64.6 93.2 55.8 19.3 444 82.9
(61.7-67.5) | (89.1-97.4) | (51.9-59.6) | (18.0-20.7) | (40.9-47.8) | (76.5-89.4)
Asia 47.7 170.0 41.6 31.7 33.0 318.3
(45.2-50.3) |(161.0-178.9)| (39.0-44.2) | (29.7-33.6) | (31.3-34.7) |(302.0-334.6),
Europe 16.7 6.1 18.7 1.4 15.2 26.6
P (10.5-23.0) | (3.8-8.4) | (12.3-25.1) | (0.9-1.8) | (10.5-19.9) | (18.4-34.9)
LAC 39.5 22.3 31.1 3.6 23.5 33.0
(36.0-43.0) | (203-243) | (21.840.4) | (2547 | (15.9-31.0) | (22.443.6)
NA 34 0.8 6.1 0.3 7.6 6.0
2.0-49) | ©4-1.1) | 3488 | 0204 | 5994 | 46-7.3)
Oceania 28.0 0.7 30.4 0.2 20.2 1.5
(15.8-40.2) | (0.4-1.0) | (17.043.9) | (0.1-0.2) (9.5-30.9) (0.7-2.4)

I Population groups: PreSAC, preschool aged children (0.00-4.99y); PW, pregnant women (no age range defined); NPW,
non—pregnant women (15.00-49.99y).
2 WHO Member States are stratified by United Nations Regions: Africa, Asia, Europe, Latin America and the Caribbean (LAC),
Northern America (NA), and Oceania.

395% CI
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We estimated the number of individuals with
anemia for each country and grouping of coun-
tries for all population groups based on the esti-
mated proportion of the population with anemia
for every country and presented the 95% confi-
dence intervals as a measure of uncertainty.

Combining national estimates

We combined country estimates to provide esti-
mates at the global level as well as by United
Nations Region by pooling the data and weight-
ing it by the population that each estimate repre-
sented. We constructed a 95% confidence interval
by using the estimated variance of the weighted
average. For one country without data, no proxy
indicators were available and so no country esti-
mate was generated, but the UN subregional esti-
mate had to be applied to that country to make
regional and global estimates.

RESULTS

All three population groups were covered by a
significant amount of actual data, which covered
between 69.0-76.1% of the population in all
groups (Table 1.1). Coverage varied by UN
Region and was highest in Northern America,
Asia, and Africa, while it was lower in Europe
children had
eligible subnational data, which covered a small

and Oceania. Only preschool

proportion of the population (3.7%) and the
coverage of this group by national data remained
high at 72.3%.

The global prevalence of anemia in preschool
aged children, pregnant women and nonpregnant
women is 47.4%, 41.8%, and 30.2% respectively.
These estimates, the number of individuals
affected, and the information from UN Regions
are presented in Table 1.2. Globally, 818 million
(95% CI; 751-885) women (both pregnant and
nonpregnant) and young children suffer from ane-
mia and over half of these, approximately 520

million (95% CI: 493-547), live in Asia. The
highest prevalence of anemia is in Africa for all
three population groups, but the greatest number
of people affected are in Asia, where 58.0%,
56.1%, and 68.0% of the global anemia burden
exists in preschool aged children, pregnant
women and nonpregnant women respectively.

Anemia as a public health problem

Anemia is a worldwide public health problem.
More than half the world's population of pre-
school aged children and pregnant women reside
in countries where anemia is a severe public
health problem (56.3% and 57.5% respectively)
(Table 1.3). The proportion is lower for nonpreg-
nant women of childbearing age, but still signifi-
cant (29.6%). The degree of severity of the public
health problem by country for preschool aged
children, pregnant women, and nonpregnant
women is presented in Figures 1.1-1.3. Countries
with anemia as a severe public health problem
were grouped in Africa, Asia, and Latin America
and the Caribbean.

DISCUSSION

Globally, almost half of preschool aged children
and pregnant women and close to one third of
nonpregnant women suffer from anemia. Since a
large segment of the population is covered by
actual survey data (69.0-76.1%), these estimates
are likely to reflect the actual global prevalence
of anemia for these population groups. However,
UN regional estimates may be more accurate
for some populations and in some areas since
the coverage varies significantly among regions.
For all three groups, the coverage is the greatest
in three UN regions: North America, Asia, and
Africa. North America is the best covered, but
the number of countries in this region is much
lower (two countries) than in the African (53
countries) and Asian (47 countries) UN regions.
The coverage in the European and Oceania
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Table 1.3: Anemia as a public health problem! in WHO Member States.

PreSAC? PW NPW
Level of
publicb{lealth (s pol;rtcl)lt:tlion 208 pol;rtcl)liltlion w208 poI;FL(l)ltaatlion
rooicm 1 1 1
p countries | oo (%)3 countries 1000's (%) countries 1000's (%)
20570 0 4171
Wone 2 (3.3) 0.0) 1 0.3)
. 40921 11156 647857
Wl 40 6.6) (8.3) 59 41.7)
208472 46162 441285
Moderate 81 (33.7) (34.2) 8 (28.4)
348322 77466 459518
i 69 (56.3) (57.5) >4 (29.6)
192 618285 192 134783 192 1552831

' The prevalence of anemia as a public health problem is categorized as follows: <5%, no public health problem; 5-19.9%,
mild public health problem; 20-39.9%, moderate public health problem; =40%, severe public health problem.
2Population groups: PreSAC, preschool aged children (0.00-4.99y); PW, pregnant women (no age range defined); NPW,

nonpregnant women (15.00-49.99y).

3 This is the percentage of preschool aged children who live in countries where anemia presents this level of a

public health problem.

regions is low, where data are available for less
than one quarter of the population in all groups. In
Latin America and the Caribbean, coverage for
preschool aged children is similar to coverage in
Asia or Africa, but for pregnant and nonpregnant
women it is about half the coverage found in Asia
and Africa.

The pattern of anemia prevalence by region is
similar for the three groups, Africa and Asia being
the most affected. These regions are the poorest
and this may therefore reflect the link between
anemia and development. Compared to North
America, anemia is three times more prevalent in
Europe. One reason may be that the European
region includes countries with a range of social
and economic profiles, especially in the Eastern
subregion. However, the difference remains when
North America is compared to Western or North-
ern Europe, where the countries have more simi-
lar economic profiles to those in North America
(data not shown). It may also be the result of the
low coverage of anemia survey data in Europe
compared to North America. Finally, it could be
that in North America foods are widely fortified

with iron and a high proportion of iron intake
comes from fortified foods (15).

The current estimates are the first to utilize
nationally representative data for China, which
accounts for 20% of the global population. Fur-
thermore, the majority of the surveys used are
nationally representative, which was not the case
for previous estimates. Surveys are also based on
larger sample sizes than many of the previous
estimates. For example, the median sample size in
our estimates was 2,580 preschool aged children,
611 pregnant women, and 4,265 nonpregnant
women; while in the DeMaeyer estimates, the
median number of subjects was 500 for all popu-
lation groups (2). Finally, in these estimates, we
used regression-based equations to generate esti-
mates for countries with no eligible data, consid-
ering the country's health and development situa-
tion. In previous estimates, neighbouring country
information or regional estimates were applied to
countries without data.

These estimates are not quantitatively compa-
rable to previous estimates since the methodolo-



Worldwide prevalence of anemia 9

] 2 I [ ]

Normal (<5.0%) Mild (5.0-19.9%) Moderate (20.0-39.9%)  Servere (>40.0%) No Data

Figure 1.1: Anemia as a public health problem in preschool aged children.

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent approximate border lines for which
there may not yet be full agreement. © WHO 2005. All rights reserved

] Z I I [ ]

Normal (<5.0%) Mild 5.0—19.9%) Moderate (20.0-39.9%)  Servere (>40.0%) No Data

Figure 1.2: Anemia as a public health problem in pregnant women.

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent approximate border lines for which
there may not yet be full agreement. © WHO 2005. All rights reserved
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Normal (<5.0%) Mild (5.0-19.9%)

Moderate (20.0-39.9%)

Servere (>40.0%) No Data

Figure 1.3: Anemia prevelance in non-pregnant women.

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent approximate border lines for which
there may not yet be full agreement. © WHO 2005. All rights reserved

gies used are so different. However, it is interest-
ing to note that DeMaeyer’s anemia estimates
(which excluded China) were 43% for preschool
aged children, 51% in pregnant women, and 35%
in all reproductive aged women. When we
exclude China from our estimates, the prevalence
of anemia is respectively 52%, 44%, and 34%.
The variation in methods and a larger number of
nationally representative surveys in the current
estimates compared with previous estimates may
be responsible for these differences.

In 1992, WHO published the anemia preva-
lence estimates of 37%, 51%, and 35% for all
women, pregnant and nonpregnant respectively.
These estimates included subnational data for
China. Current estimates of 31%, 42%, and 30%
are lower, but this change may be accounted for
by the considerable difference in methods and
coverage of national surveys.

The current estimates do have some limita-
tions. Firstly, we treated all surveys as equal

despite the fact that quality varies greatly and
adjustments are made in some surveys for popula-
tion representativeness, smoking or altitude, but
not in others. Secondly, some surveys covered
only a segment of the population group (e.g.,
3.00—4.99 years for preschool aged children), but
we used these data to make an estimate for the
entire population group. Similarly, the estimates
for pregnant women do not take into account the
trimester assessed by the surveys since it is rarely
reported. However, this could affect the estimate
of anemia prevalence, since prevalence is likely
to be lower early in pregnancy. Also, subnational
data were treated equally to national data even
though they may actually under- or over-estimate
the prevalence of anemia depending on the rea-
sons for which the survey was conducted. Finally,
we had to adjust hemoglobin concentrations for
country estimates which did not present the
prevalence of anemia for the appropriate thresh-
old and we based this adjustment on normal
hemoglobin distribution. In fact, the distribution
may be negatively skewed in populations with a
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high prevalence of anemia and we may have
slightly over-estimated the anemia prevalence in
these populations.

These data on anemia prevalence are based on
the best available information and they are a good
starting point to track progress in eliminating ane-
mia. However, additional information would
allow interventions to be more targeted and spe-
cific.

Anemia in children less than two years of age
is of greatest concern since their rapid growth
requires a high intake of iron which is frequently
not covered by their diet. It was not possible to
estimate the anemia prevalence in this group sep-
arately because of insufficient data. However,
given that almost half the global population of
preschool aged children suffer from anemia, with
a prevalence as high as 64.6% in Africa and
47.7% in Asia, and that we know anemia preva-
lence is higher in the group of children less than
two years old, we would expect that anemia in
this age group is a major global public health
problem, especially in low income countries.

Based on these estimates of anemia preva-
lence, the magnitude of nutritional anemia or
even of iron deficiency anemia is difficult to
assess since most anemia surveys in the WHO
VMNIS do not address the causes of anemia and
are restricted solely to measuring hemoglobin.
More specifically, few surveys provide informa-
tion on iron deficiency, on the relative proportions
of anemia with concomitant iron deficiency, or on
iron deficiency with concomitant anemia. The
surveys that do provide information on iron defi-
ciency often use different indicators and thresh-

olds. The assumption in designing anemia sur-
veys is that iron deficiency is the main cause of
anemia and therefore anemia prevalence can be
used as a proxy for iron deficiency prevalence.
Previously, the US NHANES 1976-80 data were
utilized to estimate iron deficiency from the
prevalence of anemia (3, 16) and it has been
suggested that when anemia prevalence is 20%,
iron deficiency exists in 50% of the population,
and when anemia prevalence is greater than 40%,
the entire population suffers from some degree
of iron deficiency. This assumption may apply to
countries with a high prevalence of anemia and
iron deficiency where the primary cause of ane-
mia is iron deficiency, but does not necessarily
hold in situations where the prevalence of anemia
and iron deficiency are low or where factors other
than iron deficiency (other nutritional deficien-
cies, malaria, infections) cause anemia (17).

In spite of its limitations, anemia prevalence
data remains an important indicator of public
health since anemia is related to morbidity
and mortality in the population groups usually
considered the most vulnerable — preschool aged
children and pregnant women. At a global level,
anemia prevalence is a useful indicator to assess
the impact of widespread or highly effective
interventions and to track the progress made
towards the goal of reducing anemia in pregnant
women and preschool children by one third that
was adopted by the UN Special Session on
Children in 2002 (18). However, in order to make
full use of these prevalence data, information
on the cause of anemia should be collected in
any anemia survey so that interventions for
anemia control can be better adapted to the local
situation and can therefore be more effective.
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INTRODUCTION

The continued persistence of anemiain many
parts of theworld at high levelsisachallenge that
needs to receive the highest priority for attention
and action. Despite the magnitude of the anemia
problem, and the constantly expanding body of
research findings relating to pathogenesis, risk
factors, and efficacious interventions, coverage of
interventions remains poor.

In part thisis because thereisno easy solution
and the approaches that are effective have consid-
erable drawbacks. However, lack of priority may
also be an underlying reason for the lack of
progress. For many decades iron deficiency has
been seen as a “women’s problem.” Moreover, it
is so common, affecting up to three-quarters of
pregnant women in some parts of Asiafor exam-
ple, that it has come to be regarded as normal.
Among policy makers the unspoken view has
seemed to be that women somehow cope and that
iron deficiency is not enough of aproblem to jus-
tify amajor national effort to reduceit.

This view, never justifisble, must surely now
give way under the weight of evidence linking iron
deficiency in early childhood to substantial effects
on physical and intellectual development. In most
developing countries today, iron deficiency is esti-
mated to be preventing 40 to 60% of the population
from reaching their full mental potential.

Several recent globa reviews have under-
scored the urgency to act to address iron defi-
ciency and anemia

* Inthe World Health Report 2002, which quanti-
fied the most important risksto health, iron defi-
ciency wasidentified among the 10 most serious
risksin countrieswith high infant mortality cou-
pled with high adult mortality (1). The same
study found that particular measures to address
iron deficiency anemiaare among the most cost-
effective public health interventions.

« The Copenhagen Consensus 2004 panel of
eminent economists, including several Nobel
Laureates, concluded that the returns of invest-
ing in micronutrient programs (including
iron), among alist of 17 possible development
investments, are second only to those of fight-
ing HIV/AIDS. The benefit-to-cost ratio of
iron interventions based on resource savings,
improvement in cognitive development and
schooling, and physical productivity was esti-
mated to be as high as 200:1 (2).

e The Disease Control Priorities Project (3) has
also highlighted the cost-effectiveness of iron
interventions (66 to 70 USD per DALY
averted for iron fortification).

THE PROGRESS

Interventions to address nutritional anemias tradi-
tionally have focused on providing iron and folic
acid supplements principally to pregnant women
and, to amuch lesser extent, children under 2 years
of age. Iron supplementation in controlled experi-
ments has proven highly efficacious where anemia
is not exacerbated by parasitic infection or malaria.
However, those analyses which have attempted to
assess effectivenessin field settings have generdly
failed to show significant reductions in anemia
prevaence. Further the effectiveness of large-scae
food fortification programs has not been systemati-
caly documented so far, notwithstanding the fact
that some of these programs have been ongoing
for more than 50 years. Data on the conditions
under which food fortification can reduce iron
deficiency isdtill lacking. Overall the god of reduc-
ing “...by onethird the prevalence of anaemia,
including iron deficiency, by 2010...” (4) inwomen
and children is unlikely to be met unless we
strengthen field application of supplementation
efforts coupled with other creative means of
increasing the iron content of diets and enhancing
its absorption.
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Fortunately over the past 10 years there has

been a significant scale-up and intensification of
efforts in several countries to address anemia
and particularly iron deficiency through supple-
mentation and food fortification. These impart
confidence that systematic application of known
interventions can significantly reduce anemia in
field settings and be sustained on a population-
wide basis. Key developments are summarized
below:

There is as we will hear today a better techni-
cal consensus on key issues. There is a better
understanding of the conditions under which
supplementation programs can be effective.
There is sufficient knowledge and experience
with iron supplementation for pregnant women
to design and implement effective national pro-
grams. Programmatic and technica guidelines
(5) reflect a much larger body of experience to
guide effective programming.

In food fortification we have much better in-
formation and guidelines today regarding iron
compounds that are stable and bioavailable (6).
Work continues to refine our knowledge on
what iron compoundswork best under a specific
set of conditions. WHO has just published com-
prehensive guiddines for food fortification with
micronutrients, including iron (7).

The food industry (especially the cerea flour
industry) is aware of the problem and large-
scale fortification has commenced in several
parts of the world, especialy Latin America,
the Middle East/North Africa, and South East
and Central Asia. More than 63 countries are
fortifying al or some of their flour with iron,
folic acid and other nutrients, covering 25% of
the flour that is milled in large roller mills (8).
Fortification with iron is also being extended
on a large scale to cerea flour derivatives
including processed baked products, comple-
mentary foods, noodles, and pastas.

Workable strategies and interventions now
exist to provide iron to children under two
years of age through fortified complementary

foods as well as multinutrient premixes for
addition in the home (9).

Considerable efforts have been invested by the
Micronutrient Initiative, ETH Zurich, and other
organizations in developing and recently taking
to scale the double-fortification of salt. Technol-
ogy is now available for a stable encapsulated
iron premix that can be easily added to iodized
salt. By using the capacity and delivery systems
already established during the push for universal
salt iodization, double-fortified salt is already
being produced and distributed through com-
mercial channels and aso through public pro-
gramsto reach economically weaker sections of
the population. Double-fortified sat could
potentially reach more than 1 billion people
around the world (10).

Since 1999 the Chilean National Supplementary
Feeding Program (PNAC) has been providing 2
kg/month of iron-fortified full-fat powdered
milk to 70% of infants 12 to 18 months of age,
resulting in asignificant decreasein anemia pre-
vaence. Lactating mothers consume it until
their infants are weaned.

Condiments fortified with iron (soy and fish
sauces) are emerging as a mgjor vehicle in
parts of Asia (China, Vietham, and Thailand).
In China, through a project supported by the
Global Alliance for Improved Nutrition
(GAIN), fortified soy sauce is already reach-
ing nearly 12 million people.

Technologies to fortify rice with iron and folic
acid have been developed and successfully
tested for acceptability and efficacy (11).
Thereisagrowing body of work led by the Inter-
national Food Policy Research Indtitute (IFPRI)
and HarvestPlus related to improved varieties of
staple crops such as rice, whesat, and beans with
high iron content. Polished rice with 8 ppm iron
(16 times the level in current commercia vari-
eties) and 20 ppm zinc has been identified in
germplasm collections at the Internationa Rice
Research Ingtitute in the Philippines. Initial stud-
ies using the rice showed efficacy in improving
iron stores of women with iron-poor diets (12).
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High-iron beans with iron levels up to 127 p.g/g
have been identified. The first set of selected
materials combining high iron with superior
agronomic attributes, e.g. drought tolerance,
was recently distributed to African partners for
local evaluation (13).

* The intersection between iron status and infec-
tion isalso being given more attention today and
public health measures are beginning to have an
impact on anemia levels in a few parts of the
world.

These efforts must be supported by an
increase in the amount of attention given to com-
munication, for example in the form of com-
pelling advocacy to those policy makers capable
of mobilizing resources. It is equally important to
foster strategic alliances, reach agreement on pri-
ority target groups, and support behaviora
change. The social marketing perspective is also
critical for iron, particularly when new and
affordable iron-containing products are intro-
duced in asociety or group.

WHAT WOULD IT TAKE TO FIGHT
IDA MORE EFFECTIVELY?

A basic yet formidable chalenge is putting iron
on the agenda of policy makers and development
agencies nationally and globally. Creating aware-
ness, building dliances, and mobilizing actors at all
levelsand sectorsiscriticd. Iron needs globa cham-
pions to communicate the need and urgency for
action.

While the starting point is to address key
issues and propose consensus statements that pro-
vide clarity to policy makers and program plan-
ners in order to strengthen and expand programs,
the information that a policy maker needs does
not flow automatically from scientific consensus
and technological feasibility. We need to build
much better bridges between those that have the
science and technology, those that deliver the

services, and those that have the power to make
the political and financia decisions.

The main challenge in food fortification is to
enable universal fortification of staple foods or
condiments with meaningful levels of iron. This
involves systematic planning and collaboration
with the food processing industry in addressing
issues of coverage, cost, effectiveness, benefits,
and risk in relation to gains, performance of the
technology within the environmental, socioeco-
nomic and cultural context of the recipient popu-
lation, the identification of intended beneficiaries,
their needs, and their social and economic cir-
cumstances. Parallel with improving bioavailabil-
ity of iron compounds (including encapsulated
forms of iron), development of other strategies to
effectively improve iron utilization from the diet
also needs increased attention. Gaining better
knowledge of interactions among various micro-
nutrients (e.g. iron and zinc, vitamins limiting
iron absorption and mobilization) and other
dietary compounds, and of other nutritional and
non-nutritional causes of anemia, pose as chal-
lenges to be overcome for enhanced effectiveness
of interventions.

In the area of iron supplementation, in addi-
tion to timely supply of good quality supplements
and effective delivery systems, there is aso
the challenge of ensuring high compliance for
the supplementation programs to be successful.
Ensuring effectiveness through improved pro-
gramming and assured provision of higher quality
supplements to target groups and addressing fac-
tors that limit motivation to take supplements
have the largest potential to improve program
effectiveness.

The potential of the food industry to create
nutritious complementary foods for young chil-
dren has hardly been tapped and has yet to be
developed. Industrially produced fortified com-
plementary foods are recommended by pediatri-
cians worldwide as an important part of a nutri-
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tionally adequate diet for infants (complementary
to breast milk and home-prepared complementary
foods)—especially to meet the micronutrient re-
quirements of infants for iron and zinc. Beyond
having a superior micronutrient content to that of
home-prepared rice porridge and other traditional
infant foods, industrially fortified complementary
foods also have the advantages of delivering
higher bioavailability of micronutrients, higher
energy density, and higher protein quality, al ina
safe and convenient manner. From the food tech-
nology perspective, the chalenge is to increase
both the energy density of complementary foods
and levels of iron and other nutrients (and elimi-
nate absorption-inhibiting factors) at an afford-
able price. From the public health perspective, we
need a combination of proper regulation that pro-
tects infant health yet supports industrial innova-
tion, and strong public education on appropriate
practices of feeding and caring for infants and
young children. Large and rapid growth in the
production and consumption of fortified comple-
mentary foods will be possible only through an
effective public-private social marketing partner-
ship to increase the percentage of infants and
young children who are fed fortified complemen-
tary foods and promote the use of fortified com-
plementary foods only in the latter half of infancy
and the second year of life.

While recent studies have questioned the
safety of iron supplementation for young children
in malaria-endemic areas, apreliminary statement
from WHO has recommended that the con-
clusions not be extrapolated to fortification or
food-based applications where patterns of iron
absorption and metabolism may be substantially
different (14).

THE WAY FORWARD
Clearly a more effective anemia strategy will

involve concurrent efforts to address inadequate
iron intake and to reduce concurrent infections,

particularly parasitic and malarial. Given the
highly regulated nature of iron absorption, no sin-
gle intervention will revert and prevent IDA in
any given population. A combination of interven-
tions need to be universally advocated and imple-
mented including supplementation of at-risk groups,
universal and targeted fortification, dietary modi-
fication, parasitic disease and malaria control, and
vitamin A interventions, in addition to overal
education of policy makers, professionals and
the public. The proper combination of effective
strategies will vary according to each country’s
epidemiological, socioeconomic, political and
cultural context.

Programmatically, the priority in global
efforts to increase the iron intakes of vulnerable
populations amost certainly should be given to
national scale programs for:

« Fortification of staple foods, condiments, and
complementary foods with bioavailable forms
of iron (care is needed in selecting the com-
pound and the level of fortification);

* Iron supplementation programs for the highest
priority population groups: pregnant women,
children under two and adolescent girls.

« While bhiofortification of crops with iron is
not yet ready for widespread application, it is
clearly one of the interventions of the future and
needs to be aligned with crop improvement
effortsfor key staplesand promotion/adoption at
the regulatory, farmer and consumer level.

Country strategies must be tailored to suit
specific national paradigms, combining comple-
mentary and effective interventions that will
result in the most cost-effective model. In the
wider picture there is certainly need to establish
and scale up effective technologies (especialy in
using iron compounds that do not impart color or
react with food matrices while offering a good
bioavailability). Beyond the technology we need
to tackle on a parallel track the operational con-
siderations related to making programs work in
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communities where iron-deficient people live.
I ssues of demand, supply and logistics, communi-
cations and community participation, partnership
building across a wide spectrum of players— pub-
lic and private — are equally important to ensure
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INTRODUCTION

There is abundant evidence that iron deficiency
anemia is associated with a range of hedth conse-
quences, as reviewed in the various chapters of this
volume. Similarly, evidence from various clinica
and field trias shows the potential for practical
interventions to reduce some of these undesirable
health outcomes. This chapter addresses the
question of how programs aiming to diminish the
risks of poor health associated with anemiacan be
evaluated in economic terms.

The first step in such an evaluation is to state
the costs of the iron deficiency anemia in dollar
terms so as to have the consequences in a unit of
measurement that isin common with other claims
on public resources. This differs from the calcula-
tion of effectiveness of an intervention in terms of
natural units (such asincreasesin life expectancy)
or in terms of disability adjusted life years
(DALY's), a composite measure that combines
years lived with disability and years lost to pre-
mature death in a single metric (1).

Using an economic denominator facilitates
aggregation of different benefits from the same
intervention, for example, with a deworming
program that reduces anemia as well asfacilitates
ponderal growth and vitamin A absorption. More
important in many contexts is the fact that such
a metric permits the comparison of health pro-
grams with interventions outside the health area

Q).

There are two genera approaches to such
estimates of economic benefits. First, one can cal-
culate what the expected gains in economic terms
would be if a case of anemia were prevented.
Alternatively, one could estimate the impact on
GNP if anemia could be reduced. The latter dif-
fersfrom theformer in that it scalestheindividual
gains by the prevalence rate of anemia, and has
the strong advantage of motivating political will.
However, the former is most amenable to com-

parisons of intervention costs and expected bene-
fits, as discussed below.

The economic gains from reducing any
micronutrient deficiency can come from both cost
reductions (say, by reducing the costs associated
with mortality or morbidity) or from enhanced
productivity. At least six distinct categories of
economic benefits from improved nutrition can
be identified:

1) Reduced infant and child mortality.

2) Reduced costs of hedlth care for neonates,
infants, and children.

3) Productivity gain from improved physical
capacity.

4) Productivity gain from increased cognitive
ability.

5) Reduction in costs of chronic diseases.

6) Intergenerational benefits through improved
health.

Placing precise numbers on the economic value
from any one of these benefits involves a range of
assumptions and adaptationsto the country context.
A particularly vexing problem is how to quantify
the economic cost of early mortality. Most simply,
this can be based on the expected lifetime earnings
of theindividual. Other approachesarelinked to the
revealed behavior of either individuals or govern-
ments. For example, the vadue of a Satisticd life
(VSL) can be derived from the premium paid to a
worker to induce him or her to accept employment
that incrementally increases the risk of mortality
(3). The magnitude of the higher wage relative to
the decreasein life expectancy provides an estimate
of how the employee values the risk. Typicaly,
such estimatesin dollar terms are in the seven dig-
its range for alifetime or over $100,000 (US) per
year of life expectancy. Estimates are higher in
wedthier countries, athough the proportiona
increase in the VSL is generdly less than the
increase in nationa income. An aternative
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approach to valuing reduced mortality isbased on
the behavior of governments. In particular, the
resources actually used in a society to avert a
death provide an estimate of the average value
that the public places on averting a death (4).

These two approaches generally result in esti-
mates that are far apart, but as they measure dif-
ferent things they cannot be directly compared.
Due in part to the inherent limitations of such
methodologies, many approaches to estimating
the economic benefits of nutrition interventions
only indicate costs in terms of productivity —and
they can be considerablein their ownright, asdis-
cussed in Section 2. Other studies report sensitiv-
ity estimates and details on the underlying
assumptions, so that it is possible to seeif the eco-
nomic rationale for an investment changes over a
reasonable range of presumed values for deferred
mortality (5). A further and flexible alternative is
to provide results in terms of DALY s and then to
convert the DALYs into dollar terms using a
range of estimates. One study suggests a range
between $1,000 and $5,000 (6, see also 7).

As with any analysis of causdlity, it is neces-
sary to distinguish the specific consequences of
anemia from its correlates when determining the
expected benefits from a specific intervention.
Thisisless of an issue with respect to contempo-
raneous impacts of anemia on productivity, since
there are experimental approaches that have been
used to directly assess changes in productivity. In
such cases, however, it is still important to deter-
mine the incentive structure a beneficiary faces; a
capacity for increased work does not necessarily
translate into increased effort unless there are
incentives for the worker to increase perfor-
mance. Still, it is comparatively straightforward
to assign a value to the output from increased
effort, controlling for economic context.

The impact of improved iron status during
childhood on subsequent adult productivity, how-
ever, is seldom obtained directly from experimen-
tal evidence. In the absence of longitudinal stud-
ies that track experimental interventions over
decades, in order to estimate the economic impact
of increased cognitive development due to sup-
plementation or fortification in childhood, it is
necessary to draw upon the general literature on
productivity enhancement. For a given changein
an indicator of cognitive ability, the change on
subsequent earnings must be estimated using a
maintained assumption that the relationship
between 1Q or similar cognitive measures and
earningsis not affected by thetype of intervention
that influences the indicator.t

One such estimate of the impact of 1Q on
earnings, conditional on years of schooling, uses
data from the United States (8). For men, the
impact of a half standard deviation declinein I1Q
on the logarithm of wages was 0.05, or dlightly
more than the impact of an additiona year of
post-secondary schooling. Using the same data
set, but a different measure of ability, another
study shows that the net impact of ability is both
the direct impact on wages as well as the impact
that works through schooling choices (9). Using
the methodol ogy of the latter study disaggregated
by gender and ethnic group, as well as including
other background variables, but without school-
ing, a half standard deviation declinein cognitive
ability leads to 8-12% lower wages.

A different measure of cognitive ability — per-
formance on Raven’'s matrices — was used in a
study of wages in rural Pakistan (10) that found a
similar pattern in the effect of ability on wages
with and without controlling for the impact of
ability on schooling. This study found that a half
standard deviation decline in this measure leads

INon cognitive skills may have as much, or more, impact on earnings. However, while these may be influenced by devel opmental
programs, it isless clear that they are malleable to micronutrient interventions.
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to a 6.5% reduction in wages, in estimates that
do not include schoaling in the regression. The
point estimate drops by two thirds in estimates
that include both years of schooling as well
as achievement in school, both of which are
indirectly affected by ability. Overal, these and
similar studies cited in Behrman, Alderman and
Hoddinott (2) imply an impact of a half standard
deviation change in IQ on earnings in the neigh-
borhood of 5%.

Since improvements are the result of inter-
vention in childhood, for any comparison of the
program costs of such benefits, it is necessary to
account for the time lag between the intervention
and the stream of benefits. That is, unlike the
direct productivity effects due to increased work
capacity following iron fortification or supple-
mentation, there is typicaly a 10-15 year lag
between interventions that increase the cognitive
capacity of children and the stream of benefits,
which commences only when they enter the labor
market and which continues for their whole work-
ing life. Benefits incurred at different times have
to be given different economic values, due to the
fact that monetary intervention carries a greater
long-term impact if it takes effect early in life
rather than later. Thisis also because the sooner it
is obtained, then economic benefits can be rein-
vested and further productive returns gained.

Unfortunately, although the rationale for dis-
counting future benefits is not in dispute, thereis
no unambiguous way to determine this discount
rate. For example, DALYs are typicaly calcu-
lated using a fairly low discount of 3% per year
(1) while rates of 10% have been proposed for
World Bank investments (11). All discount rates
reduce the present value of future benefitsrelative
to current costs; the larger the discount rate, the
greater the importance given to immediate
returns.

A final consideration before discussing the
potential economic benefits as well as the cost of

interventions in addressing iron deficiency ane-
mia is whether low income countries can expect
that robust income growth will address the need
for interventionsat all. Even though it is currently
widespread, if anemia were to decline rapidly in
concurrence with progress in providing equitable
growth, it might be a moot point to prioritize pro-
grams which tackle iron deficiency. Unfortu-
nately, while such a viewpoint is often expressed
in regards to malnutrition in general, the Millen-
nium Development Goa (MDG) of reducing
underweight is unlikely to be met with income
growth (12): Iron deficiency anemiais even less
responsive to economic growth.

For example, for every 10% increase in
income per capita, the percentage of underweight
children declines by 5%; asimilar estimate under-
taken for this paper using data from Mason,
Rivers and Helwig (13) shows that a 10%
increase in income per capitais associated with a
decline of only 2.5% in prevalence rates of ane-
mia in children 0-59 months old. This estimate
asoreveasadlight trendin lower rates of anemia
over time, after controlling for national incomes.

Table 3.1 illustrates a similar difference be-
tween the rates at which underweight and anemia
decline, using the example of India. Asindicated,
the share of children in the upper income quintile
that are underweight is less that half the share in
the lower income group. However, the percentage
of children that are anemic declines by only 20%.
There are few multivariate estimates of the deter-
minants of anemia in the literature. One study,
from Indonesia (14), looked at hemoglobin con-
centration, which admittedly is not synonymous
with anemia rates. Still, this analysis found that
for every 10% increase of household per capita
expenditures, hemoglobin concentration in chil-
dren increased by only 0.2%. Thus, it would take
afivefold increase of income to raise hemoglobin
concentration by 1 g/dL, an improvement that is
feasible in controlled trials of supplementation
and fortification.
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Table 3.1: Percentage of Indian children under 5 that are malnourished, presented by income quintiles (45).

Income quintiles waﬁﬁﬁ%é\% %t%gr\l:g r;gt\évr:g;\rd Pera(\:negrtnﬁe( afBCIli:II_?_rge?d\II;Ii i
Male Female Both Mae Female Both
Lowest 59.7 61.5 60.7 80.2 77.2 78.8
Second 517 56.5 54.0 80.0 77.8 79.0
Middle 47.2 51.3 49.2 75.0 75.1 75.1
Fourth 37.6 40.3 38.9 733 711 72.3
Highest 25.2 27.6 26.4 65.1 62.7 63.9

ESTIMATING THE COST OF ANEMIA

Section 1 identified six categories of costs of
anemia. Of these, there are more estimates for
three of the categories: 1) - infant and child and
maternal mortality; 2) productivity gains from
improved physical capacity; and 3) productivity
gains from increased cognitive ability. The
literature examining possible effects of iron on
morbidity is very recent; there islittle on chronic
disease. We simply do not have results of iron
intervention studies on young girls, which require
us to track them longitudinally in order to look
at pregnancy outcomes and intergenerational
benefits.

There are two key groups for whom iron has
been identified as affecting mortality, namely
women in childbirth, and infants during the peri-
natal period. In one study it is estimated that 20%
of perinatal mortality, and 10% of maternal mor-
tality in developing countries, is attributable to
iron deficiency. The study suggests that “0.8 mil-
lion (1.5%) of desaths worldwide are attributable
to iron deficiency, 1.3% of male deaths and 1.8%
of female deaths. Attributable DALYs are even
greater, amounting to the loss of about 35 million
hedth life years (2.4% of global DALYs). Of
these DALYs, 12.5 million (36%) occurred in
SEARD, 4.3 million (12.4%) inWPR B, and 10.1

million (29%) in Africa’ (15). (Note that SEAR
refers to Southeast Asia Region, and WPR
refers to Western Pacific Region, using the WHO
categories). These estimates are based on the
known relation between maternal and perinatal
mortality rates and hemoglobin levels in blood.
Thus nutritional anemia is associated with a
significant health burden. This could be converted
to an economic burden using methods suggested
in Section 1.

The cost of lost adult productivity associated
with anemia has been investigated intensively.
Intervention studies both in the laboratory and in
thefield date back to the 1970s. Iron interventions
in well-controlled studies have clear impacts on
physical capacity (both maximal work capacity
and endurance) and have been demonstrated to
have productivity impacts in the order of 5% on
light manual 1abor, and as high as 17% on heavy
manual labor (16). A recent ongoing study in
Indonesia confirms effects on the income of the
self-employed as being as high as 20% for men
and 6% for women, confirming the potentially
largeimpact on productivity and, by inference, on
income aswell (17).

Productivity changes of this size have poten-
tially important economic impacts in poor coun-
tries where anemia levels are high, and manual
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labor is a significant proportion of employment.
Estimates of the annual costs per person of
the current levels of anemia in nine developing
countries range from $0.62 to almost $4.00, using
data from 1994. One cavest is that these are typi-
caly labor-surplus economies. Arguably, in-
creased productivity might not be asimportant as
in a labor-scarce country; on the other hand the
loss of productivity in physical activity outside
the market economy (carrying water, collecting
wood, etc.) might have further effects on the
quality of life that market statistics on GDP do
not capture.

Estimates of the effects of iron intervention
on children’s cognitive ability and therefore sub-
sequent adult economic productivity are more
speculative, relying on linking iron interventions
to mental and motor abilities in children under
2 and to cognitive ability in children over 2, and
inferring the effects on adult productivity. Inter-
vention studies suggest that there are adverse
effects of iron deficiency in children, with defi-
ciencies in the second year of life perhaps being
very critical: When anemialevels are particularly
high while growth is very rapid, there may poten-
tially be irreversibilities. One can infer that the
anemia potentially reduces adult earnings (due to
cognitive effects) by 2.5%, based on a series of
assumptions.

A recent study of an iron intervention with alon-
gitudinal follow-up over a period of 18 years con-
firmsthat these estimates may be reasonable (18).
Children were enrolled in the study between the
ages of 1 and 2. Anemia was corrected with iron
supplements for those children in the intervention
group. All children received cognitive tests in
early childhood (below age 2), and again at ages
5-8, 11-14, 15-18, and 19. (The specific tests
included Bayley tests in infancy, and age-appro-
priate Wechsler tests and other cognitive tests at
later ages.) The results were not reported for the
intervention group versus the control group, but
rather for those without anemia at the end of the

intervention (either because anemia was cor-
rected, or because they had not been anemic), ver-
sus those whose anemia had not been corrected
(i.e., a subset of the control group). The nonane-
miagroup contained a higher proportion of higher
socioeconomic status (SES) households (since
anemia status is somewhat correlated with SES).
The results are quite striking. In the middle SES
group, those with adeguate iron status scored 8-9
points above those who remained anemic in early
childhood, a difference that was maintained up to
age 19. In the lower SES group, those with ade-
quate iron status scored 10 points higher in early
childhood, a gap which widened to 25 points at
age 19. These results suggest that iron deficiency
below age 2 does indeed have significant effects
on life course: a difference in cognitive score of
this magnitude is known to have effects on
schooling and on earnings.

The results are not as powerful as results
which directly compare intervention and control,
since the measure of SES used does not perfectly
control for al other household factors which
affect ability independent of iron status. Never-
theless, the results are intriguing.

The estimated effect of a 2.5% loss of earn-
ings due to cognitive losses in childhood for nine
developing countriesimplies an additional loss of
per capita of GDP which ranges from $0.21-1.88
(these represent present values of discounted
future lifetime losses (16). The total losses per
capita (due to physical productivity as well as
cognitive losses) amount to $0.83-4.81, or
0.37-1.86% of GDP. The range is from approxi-
mately 1-2% in the poor countriesin South Asia,
and 0.4-1% in the other developing countries
considered (in sub-Saharan Africa, Latin Amer-
ica, and the Middle East). These losses amount to
billions of dollars annually, which is very consid-
erable, especially when compared to the modest
costs of decreasing nutritional anemia discussed
in the next section.
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ECONOMIC COSTS OF ACHIEVING
REDUCTIONS IN NUTRITIONAL ANEMIA

In this section wefirst discuss five conceptual and
practical issuesinvolved in cal culating cost-effec-
tiveness of interventions, before turning to the
evidence. We focus largely on interventions
affecting iron, as the most common nutrient
whose deficiency is associated with anemia. Lit-
erature on the cost-effectiveness of other nutrients
affecting anemiais extremely limited.

Thefirst issue isthat there may be more than
one outcome of interest for interventions aimed at
reducing anemia. Some interventions (those
affecting pregnant women in particular) may
improve maternal hemoglobin and hence reduce
maternal and perinatal mortality. For these inter-
ventions, the DALY is a useful measure of out-
come. Other interventions (for example affecting
the iron status of children and working adults)
may affect economic productivity. In the case of
children, this occurs with a long lag mediated by
improvements in cognitive development. For
adults, this may occur very quickly via effects on
endurance and on maximal work capacity, and
hence on productivity, particularly in manual
work. However, since these interventions do not
have identical outcomes, cost-effectiveness rank-
ings based on different outcome measures do not
yield a unique ranking.

Section 1 discussed how one might assign a
dollar value to a DALY, and hence combine out-
comes measured in DALY s with those (related to
economic productivity) in dollars. Evenif oneis
willing to make the (very large) assumptions
involved, there is no agreement on the value of
human life in al countries over al time, and
hence no unique ranking is possible either within
Or across countries.

A second issue is that in measuring cost-
effectiveness, it is usualy too costly or time-con-
suming to collect data on the ultimate outcomes

of interest (i.e., DALYs or economic productiv-
ity). A study of the effects on economic produc-
tivity due to improved nutrition in children under
2 would take 20 or more years to complete.
Instead, we usually rely on information from
existing studies as to how a proximate indicator
affects the ultimate outcome of interest, and then
messure the effects of the intervention on the
proximate indicator. The two most commonly
used proximate indicators are proportion anemic
(or severely anemic), and (more recently) hemo-
globin (asmeasured in g/dL). There are also other
indicators of iron status which are used, for iron
deficiency anemia (serum ferritin, erythrocyte
protoporphyrin, etc.).

These two proximate indicators do not yield
identical results, since after al each isasummary
mesasure of a distribution of hemoglobin levels.
The older literature uses proportion anemic. For
example, the early literature on mortality out-
comes used maternal anemia as the predictor, and
the early studies on adult productivity all use ane-
mia. However, more recent literature suggests
that this has some disadvantages. There may be
functional impairments associated with iron defi-
ciency not associated with anemia; and it is
thought that only approximately half of measured
anemia can be attributed to iron deficiency.

More recently, the literature has moved to
using hemoglobin level as a proximate indicator,
providing additiona insights. For example, once
hemoglobin level was used, a strong association
with perinatal mortality was documented (19).
Similarly, while anemia was found to be surpris-
ingly invariant to supplementation, hemoglobin
levels do respond. Unfortunately, many of the
older studies on adult productivity used anemia
and have not been replicated (or reinterpreted)
using hemoglobin levels. This causes some diffi-
cultiesin calculating cost-effectiveness.

A third issue is that some interventions affect
not only nutritional anemia, but also other health
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and economic outcomes. For example, deworm-
ing (see Section 3.3 below for references) can be
effective in improving hemoglobin levels, and
one might assume that the major link is through
decreased hookworm infestation. However,
anthelmintic treatment usually targets a range of
helminthes, and, as such, may improve not only
the iron status but also other aspects of nutrition.
Hence, if cost per DALY gained is used as an
indicator for deworming, it may be that a propor-
tion of the DALY s gained are not related to nutri-
tiona anemia. Deworming might appear cost-
effective when considering DALY gained, but
less cost-effective if only nutritional anemiais of
interest.

A fourth issue isthat cost-effectiveness varies
with the scale of the program, since both the
effectivenessin terms of changesin outcomeindi-
cators (different rates of adherence, for example)
and cost structures may depend on coverage (20).
Costs may decrease over timeif there are start-up
costs to establishing a program, such as investing
in physical infrastructure, or if atargeting system
needs to be put into place (21). Similarly, costs
per beneficiary may decrease if there are appre-
ciable fixed costs of administration that can be
spread over larger programs without proportional
increases in size. Cost, however, may aso
increase with scale, for example if capacity con-
straints are reached and new investments are
required. Costs will aso increase with program
expansion if it isinitiated in the most accessible
communities and expanded into harder to reach
target groups. In addition to these scale
economies and diseconomies there may be
economies of scope that come from linking serv-
ices such as the addition of deworming to vitamin
A supplementation programs, or the combination
of health and nutrition services, asin along term
study of programmatic and economic synergiesin
Narangwal, India (22).

A study of vitamin A fortification in the
Philippinesillustrates the interplay of distribution

objectives and rising margina costs (23). The
study notes that fortification was more cost-effec-
tive than supplementation for 70% of the popula-
tion, but that cost-effective expansion beyond this
base was better achieved with supplementation.
This study is aso one of the relatively few that
attempts to indicate the value of the community
volunteers' time, and not just that of staff, in
health posts.

The fifth and final general point on the costs
of interventions is the distinction between public
and private costs. Since taxation generally creates
economic distortions — often referred to as dead-
weight loss — the costs of a dollar of government
revenues is generally more than a dollar to the
economy (24). In a few cases, if a sector or
department budget is fixed in the short run, pro-
gram costs are a zero sum tradeoff for other
budget items, but in most cases the economic
rationale for a project is the full resource cost,
including the cost of raising revenue. Note, how-
ever, that benefits that are expressed in terms of
saving expenditures — for example, reduced hos-
pital or outpatient costs or reduced school repeti-
tion — would also be expressed in terms of the
costs of revenue.

In the rest of this section we summarize the
evidence on cost-effectiveness of interventionsto
reduce nutritional anemia. We focus amost
exclusively on interventions affecting iron status,
since, “Other nutrient deficiencies, such as vita
min B,,, pyridoxine (PN) and copper are of little
public health significance because of their infre-
quency” (25). In our discussion, we include not
only interventions to increase intake of nutrients,
but also anthelmintic treatment, which also
directly affects nutrient status (viauptake and loss
of ingested nutrients).

We also limit the discussion to interventions
primarily aimed at nutritional anemia. Given that
anemiais aso related to infection (malaria being
particularly important), interventions affecting
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infection will also reduce anemia; bednets appear
particularly cost-effective: the 90% range for cost
per DALY is $5.00-31.00 (26).

We consider in the next four subsections for-
tification (including home fortification), supple-
mentation, deworming, and finally conclude with
some discussion of longer-run solutions such as
home gardening, dietary diversification and bio-
fortification. Literature on the cost-effectiveness
of the longer-run interventions is sparse. The
summary tables (Table 3.2, Table 3.3) are not
comprehensive, but rather include a selection of
the more recent studies.

When interpreting the literature, the five
issues discussed above should be borne in mind.
The results may focus on outcomes (DALY's or
dollars) or proximate indicators (anemia, hemo-
globin). There may also be multiple outcomes, for
example growth or reduction of schistosomiasis
(particularly for interventions involving deworm-
ing). Care must also be taken to identify if cost-
effectiveness estimates are based on program
experience or simply ex ante calculations that
depend crucialy on the quality of the assump-
tions made. Costs depend on scale, and finally,
the costs of a program which reduces other costs
are different than those which require additional
taxation.

Fortification

Table 3.2 summarizes some of the growing num-
bers of studies involving fortification. An issue
with earlier studies of country-wide fortification
programs was that there were no control groups.
This has been remedied more recently. Most stud-
ies suggest that fortification is associated with
reductions in anemia and increases in mean
hemoglobin. In turn, studies have projected
changes in these indicators to outcomes such as
mortality (27) and economic productivity (16).
When calculated by the cost per DALY saved or
the Benefit-to-Cost Ratio (BCR), iron fortifica

tion is one of the most attractive public health
interventions available.

There is much literature on how fortification
with iron can be deployed most effectively (for
example, the type of iron compound used, the
type of food vehicle used, the need for monitoring
and quality assurance, the safe amount of fortifi-
cation) (28). There are also limitations to fortifi-
cation, as discussed elsewherein this volume. For
example, it requires some centralization of food
processing. Moreover, many vehicles for fortifi-
cation are consumed in small quantities by low
income households, even when the fortified prod-
uct is readily available, and often not at all by
marginal populations mainly relying on subsis-
tence production. There are additional limitations
in reaching very young children. (Global Alliance
for Improved Nutrition [GAIN]) is currently
encouraging work on affordable fortification of
weaning foods, using local production. Moreover,
fortification aone does not meet the full needs
of some population subgroups (pregnant and
lactating women in particular).

The unit cost (cost per person per year) of for-
tification is generaly in the range of $0.10-1.00
(the highest cost being for fortifying beverages,
including milk). The costs of fortification are
often passed on to the consumer, and thus do not
incur the extra deadweight costs of raising rev-
enue referred to above. However, some fortified
products — for example milk used in school pro-
gramsin many Latin American countries—would
not be consumed in sufficient quantities by low
income households in the absence of subsidies.
These subsidies are on the cost of the product
itself and not only on the relatively small cost of
iron fortification.

The example of fortifying food in school
feeding programs with iron illustrates the fact
that, should a government decide on an in-kind
transfer program, the additional or margina costs
of adding asupplement or fortification to that pro-
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gram is generaly a small share of the tota
program costs and may be able to enhance the
nutritional value of the program as indicated in a
pilot fortification scheme of milk distribution in
Mexico (29). Similarly, another pilot — still under

evaluation — is investigating the impact and cost-
effectiveness of distribution of multiple micronu-
trients, including iron syrup, Sprinkles or fortified
complementary food (all three with identical
micronutrient content) to the beneficiaries of

Table 3.2: Summary of cost-effectiveness information, fortification interventions.

I ntervention type

Country, year
published, reference

Cost-€ffectiveness or
costs and effects

Comments

Fortification of food

Fortification of drinking
water (iron sulphate
and ascorbic acid),
preschool children

Brazil 2005 (39)

(for 8 months);
Hb increase from 11.8
to 12.4 g/dL; Anemia
fell from 43.2% to 21%

X . AfricaD
with elemental iron, ; $20/DALY (Afr D) .
80% of population Soug‘ggfé%a D. | gaopALY (seap) | Hypothetical study
covered
Fortification of wheat Model, Returns 6:1 (physical Hypothetical study,
or maize with nine countries, productivity only), 9:1 | based on fortification
ferrous sulphate 2003 (16) (including cognitive) program data
$0.007/capitalyear; | Household randomized
A Increasein Hb 0.39 | controlled trial (RCT),
';)rtgéﬁitémg to 0.85 g/dL 18 months
NeE e‘éDT - feted China 2005 (46) (varies by age/sex); 3
all houséhol ds Decrease in anemia Costs probably artifi-
16-42% cialy low because of
(varies by age/sex) Chinese currency
$0.19/capita

No control group, also
tested for parasites
and dewormed if posi-
tiveat 1 and 4 months

Fortification of
wheat/maize flour with
iron and B vitamins,

Venezuela 1996 (47)

$0.12/capitalyear;
Anemiafell from 19%
to 10% in school age

No control group

A, C, B, andfolic acid

than in control

for whole population children
$0.22/capitalyear;
Fortification of salt Anemiafell 22 percent-
with iron and iodine Morocco 2003 (48) age pointsmorein RCT a} ;%tho'd
for households treatment group after
9 months

Fortification of sub- .

sidized milk with iron Mexico 2005 (29 APemlafgll tlng% t Treatment/control
sulphate, zinc, vitamins exico (29) | points morein treatmen communities

Note: D refers to aWHO categorization of countries based on disease profile




The economics of adressing nutritional anemia 29

Oportunidades, a targeted poverty program that
provides up to $250 per child per year, after not-
ing that earlier beneficiaries had high levels of
anemia. Yet another example of enhancing food
distribution programs by inclusion of fortification
isseenin apilot program in the northeast of India
that replaces the standard flour ration included in
the public distribution system with fortified flour.

Although many of the benefits of fortification
accrue to private individuals, few countries rely
on market mechanisms al one to promote fortifica-
tion. In addition to subsidies, regulatory means
are used to increase coverage. Even in developed
countries with varied diets, fortification with iron
remains mandatory. For example, thereis manda-
tory fortification with iron and other nutrients of
eight different cereal products in the USA (30),
three different cereal productsin Canada, flour in
the UK, and one or more cerea products in 16
countries in Latin America and the Caribbean, as
well asin at least 10 other developing countries.

Home fortification (with products such as
Sprinkles or Nutrasets) is arelatively new devel-
opment, and lies somewhere between fortification
and supplementation. Home fortification may
entail a sachet of micronutrients designed to be
sprinkled on the meal of ayoung child, or perhaps
a fortified spread which can be used in conjunc-
tion with bread or another cereal product. These
are generally more costly per capita than popula-
tion-based fortification, because of the packaging
and distribution costs. Nevertheless, for popula-
tions (refugees, isolated regions) or particular age
groups (young children) which cannot be reached
by population based fortification, or for groups
who do not purchase sufficient quantities of forti-
fied products, thismay be a cost-effective alterna-
tive. In Table 3.3 the results for one hypothetical
example using Sprinkles (31) has a high (37:1)
benefit-to-cost ratio, although this is predicated
on the strong assumption that a4 month interven-
tion at crucial ages in childhood has a major
impact on cognitive outcomes. This is probably

too optimistic, and it would be necessary to con-
tinue delivery of iron to children throughout a
longer period.

Supplementation

There have been many supplementation studies,
since iron supplementation during pregnancy and
lactation is considered essential. Costs per person
are estimated in the $2.00-5.00 range, athough
often such cited costs do not fully cover the costs
of personnel. However, results in programs at
scale have been disappointing (32). In efficacy
trials, iron supplementation has been associated
with reducing the prevalence of anemia at term
and correcting maternal anemia, with longer-term
smaller-dose supplementation being more effec-
tive than short-term, large-dose supplementation.
Neverthel ess, often the implementation of supple-
mentation programs have not led to a significant
decrease in anemia, with possible reasons being
inefficiencies in supply, beneficiaries lack of
adherence to recommended dosage frequency
(perhaps related to side-effects), and insufficient
support and monitoring from front-line workers.

The type of personnel support provided in the
efficacy trialswould almost certainly make apro-
gram at scale quite expensive. In the successful
efficacy trials, considerable supervision is
required to ensure that supplements are con-
sumed, and households are typically only given
supplies for a month or less because of the possi-
bility of small children ingesting a toxic dose.
Thus, although trials find that supplementation
has a favorable benefit-to-cost ratio (however,
perhaps five times more costly than fortification
in per DALY terms) (27), these have been diffi-
cult to redlizein practice.

One promising field trial of supplementation
with iron and folate took place in a community in
Nepal characterized by both high rates of low birth
weight (LBW) and anemia (33). The authors found
that it was necessary to reach 11 women with the
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Table 3.3: Summary of cost-effectiveness information,

supplementation interventions, home fortification,

deworming.
g Country, year Cost-€ffectiveness or
Interveniion type published, reference costs and effects CHERERE
Home fortification, Present value of
Sprinkles for children Pakistan 2006 (31) productivity gains Hypothetical model
mainly 6-12 months $37 per $1.00 spent
Supplementation with AfricaD, $105/DALY Africa, Hypothetical, no use of
- . ! $182/DALY Asia -
iron, 80% population Southeast AsiaD, s . any supplementation
(cost is higher in other
coverage 2004 (27) regions) program outcomes
Iron reqluced risk of -
Supplementation for becomln_g s;g;rely I‘«’C]:I'i]I positive effects
reschool children . anemic =5 of deworrning on
pres L Tanzania 2004 (38) (not significant); growth; positive effects
with daily iron; Mebendazole reduced | of i dd ;
deworming (4-cell trial) endazole reduc of iron and deworming
moderate anemia 17% on appetite
in children <24 months
Weekly supplementation Average Hb 0.2 g/dL |ﬁ(l;?o obsezr(\)/%lflgrc%n;ﬁ
for adults, deworming : higher in treatment than Lo
1 and 6 months; Indonesia 2004 (17) in control (men) and 6:)//0 ;ﬂreﬁom?éagm_
6 months results so far 0.1 higher (women) sdlf-employed
Deworming of Average Hb 0.16 g/dL
school-age children higher in treatment than $5.00 DALY averted,
Kenya 2004 (36) . predominantly due
(once, observed control, anemia 2 to schistosomiasis
12 months later) percentage points lower

Note: D refers to aWHO categorization of countries based on disease profile

micronutrient supplements in order to prevent one
case of LBW. While no cost data were provided in
the published study, Christian and West (personal
communication) estimated that the costs of $64 per
pregnant woman reached during the experimental
phase could be reduced to $13 in an ongoing pro-
gram. Given the fact that onein 11 births would be
a direct beneficiary in terms of averted LBW, the
cost during thetrial does not represent an economi-
cdly efficient intervention using an estimate of
$510 of benefits per low birth weight averted (34).

However, if at least one third of this possible cost
reduction can berealized, the intervention would be
efficient. Moreover, due to economies of scope,
such acost would also alow provision of vitamin A
at little marginal cost and, thus, might reduce both
infant and maternal mortality.

Deworming
Periodic deworming is known to be simple and
safe, and can have significant effects on nutri-
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tional status (including iron status, particularly
where hookworm is concerned) as well as on
school attendance. One study estimated that it
costs $3.50 to increase school participation by
one child year viadeworming of childrenin Kenya
(35), presumably partialy mediated through
reduced anemia (though this was not assessed).
Similarly, acombined program of deworming and
supplementation was found to increase preschool
participation in Delhi. Using a range of plausible
assumptions, this was extrapolated to the esti-
mated impact on earnings, with an additional
$29 earned expected for a cost of $1.70 (36).

Few studies of deworming have measured
iron status. One recent study found significant
effects of deworming on anemia in children less
than 2 years old in Tanzania (37), whereas the
effect of iron supplementation in the trial was not
significant. In the same study, deworming
affected growth but iron supplementation did not.
Another ongoing study in Indonesia publicizes
the effect of iron supplementation in adults on
wages and on anemia, but does not highlight the
fact that some of the effects may be attributable to
periodic (twice-yearly) deworming (17). Simi-
larly, a study of iron fortification of drinking
water in Brazil (38) does not highlight the possi-
ble importance of deworming infected children
early in the supplementation trial. Moreover,
deworming isprobably fiveto 10 timeslesscostly
than supplementation; deworming might cost
$0.50/year, compared to $2.00-5.00 for moni-
tored supplementation.

Longer run interventions
Inthelonger run, increased dietary diversity isthe
main mechanism to improve nutritional quality of

the diet. Home gardening approaches to address-
ing nutritional anemia, however, are somewhat
problematic in low income countries due to the
low bioavailability of nonheme iron and the rela-
tively high cost of hemeiron. There are effortsto
increase home production of small animals, but
almost no good cost-effectiveness data.

Biofortification — increasing nutrient density
and availability through plant breeding using both
conventional crop breeding and biotechnology —
is a possible exception. These approaches are
promising (39, 40) but involve extensive (and, to
date, uncertain) fixed costs for technology gener-
ation. There are, however, few, if any, incremental
variable costs of operation over the general costs
of producing a crop which has increased iron
availability.2

Given that mineral micronutrients comprise
less than 10 parts per million in milled rice, it is
unlikely that such amounts will affect the taste,
appearance, or texture of rice or wheat in a man-
ner that affects consumer demand. Thus, the fixed
costs of research can potentially be spread over a
large population base. Results from Bangladesh
suggest that a 50% increase in iron intakes
derived from fortified rice would reduce anemia
by as much as 6% (42). Similar improvementsin
iron status have been obtained from trials with
non anemic women in the Philippines (43).

Because improved cultivarsthat are denser in
iron are still being developed, there are no ex post
assessments of rates of return to these invest-
ments. One ex ante study (40) provides estimates
of the benefit-to-cost ratios of the dissemination
of iron dense varieties of rice and wheat in India
and Bangladesh, assuming a 25 year time period

2nprinciple, if acultivar had higher production costs this would lead either to lower adoption or to a possible subsidy (a recurrent
cost). However, trials with varieties of rice and whesat that seem most promising for biofortification with iron suggest that these
nutritionally enhanced cultivars are more resistant to disease and environmental stress: Their roots release chemical compounds
that unbind trace minerals present in most soils, and thus they require less chemical inputs (41).
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with no benefits in the first 10 years, with costs
after that associated only with plant breeding and
dissemination. Using a 3% discount rate and
incorporating an alowance for maintenance costs
over the following 15 years, the present value of
these costs is estimated at $35.9 million. Benefits
accrue from years 11 to 25. Conservatively, it is
assumed that these improved varieties are
adopted on only 10% of the area devoted to rice
and wheat, and that they reduce anemia rates by
only 3%, averting 44 million cases of anemia
annually. The present discounted lifetime value of
a case of anemia averted is $27.50 (16). Using
these assumptions, thetotal present value of nutri-
tion benefits is $694 million, giving a benefit-to-
cost ratio of 19:1, or an internd rate of return of
29%.3

CONCLUSIONS AND NEXT STEPS

The first section pointed out some of the practical
and conceptual issues involved in estimating the
economic magnitude of costs both of iron defi-
ciency and of interventions designed to reduce
nutritional anemia. None of these issues are insu-
perable, and Section 2 provided some estimates of
the costs of iron deficiency, through three of the
key mechanisms. Current studies (looking at
broader impact, for example self-employment
earnings, and longitudinal studies of children who
received iron interventions) serve to endorse still
further the heavy costs of iron deficiency.

Policy-makers are not unaware of the costs of
deficiency, but the key issue for policy has been
the difficulties in finding cost-effective interven-
tions which reduce iron deficiency, previously
measured using anemiarates, and now preferably
by blood hemoglobin level.

Given the very high proportion of the popula-
tion with iron deficiency or anemiain most devel-
oping countries, mandatory fortification of some
widely consumed foods should be considered in
al countries. Although there is some leakage to
non-deficient populations, these costs, in many
situations, arelikely lessthan that incurred by tar-
geting and may not have a substantial effect on
cost-effectiveness. The literature considers possi-
ble risks (in malaria aress, and to individuas
with conditions such as thalassemia), but in gen-
era the good of the overall population is consid-
ered of overriding importance. Estimated costs
are of the order of $0.10-$1.00 per person per
year, with the benefit-to-cost ratio to the order of
6:1 (physical benefits to adults) or as high as 9:1
(also including estimated cognitive benefits to
children).

Supplementation has an important role for
selected population groups, particularly pregnant
and lactating women, whose needs cannot be met
by fortification; however continued operational
research is required to design programs which
work cost-effectively in the field. Home fortifica
tion (a kind of hybrid between fortification and
supplementation) holds considerable promise for
groups who cannot readily be reached by fortifi-
cation, such as weaning-age children, and vulner-
able groups in areas not reached by commer-
cially-processed foods or who purchase only
small quantities of such foods. Supplementation
costs are of the order of $2.00-5.00 per person per
year, and in favorable circumstances economic
benefits may exceed costs. Homefortification tar-
geted at small children at vulnerable ages might
have a similar cost, but a better benefit-to-cost
ratio.

The importance of deworming has probably
been overlooked. Several recent studies of both

3 The study only presents estimates for a discount rate of 3%. Under the assumption that the benefits are distributed evenly over the
11-25 year period, with a discount rate of 5% the benefit-to-cost ratio would be 11.6.
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fortification and supplementation suggest that it
works synergistically with fortification and sup-
plementation, rendering both likely to be more
cost-effective. While it has been primarily used
for school-age children, it may be as important if
not even more important for preschool children.
One hypothesis is that although worm loads are
lower in younger children, the impact on absorb-
tion in the gut is more disruptive (38). There are
studies suggesting programs can cost-effectively
reach preschool children (44). Costs are approxi-
mately $0.50/person/year, and the benefit-to-cost
ratio may be comparable to that for fortification.
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INTRODUCTION

Anemia, defined as alow concentration of hemo-
globin (Hb) in blood, can be caused by severa
factors. Besides diseases which lead to losses of
blood or impairment of the production of Hb,
nutrition plays the most important role. Some
vitamins like vitamin B,,, folic acid and ribo-
flavin influence the formation of Hb but the most
important nutritional factor isiron deficiency, the
most frequently occurring micronutrient defi-
ciency in both developed and less developed
countries. Since iron deficiency usually responds
to iron supplementation or fortification, the
assessment of iron status is crucial in the evalua-
tion of nutritional anemia. There are some clinical
indicators for iron deficiency, with chronic
fatigue the most important, but they are usually
unspecific symptoms (1). The evaluation of the
iron intake (differentiated in heme and non-heme
iron) might also be helpful but the diagnosisrelies
mainly on biochemical indicators, especialy for
the early stages of iron deficiency. Usualy iron
deficiency occurs in three sequentialy develop-
ing stages: depleted iron stores, iron deficient ery-
thropoiesis and iron deficiency anemia. These
stages can be analyzed biochemically (Table 4.1)
and there is now an agreement that the measure-
ment of Hb, ferritin and soluble transferrin recep-
tor (sTfR), complemented with indicators of
acute and chronic infections, isthe best procedure
for evaluating iron status. Unfortunately this is

usually adifficult and costly procedure. Therefore
part of this chapter will address the problem on
how to make this measurement simple and inex-
pensive, with afocus on developing countries.

ASSESSMENT OF THE VARIOUS
BIOCHEMICAL INDICATORS

Hemoglobin

For the diagnosis of nutritional anemia, it is
essential to measure Hb in blood. It is one of the
most common and least expensive measurements
done in anutritional laboratory. Since it involves
only the dilution of e.g. 20 wL whole blood with
5mL Drabkin's reagent and measuring the
absorption at 540 nm it is aso one of the easiest
measurements. |nexpensive kits, which are avail-
able from several manufactures, include controls
which help in getting the correct values. The only
critical step is to dilute exactly the EDTA or
heparin-anticoagul ated blood. To be able to meas-
ure Hb in the field and small offices portable
hemoglobinometers are available. Probably the
best known is Hemocue (www.hemocue.com). It
uses disposable cuvettes which only need a drop of
blood from the finger and cost around 1 USD per
cuvette. Currently used cut off values and factors
which influence them are shown in Table 4.2 and
Table 4.3. Unfortunately the measurement of Hb is

Table 4.1: Influence of the iron status on various indicators in absence of other diseases
(modified from [4], for sTfR a method specific cut off value has to be used).

Hb Ferritin (ug/L) sTfR
Iron overload Above cut off > 300 Low
Normal Above cut off 100 + 60 Normal
Depleted iron stores Above cut off 20 Normal
Iron deficient :
erythropoiesis Above cut off 10 High
Iron deficiency .
. Below cut off <10 High
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not very sensitive or specific for iron deficiency ().
Only the third stage of iron deficiency affects the
Hb synthesis and there are anumber of other condi-
tions and diseases which influence the Hb concen-
tretion. To find out if iron deficiency is responsible
for the anemia it is usually necessary to include
other indicators which are more sensitive and spe-
cific for the iron status. If this is not possible, an
alternative can be to compare the Hb distribution
curve from young children, women in childbearing
age and men. If the shift between men and the other
groups is bigger than in a standard reference group
it indicates that the iron supply is not enough for
young children and women, who have a relative
higher requirement than men (2).

Ferritin

Currently the most important indicator for the
iron status is the measurement of ferritin. The
plasma content correlates well with the iron
stores, and in the first stage of iron deficiency the
concentration of ferritin already decreases, which
makes it the most sensitive parameter. Low fer-
ritin always indicates storage iron depletion.
Since ferritin isincreased by a number of factors,
especialy infection and inflammation, a high
valueisnot inevitably asign of agood iron status.
To solvethisproblem it is helpful to also measure
parameters for acute and chronic infection, to dis-
cover subjects in which the ferritin concentration
might be increased by infection. Currently the

Table 4.2: Normally used cut offs for hemoglobin
to define anemia (4).

Cut off

Children

aged 0.5-5 years <logL
Children

aged 5-11 years <l5gL
Children

aged 12-13 years <1209l

Men <130 g/L

Non-pregnant women <120 g/L

Pregnant women <110 g/L

most used parameter for acute infections is C-
reactive protein (CRP) and for chronic infections
alpha-1 glycoprotein (AGP). Another solution is
to measure an indicator like sTfR, which is less
influenced by infection. Until now there are no
clear cut off values for ferritin but they usually
range between 10 and 30 pg/L. A ferritin vaue
below 10 wg/L certainly shows iron deficiency.
Because of its common use the cost for ferritin
ELISA kitsis quite low and starts at around 100
USD for a 96 well plate including standards and
controls. The cost of the chemicals for immuno-
turbidimetric measurements or radioimmunoas-
say areinthe samerange. By including astandard
clinical chemistry control, which usually has val-
ues for ferritin in different concentrations, it is
relatively easy to check the reliability of the fer-

Table 4.3: Influences of various factors on the Hb cut off (all values are approximated) (4).

Effect
Race African descent 5-10 g/L lower
Smoking 3-7 g/L higher
Living in atitude 1000 m 1 g/L higher
1500 m 4 g/L higher
2000 m 7 g/L higher
2500 m 12 g/L higher
3000 m 18 g/L higher
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ritin measurement. Unfortunately the cut off of
ferritin is near the detection limit of most meth-
ods, where the accuracy of the measurements is
usualy less reliable. The lowest ferritin concen-
tration in the clinical controlsis also mostly rela-
tively high (around five times more than the cut
off value) which can make the calculation of
prevalence rates unreliable especialy when a
value of 10 pg/L isused.

Solubletransferrin receptor (STfR)

Inthelast 10to 15 yearssTfR isincreasingly used
to detect iron deficiency anemia, mainly in situa-
tions where infection is a factor, which increases
ferritin but has much less influence on the sTfR
level. The sTfR isreleased from the cells into the
blood stream depending on the iron requirements.
The concentration isincreased in the second stage
of iron deficiency, after the iron stores are ex-
hausted and the Hb concentration is till abovethe
cut off level. It istherefore aless sensitive param-
eter than ferritin but more sensitive than Hb.
Unfortunately there is still no international certi-
fied standard available and each method or kit has
its own cut off value. Since the different methods
correlate very well it is relatively easy to get the
same prevalence rates when the appropriate cut
off value is used. Usually an ELISA or turbidi-
metric technique is used to measure STfR. The
cost for these kits is till much more expensive
than for ferritin (around four times higher).
Therefore the measurement of STfR is usually
limited to small studies or well funded surveys.
Something which may substantialy reduce the
cost of estimating iron deficiency in population
groups is the combined measurement of ferritin
and sTfR. The ratio of the two indicators enables
the calculation of the iron stores in mg/kg body
weight similar to the results of bone marrow
staining, which is the gold standard in defining
iron deficiency. Since this increases the sensitiv-
ity to detect iron deficiency by severa times, with
amuch smaller sample sizeitis possible to obtain
the same information (3).

VARIOUS OTHER PARAMETERS

Hematocrit

The hematocrit usualy correlates well with Hb,
but is even less sensitive for iron deficiency than
Hb. Thereforeit is not a very helpful indicator in
the diagnosis of nutritional anemia.

Iron saturation of plasmatransferrin (ratio

of plasma iron to total iron binding capacity)
and mean corpuscular volume (MCV)

Under clinical settings where automatic clinical/
hematology analyzers are available, theiron satura-
tion of plasmatransferrin and MCV are well estab-
lished indicators and relatively inexpensive to
measure. A low saturation of transferrin with iron
and areduced size of the erythrocytesindicate iron
deficiency, but the specificity of both indicators is
not high. A large number of clinical disorders affect
the transferrin saturation (1) and plasmairon has a
marked diurnal variation. MCV is dso avery late
indicator for iron deficiency. In nutrition surveys or
a standard nutrition lab where the automated ana-
lyzers are not available, the manual methods to
measure these indicators are cumbersome and error
prone (4). Therefore ferritin/sTfR are usually the
more useful indicators under these circumstances.

Zinc protopor phyrin (ZnPP)

In iron deficiency the iron in protoporphyrin is
substituted by zinc and can be measured selec-
tively by hematoflourometry (4). This happens
aready in the second stage of iron deficiency
before the Hb falls under the cut off levels, which
makes ZnPP a more sensitive parameter than Hb.
A special hematoflourometer costs around 10,000
USD and weighs lessthan 10 kg. It isavery sim-
ple and robust measurement and can be useful in
screening for iron deficiency (5). The most criti-
cal factor to keep in mind when using ZnPPis the
influence of lead, which increases ZnPP. In most
cases it is probably not significant, but normal
environmental exposure can influence the ZnPP
in blood (1).
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RESEARCH NEEDS AND
NEW DEVELOPMENTS

It isnow clear, and aso recommended by awork-
shop of the WHO/CDC (6), that the combination
of Hb, ferritin, STfR and parameters of infection
(e.g. CRP and AGP) are the best indicators to
measure iron status. To implement this there is a
great need for the following improvements, espe-
cialy in developing countries:

* Reducing the cost: The measurement of Hbis
simple and inexpensive, but the measurement
of al other parametersis usually quite expen-
sive. With the standard methods, the chemi-
cals can cost more than 15 USD to measure
one sample and together with the labor and
fix cost of alab the expenses can easily more
than double.

* Improving the throughput: It is obvious that
taking four independent measurements of the
same sample is a very inefficient procedure.
Therefore acombined measurement would be
very helpful.

» Increasing the sensitivity: Very often only a
small amount of blood is available, e.g. from
a finger prick or a dried blood spot (DBS),
which requires avery sensitive method, espe-
cidly for ferritin where the cut off is below
30 pglL.

* Increasing the robustness: In a standard clini-
cal chemistry laboratory it may be expected
that the results are reliable, but everyone who
has to work under difficult environmental con-
ditionsknowsthat unreliable measurementsare
one of the biggest problems, resulting in wrong
decisions and waste of resources.

Since ferritin, sTfR, CRP and AGP are pro-
teins, immunological methods like ELISA, radia
immunodiffusion (RID) or turbidimetry are possi-
ble methods to quantify them. Radioimmunoas-
saysare still in usefor the measurement of ferritin
but they are replaced now by other methods,
which create no problem with radioactive waste.
Because of its high sensitivity and low technical

Figure 4.1: Collection of DBS (first vertically dried
for some minutes and then horizontally stored over-
night in the low humidity environment of the desic-
cant box).

requirements the ELISA technique is very often
the method of choice for the measurement of
these proteins. There are several companies
which offer ELISA kitsfor these proteins. Since a
kit with a96 well plate costs between 100 and 400
USD for each protein, the easiest way to reduce
the cost for an ELISA is to establish in-house
ELISA methods. By a simple exchange of the
antibodies it is aso possible to make a combined
measurement, and depending on the number of
samples which are measured the cost for the
chemicals can be reduced to less than 5 USD for
all four proteins (7). Unfortunately ELISA tech-
niques are not the most robust methods, and some
experience is needed in order to get reliable
results. RID is a very robust and simple method
but the sensitivity is limited. Therefore there are
currently no kits available to measure ferritin or
sTfR with RID. Turbidimetric methods can be
more robust and easier to automatize but until
now conventional turbidimetry hasn't been tested
for sufficient sensitivity and suitability for acom-
bined measurement. In clinical settings the most
convenient aternative approach to measure these
proteins is via autoanayzer, e.g. the machines
from Roche/Hitachi which offer the measurement
of all four proteins. They use aspecia turbidimet-
ric procedure to increase the sengitivity but the
machines are costly and the expenses for the
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chemicals are comparable with ELISA kits. The
use of this method must therefore be justified by
its higher convenience and potentially higher reli-
ability.

Dried blood spots

Collecting blood samples in the field with cen-
trifugation and freezing and sending them frozen
to the laboratory is a laborious procedure and
sometimes not possible. The best solution would
be to have arobust method in the field to measure
these indicators directly, but except for Hb and
with some limitation ZnPP it is currently not
possible. Therefore the collection of blood sam-
ples on filter paper can be an alternative
(Figures 4.1 and 4.2). It doesn’t require the cen-
trifugation of the blood samples and there is no
freezing or frozen transport to the laboratory nec-

essary. Hb can be measured in DBS by directly
extracting the Hb in Drabkin's reagent but usually
the recovery of Hb is dightly reduced (3 to 4%).
If this is not corrected it can have significant
influence on the detection of anemia prevalence
(8), especially when a large number of subjects
have Hb values around the cut off value. Ferritin
cannot be measured in DBS since erythrocytes
have a high content of ferritin, which doesn’t cor-
relate well with ferritin in plasma. An alternative
isto centrifuge the sample and to measure ferritin
in dried plasma spots (9, 10). Unfortunately this
makes only the storage and transport of the sam-
ples easier. Something that has to be kept in mind
isthe relative instability of STfR. Therefore strict
rules have to be followed (good drying overnight
inalow humidity environment and storage below
20°C) to get reliable sTfR results from DBS.

DBSand
Hole punch

Extraction of DBSin
96 deep well plate

Multichannel
Pipette

Final ELISA plate
for measurement

Figure 4.2: Principle of DBS measurement (shown here for ferritin, sTfR, RBP and CRP).
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INTRODUCTION

As noted elsewhere in this volume, on a global
basis iron deficiency is the most widespread
micronutrient and overall nutritional deficiency.
As stated by the World Health Organization
(WHO), “the numbers are staggering: 2 billion
people — over 30% of the world's population —
are anemic with about 1 billion suffering from
iron deficiency anemia. In many developing
countries one out of two preghant woman and
more than one out of every three preschool chil-
dren are estimated to be anemic” (1). In countries
where meat consumption islow, such asIndiaand
many in sub-Saharan Africa, up to 90% of wo-
men are or become anemic during pregnancy.(2)

WHO egtimates that some 800,000 deaths
worldwide are attributable to iron deficiency ane-
mia (3) and this disease remains among the 15
leading contributors to the global burden of dis-
ease. As measured in disability adjusted life years
(DALYs), iron deficiency anemia accounts for
25 million, or 2.4%, of the tota (4). This sum-
mary of the functional consequences of iron defi-
ciency begins with a brief outline of the iron sta-
tus in humans in general, and the variations that
are normal at different life stages for males and
females. The iron status of individuals ranges
from iron excess to degrees of iron deficiency
anemia. Although iron needs vary for different
groups based on such factors asrapid growth (late
infancy, adolescence, pregnancy) and differences
in normal iron losses (menstruation, childbirth), a
relatively powerful self regulatory process in the
intestinal tract increases iron absorption progres-
sively with iron depletion and decreases absorp-
tion with repletion over awide range of intakes.

Women tend to have substantially lower iron
stores than men (one eighth of total body iron in
women compared to one third in men), making
them more vulnerable to iron deficiency when
iron intake is lowered or need increases. Women
of reproductive age lose iron during menses and

have a substantially higher need for iron during
pregnancy, because of the increase in red cell vol-
ume of the mother and placental and fetal growth
(5). This substantially increases their risk of iron
deficiency anemia. The rapid growth of infants,
especialy between 6-24 months, includes a ma-
jor increase in overal red blood cell and tissue
volume. Their need for iron during this period is
proportionately nearly as great as that of pregnant
women, and is difficult to meet through breast-
feeding and common complementary feeding
practices alone.

If thereistoo little iron in the diet, if the iron
consumed is poorly bicavailable or if the overall
meal contents interact to curtail availability
beyond the range of the body’s ability to upregu-
|ate absorption to meet iron needs, stored iron will
be used up and iron deficiency will occur.

The stages of iron deficiency for various
population age and sex groups are shown in Fig-
ure 5.1 (6). The first stage, depletion of iron
stores, has no functional changes. Where iron
stores are exhausted, and tissues begin to have
insufficient iron, the resulting condition is iron
deficiency. Negative effects, which have been
found among those who are iron deficient but not
outright anemic, include cognitive impairment,
decreased physical capacity, and reduced immu-
nity, and are more serious with iron deficiency
anemia (7). Anemia severity increases as hemo-
globin concentration or hematocrit values de-
crease below the range for the healthy reference
sample of the same age and sex as set by WHO
(see Table 5.1 and 5.2). Severe iron deficiency
anemia can be fatal.

A normal male body has in total approxi-
mately 4.0 g of iron and anormal woman an aver-
age of 2.5 g. Approximately 65% of the body's
iron isin hemoglobin in circulating red cells and
in the muscle protein myoglobin. In men, about a
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Figure5.1: Iron status in relation to iron stores. Source (6).

Measurements of iron status in realtionship to body iron stores (mg). Negative iron stores indicate the amount of iron that must be
replaced in circulating red cells before iron reserves can re-accumul ate.

Table 5.1: Hemoglobin and hematocrit cutoffs used to define anemiain people living at sea level (48).

Age or sex group Hemoglobin below g/dL Hematocrit below (%)
Children 6 months to 5 years 11.0 33
Children 5-11 years 115 34
Children 12-13 years 12.0 36
Non-pregnant women 12.0 36
Pregnant women 11.0 33
Men 13.0 39
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Table 5.2: Stages of anemia. Source (48) and values used in demographic and health surveys.

Anemia measured by hemoglobin (g/dL)
Anemia Mild Moderate Severe

6_‘;3':]‘1;?1% ] <11.0 10-10.9 7.0-9.9 <7.0

5?;“1'32;’:5 <115 10-114 7.0-9.9 <70

12%'}!{’;‘;;5 <120 10-11.9 7.0-9.9 <7.0
Non-pregnant

women above <12.0 10-11.9 7.0-9.9 <7.0

15 years
Pregnant women <11.0 10-10.9 7.0-99 <7.0
: abovcla\/lleSnyears) <130 12-12.9 9.0-11.9 <9.0

Note: Hemoglobin values change with altitude and formulas are available to adjust hemoglobin values at different dtitudes to

define anemia.

third of total body iron is stored in ferritin and
hemosiderin in the liver, and for women the
stored proportion is considerably lower, about
one eighth. Iron is aso found in many essential
iron dependent enzymes and other biochemically
active iron compounds.

| RON DEFICIENCY ANEMIA AND ITS
CONSEQUENCES

Weskness and fatigue have long been associated
with the pallor that reflects anemia, and current sci-
ence points to adverse functional consegquences
from iron deficiency even before anemiais present.
Studies have shown that mild iron deficiency
anemia among those who are not physically active

may have relatively few consegquences because
compensatory mechanisms function to more com-
pletely extract oxygen from hemoglobin in tissues,
increase cardiac output and redirect blood flow to
the heart muscles and brain (8) .

The risk of iron deficiency anemia during
pregnancy is high because additiona iron is
needed to supply the mother’s expanding blood
volume (an approximate 20% increase) and to
support the rapid growth of the fetus and placenta
(5). During the second half of pregnancy theiron
required cannot be easily met by diet (9). Even
most healthy women do not have sufficient body
stores of iron only to support an average preg-
nancy. Only about 0.3 mg of the approximately
85 mg of iron (10) needed can be mobilized from
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stores. The additional amount is essential and is
very often well beyond that made available
through common diets, especially those common
for women in many developing countries. Even
though pregnant women have been shown to
absorb moreiron from foods, a high prevalence of
anemia during the third trimester of pregnancy
has been consistently shown. In the United States
approximately 30% of pregnant women from
lower income groups are found to be anemic (11).

Moderate (Hb 70-90 ¢g/L) and severe
(Hb <70 ¢/L) anemia are associated with in-
creased maternal and child mortality and infec-
tious diseases (12). Increased risk of maternal
death may be related to severa factors, including
cardiac failure during labor with severe anemia to
lower tolerance of hemorrhagic blood loss during
childbirth. Moderate to severely anemic pregnant
women also appear to have slower healing times
and increased risk of infection. All of these fac-
tors require further research.

Based on epidemiologic studies, anemia dur-
ing early pregnancy has been associated with
preterm (13, 14) and low birth weight; both fac-
tors are associated with greater risk of feta and
neonatal death. Favorable pregnancy outcomes
occur 30-45% less often in anemic mothers, and
infants of anemic mothers are less likely to have
normal iron reserves (5).

In summary, a pregnant woman who is ane-
mic has a significantly higher risk of maternal
mortality, prenatal infant loss, and prematurity.
Her infant is at greater risk of death, and is more
likely to be below normal birth weight and to be
born with poorer iron stores. Such an infant is
more likely to become iron deficient and anemic
before six months of age.

| RON DEFICIENCY IN INFANCY AND
EARLY CHILDHOOD

Considerable emphasis is placed on reducing the
prevalence of iron deficiency ininfancy and early
childhood, because alarge body of evidenceindi-
cates that poor iron status negatively affects cog-
nitive, motor and social development during this
period of rapid growth and development (14) Iron
deficiency anemia has been shown to have signi-
ficant adverse effects on infants between 6 months
and 24 years of age, that include decreases in
responsiveness and activity, as well as increases
in body tension and fatigue. Depending on the age
at which anemia occurs and its severity, some
developmental deficits can be improved or even
corrected with iron treatment, but with iron defi-
ciency in infancy some cognitive and social dif-
ferences can remain permanent (15).

The risk of iron deficiency is high during
infancy because only about 50% of the iron
requirement of a norma six month old can be
obtained from breast milk, and by this age the
stores received at birth are likely to have been
used to support normal functions and growth even
in children born at term of well nourished mo-
thers. If the mother is anemic and/or the child is of
low birth weight, the stores are depleted much
earlier. Continued breastfeeding alonewill supply
only half of the infant's iron needs, while the
other half, approximately 4 mg/day, must come
from complementary foods or an iron containing
supplement if iron deficiency anemia is to be
avoided. Where well fortified infant cereals are
avalable and affordable, they provide the re-
quired iron, as doesiron fortified infant formula.

The high risk of iron deficiency anemia in
children 6-24 months of age is clearly shown in

1The major benefits to breastfeeding are well recognized and strategies to prevent iron deficiency in infants and young children
should in no way discourage exclusive breastfeeding for about six months, but rather assure that additional and adequate levels of
absorbable iron are part of the nutrition of normal birth weight children 6-24 months of age.
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Figure 5.2: Mean hemoglobin levels (g/dL) of children. Grouped by age in months from 19 population sur-

veys (total n=31,859). Source (49).

analysis of pooled datafrom 18 Demographic and
Health Surveys (DHS) from 11 devel oping coun-
tries. Cohorts of children selected by months of
age from 6-24 months from more than 31,000
children for which hemoglobin had been mea-
sured found approximately 50% anemia among
cohorts of children in each montly age group (see
Figure5.2).

For infants younger than six months, espe-
cidly in developing countries, several factors
may lead to an iron status inadequate for normal
growth and devel opment. Studies have also found
the infants of mothers suffering from anemia dur-
ing pregnancy have lower iron stores at birth.
Cutting the pulsing umbilical cord before iron
rich cord blood is transferred to the newborn aso
results in lower iron in the infant at birth. Low
birth weights account for up to 20% of infantsin
poorly nourished populations, and these infants
receive low levels of iron stores based on lower

overall tissue and blood volume at birth. These
facts, compounded by the increased iron needs
associated with the rapid weight gain of low birth
weight infants, are the basis for the WHO and
UNICEF recommendation that low birth weight
infants receive supplementary iron beginning
a two months (16, 17), and continuing up to
24 months of age (18).

| RON DEFICIENCY IN
SCHOOLCHILDREN

Iron deficient schoolchildren in Indonesia and
India have been found to have poorer perfor-
mance than those with normal iron status, and
lower performance could be substantialy im-
proved after 12 weeks of iron supplementation
(19, 20). A positive association between iron sta-
tus and performance was also found in a large
double blind study of 1,358 children 9-11 years
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old in Thailand (21), where schoolchildren who
were anemic had significantly lower scores in
Thal language mathematics and other subjects
than iron replete children. However, in this study
there was no significant improvement following
14 weeks of daily iron supplementation that
restored hemoglobin levelsto normal. It was sug-
gested that their iron deficiency as schoolchildren
reflected the iron deficiency that they had suf-
fered ininfancy.

Iron deficiency is disadvantageous to achieve-
ment of schoolchildren in various environments
and across cultural groups, with serious implica-
tion for the effectiveness of education in many
developing countries.

|RON DEFICIENCY AND TEMPERATURE
REGULATION

Iron deficient rats are unable to maintain their
body temperatures when exposed to low environ-
mental temperatures (22, 23). Severe iron defi-
ciency anemia lowered the ability to maintain
body temperature in subjects exposed to environ-
ment without protective clothing.

|RON DEFICIENCY AND PHYSICAL
CAPACITY

Iron deficiency decreases physical performance.
The treadmill performance of Guatemalan agri-
cultural workers was found linearly related to
their hemoglobin status (Figure 5.3). It returned
to normal with iron supplementation (24).

Among Indonesian rubber tappers, hemoglo-
bin status was shown to affect work output and
productivity-linked take home pay. When rubber
tappers were given iron supplementation for
60 days, their pay increased by more than 30%
(25). In the same study, for a task where produc-
tivity was not linked to pay, workers employed to

weed crops who were not anemic covered more
area than anemic workers. The area weeded by
formerly anemic workers increased with the iron
supplementation (see Figure 5.4). Among women
in Indonesia and men in Sri Lanka (26) working
on tea plantations the productivity of iron defi-
cient individuals was significantly less than those
with normal hemoglobin concentrations. After
supplementation with iron, the iron deficient sub-
jects collected more tea and thereby increased
their take home pay.

Once work capacity has been reduced by iron
deficiency anemia, blood transfusion that restores
blood hemoglobin levels does not improve per-
formance, suggesting that deficient iron-dependent
muscle enzymes are responsible (26). Thisis con-
firmed by experiments with rats showing that
dietary iron deficiency causes marked impairment
in oxidative energy production in skeletal muscle
(27) that manifests as less efficient glucose oxida
tion and decreased capacity for physical exercise.

| RON AND MORBIDITY FROM
INFECTION

A study as early as the 1920s reported that
London infants given an iron supplement had less
bronchitis and gastroenteritis (28). Infants receiv-
ing aformulafortified with iron and vitaminsin a
1966 study had about 50% fewer respiratory
infections than infants who received an unforti-
fied version of the same formula (29). Iron defi-
ciency was reported to be associated with in-
creased diarrheal and respiratory diseases in a
study of Alaskan Inuit children (30), and meningi-
tiswas observed to befatal only among those who
were anemic (31). Morbidity from infections
among anemic rubber tappers decreased after iron
supplementation in an Indonesia study (9, 32),
and decreases in diarrheal and respiratory infec-
tions were observed in family members receiving
iron supplementation in field studies in Egypt
(33) and women tea pickersin Indonesia.
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Figure 5.3: Harvard Step Test Score at different hemoglobin concentrations in agricultural |abourers living

in the lowlands of Guatamala. Source (24).

These results are supported by research
related to the need for and the role of iron in a
number of biological mechanismsinvolved in the
immune response to infections. However, there
are other studies that have found no positive
effect on lowering infectious disease prevalence
by providing iron. Differencesiniron needs, iron
status and the immune functions of various indi-
viduals and groups during different lifecycle
stages are complicating factors as well as disease
exposure. A review of interactions of iron and
infection for a meeting to reassess the public
health importance of iron deficiency in 2000
found some issues relating to iron deficiency and
infection till unresolved (34).

The most common area of debate regarding
the positive or negative impact of providing iron
as a public hedlth intervention is related to the
interaction of iron and malaria (35). The dietary
and environmental factors associated with high
malaria prevalence in children lead many to a
concurrent condition of iron deficiency anemia.
There is near universa agreement among
researchers and clinicians, and it is as a recom-
mendation by WHO, that all children found to be
suffering from iron deficiency anemiain aress of
high malaria prevalence should be given supple-
mentary iron as a component of a proactive inter-
vention that also includes provision of treated bed
nets and anti-malarial drugs.
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Figure 5.4: Daily work output for normal workers (hematocrit 238%) and for anemic workers (hematocrit
<38%). The mgjor cause of anemia was iron deficiency. Source (9).

However, a recent study in Zanzibar,
Tanzania has resulted in changes in the former
UNICEF recommendations on iron supplementa-
tion. It was found that in an area with stable,
perennial and intense transmission of Plasmo-
dium falciparum malaria, iron supplements given
to children who were iron replete, with or with-
out zinc, resulted in an increased rate of severe
adverse events in children (morbidity and mor-
tality) (36). This outcome led to a WHO consul-
tation that recommended that universal iron sup-
plementation not be used in areas of high malaria
transmission. It should be noted that a substudy
in the same area found that iron supplementation
of children who were not iron replete had better
health outcomes than those who did not receive
a supplement.

There is agreement among clinicians and
researchers that adequate iron is needed to sup-
port immune system functioning. However, pub-
lic health recommendations for implementation

of a practical, low cost intervention package to
correct iron deficiency anemia and promote
healthy iron status among infants and young chil-
drenin environmentswhere P. falciparummalaria
is hyperendemic remainsin debate.

There is less controversy regarding the func-
tional consequences of iron deficiency anemia
and other types of infections. In developing coun-
tries, iron deficiency anemia and infections are
common, and experimental evidence shows that
thereis a decreased resistance to infection in iron
deficient humans and experimental animals.

While adequateiron statusis essential for pre-
venting and overcoming infections, pathogenic
microorganisms also require iron to grow and
reproduce. Thus, the body must continually main-
tain its overall supply of iron in forms that are
unusable by pathogens and that are not free to cre-
ate compounds that cause cellular and other dam-
age. Thisis accomplished by binding iron strongly
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in forms that withhold it from the replication of
pathogenic organisms. However, if the immune
system has been damaged by severe protein defi-
ciency or other nutrient deficiencies and iron sup-
plementation is given therapeuticaly in large
doses of iron that overwhelm the body’s ability to
withhold iron from pathogens, the consequences
can be disastrous.

Thus, in severely malnourished subjects ex-
posed to serious acute infection, too much iron,
particularly when administered parenteraly, can
enhance the growth of pathogenic organisms be-
fore immunity is restored. Serious illness and
death have been seen where children with kwa-
shiorkor were given parental iron (37), and seri-
ously malnourished refugees administered thera-
peutic doses of iron because of severe anemia
(38).

|RON EXCESS AND CHRONIC DISEASE

A final areaof the functional consequences of iron
deficiency is that of chronic disease. There has
been some concern raised about the possible rela
tionship between high iron stores and heart disease
or cancer (39). A 2001 review focusing on research
over a 15 year period concluded that there was no
convincing evidence of iron stores affecting heart
disease (40, 41) in adults despite some evidence
suggesting that high body iron stores, as judged
from serum ferritin levels, may be associated with
such arisk (42). A 1988 study found that high iron
stores could increase arisk of lung cancer devel op-
ment (43). These reports suggest that the mecha
nism is the prooxidant activity of iron. Although
these studies are inconclusive, they indicate the
need for further research on thisissue.

Iron intake may be important for individuals
homozygous for the relatively rare hereditary dis-
order of hemochromatosis. The only strong evi-
dence linking iron overload with cancer is the
increased risk of hepatic carcinoma among indi-

viduals with this disorder. This association is
attributed to chronic injury to hepatic tissues from
extremely high levels of iron in the liver.

CONCLUSION

In summary, iron deficiency has been shown to
affect adversely the physical capacity and work
performance of adolescents and adults and the
immune status, and morbidity from infections of
al age groups. Severe iron deficiency anemia
impairs the maintenance of body temperature in
adults exposed to a cool environment. It also
impairs cognitive performance and behavior at
any age. In general, these effects are corrected by
iron supplementation, but, if moderate to severe
iron deficiency occurs in infancy, the effects on
cognition may not be reversible (44).

Nevertheless, iron is atwo edged sword. Iron
given to a severely malnourished individual with
impaired immunity can benefit the replication of
a pathogen before the immune system can be
rebuilt. Iron overload in individuals homozygous
for the genetic disorder hemochromatosis can
lead to hepatic fibrosis, and even death. There is
also concern, but not strong evidence, that iron
supplementation of replete individuals can cause
oxidative stress that may increase the risk of heart
disease and cancer in some persons.

Reviews from leading agencies working
internationally on nutrition and child develop-
ment, organizations including the United Nation
Children's Fund (UNICEF), the United Nations
Education, Scientific and Cultural Organization
(UNESCO), the Untied Nations Population Fund
(UNFPA), the World Food Programme (WFP),
the Development Programme (UNDP), the Joint
United Nations Programme on HIV/AIDS
(UNAIDS), the World Health Organization
(WHO) and the World Bank, al strongly support
the conclusion that even mild anemia in infants
and young children can impair intellectua devel-
opment and that priority should be given to the
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prevention of iron deficiency in this age group
(45).

The concerns raised by studies on the func-
tional consequences of iron deficiency and their
longer term economic and socia impacts, led in
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