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ABSTRACT Iron deficiency anemia (IDA) depresses human productivity, but policymakers do not generally view
this effect as an impediment to sustained economic growth. Economic logic should be enfolded in public advocacy
for increased investment in the prevention and control of IDA. This paper argues that integrated strategies are
required, with each intervention clearly related to particular groups at risk, and benefits carefully calibrated with
costs. Protecting women’s lives through supplementation has the first call on public resources, but the most
productive investments reduce population prevalence at least cost, and these lie with food-based approaches
within the competence of the processed food and seed industries. The public and private sectors must embark on
modernization of the food industry in developing countries and reorientation of the international agricultural
research complex so that iron-enriched essential foods will be affordable and accessible to the poor, especially
children. The costs of IDA, the availability of cost-effective strategies and the benefits of sustained iron nutrition
improvement to individuals, families and nations are reviewed. The roles of iron supplementation, food fortification,
plant breeding and biotechnology, both actual and imminent, are described. The paper concludes that a recast
Green Revolution directed toward dietary quality may be the key to enhancing the learning and earning capacity
of young people in the developing world. J. Nutr. 132: 794S–801S, 2002.
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A compelling public policy problem: why is there no
investment clout?

“No other technology [iron fortification and supplementa-
tion] offers as large an opportunity to improve lives . . . at such
a low cost and in such a short time . . .” (1)

“Finding sustainable solutions to micronutrient malnutri-
tion will not be forthcoming in the foreseeable future if we do
not start to adopt agriculturally based tools, such as plant
breeding, to this important global crisis in human health and
well being” (2).

Among the “hidden hunger” issues that developing coun-
tries face today, none is more compelling than the pervasive
and puzzling problem of iron deficiency (ID)5 and its clinical

form, iron deficiency anemia (IDA). Half of the preschool
children in developing countries are anemic, compared with
only 7% in developed countries. Asia is responsible for three
fourths of the world’s ID problem, which affects two billion
people. In Asia, IDA affects 60% of women of reproductive
age, and 40–50% of preschoolers and primary graders. New
hotspots have emerged, such as Central Asia, where IDA has
increased at an alarming rate.

Maternal mortality may be 20 times greater in developing
compared with developed countries, in part because severe
anemia causes maternal deaths (3,4). Avoidable maternal
deaths and poor learning among school children are two
common and important consequences of IDA.

The persistence of ID, particularly its neglect, is puzzling
because it is a public policy problem of the first order, given its
effect on the economic potential of individuals, families and
nations as demonstrated below. The question is why economic
planners in developing countries are not particularly con-
cerned about it, and why donors and other development
partners have put the problem on the back burner for years.
Our challenge at this important conference is to recover the
sense of urgency that has brought us together and to compare
strategies on engaging the investment decision makers and
persuading them to do more.

One explanation for delayed recognition is the difficulty
policy makers have in perceiving ID as an urgent problem with
a simple, proven solution. Anemia’s effects are subtle and
insidious, less striking and therefore more difficult for policy-
makers to grasp and act upon. Vitamin A and iodine deficien-
cies have stark and visible consequences that compel policy
makers to direct attention, as do nutritional emergencies. This
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is an obvious point, but ID requires a special kind of advocacy
that looks at short-, medium- and long-term effects of iron
from a life-cycle perspective, including economic losses.

Economists have not always helped, most often equating
food security with energy sufficiency, calculating energy con-
sumed and neglecting negative trends in the dietary quality of
the poor. All that must change if iron is to be give its just due.

To position the economic case, the main arguments are the
following: anemia control is a global economic priority; mor-
tality and economic costs are poorly understood but are sub-
stantial; productivity losses arising from poor endurance in
physically demanding occupations lead to lower wages; but
cognitive effects that persist from childhood exceed physical
productivity effects on adult productivity, although both are
considerable even in low income countries; and as incomes
rise across the world, cognitive losses become a key economic
issue, particularly for young children.

Whether it is supplementation, fortification or plant breed-
ing, multiple nutrient interventions are far better than mono-
valent approaches. Integrated strategies can be made cost-
effective, but they must be properly coordinated, reflecting the
effectiveness and cost of each intervention. The emerging
partnership of agricultural research and technology, along with
food fortification through the processed food industry, poten-
tially offers the optimal benefits of low cost on a sustainable
basis. The long-term solution to IDA is a more diverse diet,
but fortification can have an effect in the interim for the
population as a whole, and may well remain the long-term
solution for particular vulnerable groups that cannot obtain
enough iron even from an ample and varied diet. Public policy
advocacy should link anemia reduction to maternal and child
development, and in turn to sustainable economic develop-
ment.

The argument presented in the paper is that three direc-
tions for investment to improve iron nurtriture surpass all
others, optimizing benefits at least cost. First, the fortification
of essential foods is a pro-poor investment that will prevent
micronutrient deficiencies and improve child growth and de-
velopment through a “dietary revolution” sustained through
market based solutions. Second, agricultural research, through
nutrition focused plant breeding and biotechnological appli-
cations, also has great potential. The third pathway is through
integrated programs targeting young children in which indus-
try’s contribution is balanced by the commitment of public
health to nutrition surveillance of at-risk groups, public edu-
cation to shift patterns of consumption especially for infants
and dietary diversification through agricultural sector reform.

Forging an effective public-private partnership. Food for-
tification is an essential element of national food policies in
Asian and Pacific countries to ensure nutrition security for all
their citizens. Both food industry producers and consumers
should be fully informed about the minimal change in produc-
tion or purchasing decisions required to shift preferences and
demand toward fortified foods. The technical costs of produc-
tion are not prohibitive. The public sector has a major role to
ensure quality assurance and a level playing field for all pro-
ducers, and to assist the shift to fortified staples with aggressive
social marketing to the less affluent. This is proper use of
public resources because it has a preventive health thrust and
will allow people’s needs to be felt and expressed. The result
will be informed choices by all groups of society.

New opportunities in plant breeding and biotechnology are
also opening horizons that may contribute substantially to the
elimination of micronutrient malnutrition in the foreseeable
future. Investing in fortified staples and in plant breeding
research will strengthen the capacity of the food and agricul-

ture industries as global trading partners. The processed food
and seed industries stand poised to initiate the second Green
Revolution, addressing dietary quality to benefit the health of
poor mothers and the mental development of their children
within the next decade.

The arguments concerning why governments and the pri-
vate sector should invest in this are obvious, but worth stating.
Companies should invest because the raising of product quality
will stimulate competition and trade. Economies of scale for
fortified products will lower prices and reach new consumers,
overcoming chronic iron undernutrition, and will raise the
general wage and consumer spending. Targeting fortified foods
to poor women and children will improve their physical and
mental development, raise earnings of the labor force, create
demand and give back to the community in a win-win situa-
tion.

Rationale for investing in elimination of iron deficiency

Addressing patterns of harm and lost human potential
caused by the persistence of IDA is a global governance
concern because raising the prospects of poor children will
help to make global justice and peace possible. The economic
rationale is that society’s investment can enhance productiv-
ity, efficiency and social equity.

IDA prevention and control places strong emphasis on
human development policies that share the opportunities for
growth and fruits of development with the children of the
poor. Well developed children will be more productive, con-
tributing citizens. The reasons for investing in the human
potential of poor children are both compelling and self-evi-
dent, and the IDA question should be positioned squarely at
the juncture of human development and economic growth.

There are strong economic and social arguments supporting
increased investment in iron adequacy for women and their
children. First, iron enrichment will enhance human develop-
ment and reduce poverty sustainably. The most critical period
of brain development is in the first 3 y of life, and proper iron
nutrition is a critical factor in neurosensory integration of the
infant brain. Optimal development will be promoted by en-
suring adequate nutrition, including iron, during infancy up to
age three—and even before birth by providing adequate health
and nutrition for the pregnant mother. Second, improved iron
status of children raises the efficiency of public expenditure in
health and education, lowering illnesses and dropouts, and
reduces the need for public resources to compensate later on.
Third, reversing IDA in children strengthens the prospects of
long-term economic competitiveness and future quality and
productivity of the labor force. Expanding the capacity for
learning and the potential for achievement for each child in
school and later the adult in the workplace raises wages of the
worker, increases permanent income of the family, permits
higher investment in the quality of the next generation and
shifts the major fiscal responsibility of raising children from the
state to families, communities and the private sector. Fourth,
iron enrichment programs can correct or compensate for the
historic social biases against girl children, their risks in preg-
nancy, special needs for iron adequacy and greater likelihood
of dropping out of school.

The Education for All (EFA) evaluation in Dakar (5)
stressed that the difficulties in universal primary school enroll-
ment due to the poor readiness of undernourished children for
schooling were not anticipated. Primary dropout and retention
rates have not improved greatly in the last decade despite
major investments in school systems, and it is plausible to
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argue that poor iron nurtriture dulls learning capacity and lies
at the heart of the weak demand side of EFA.

The remaining sections review the costs of doing very little
for preventing IDA in women and children, i.e., preventable
deaths, lowered schooling achievement, productivity and eco-
nomic growth. On the positive side, the cost-effectiveness and
high rates of return on iron enrichment programs, especially
for young children, are reviewed.

Meeting International Development Goals (IDG). Chil-
dren lie at the heart of international commitments to social
justice. Asian governments have pledged at international fo-
rums to provide health and nutrition for all children and their
mothers, and to guarantee essential education as a human
right as well as the key to equitable growth and sustainable
development. Yet these pledges have been far from realized,
because the levels of investment in social services are hardly
commensurate with the need, in part because all too often
systems are served rather than the child. Investing in the
elimination of anemia in women and children will help na-
tions meet the IDG to which they have subscribed. Three of
the seven IDG to be achieved by 2015 relate directly to
children: 100% primary school enrollment rate, elimination of
gender disparities in primary and secondary education and
reduction in maternal, infant and child mortality by two
thirds. Two other IDG target maternal health, a prerequisite
for healthier children. Anemia is very much implicated in the
mortality of women and the cognition of children, and under-
mines the efficiency and equitable basis for public health and
education investments. IDA reduction will enhance educabil-
ity and labor productivity, will capture intergenerational ben-
efits as we recognize even more the need to intervene in
adolescence to protect young women’s health and safety dur-
ing first pregnancy, and will sustain economic growth in com-
bination with sound economic policies.

Avoiding deaths. Using Asia as an example, improving
maternal and child iron status is essential to accomplish the
mortality reduction goal. One estimate is that up to a fifth of
maternal deaths in nine low income Asian countries, 65,000
deaths annually, are caused by severe IDA (6) and the inter-
play of underweight, stunting and iron deficiency has an effect
on the mortality of young children. Low birth weight infants
often suffer illness complicated by iron problems, are far more
likely to die, and stunting combined with IDA is implicated in
very high rates of dropout and retention rates in primary
schooling.

Productivity gains. The direct productivity effects of mal-
nutrition are on the capacity to perform physical work and on
earning ability. Protein energy malnutrition (PEM), stunting
and IDA reduce both. Improvements in iron increase the
capacity to perform moderate to hard labor with related in-
creases in wages. These effects have been demonstrated in
India, Indonesia, the Philippines and other countries (7–13).
The Asian Development Bank (ADB)-UNICEF study in low
income Asia estimated that productivity losses for manual
laborers are up to 9% for severely stunted workers; losses from
IDA are 17% for workers engaged in heavy physical labor and
5% for moderately active workers. Losses due to cognitive
deficits for malnourished children were 10% for stunted indi-
viduals, 4% for IDA, and 10% for iodine deficiency disorders
(IDD) (6). This translates into a staggering sequence of losses
in growth and human potential for developing countries.

Cognitive gains. The indirect productivity effects of im-
proved iron status are on cognitive ability and achievement,
through impact on mental and motor skills in infants and on
cognition, learning and behavior in children and adolescents
(14). Moreover, long-term studies of subjects followed from

infancy to as late as adolescence show that anemia in early life,
indicating a state of severe chronic iron deficiency, leads to
poorer overall cognitive functioning and lower school achieve-
ment test scores later in life, even when the anemia in infancy
had been corrected (14). In addition to IDA, PEM and IDD
also have a substantial negative effect on cognition, behavior
and achievement; in all three cases, the effects produced by
chronic deficiencies in the early years are manifested later in
life, underscoring the need for prevention.

Raising economic growth rates. There are several credible
estimates of the economic costs of IDA in developing coun-
tries. The ADB and UNICEF conducted a seven country
Asian study on the pernicious effects of undernutrition in
children (15,16). The general conclusion was that malnutri-
tion, with its insidious effects over the life span of the child,
would cost the economy at least 3% of gross domestic product,
based on conservative assumptions (a “low scenario” built into
the model). Looking at South Asia, the region with the
highest prevalence of IDA, one can see a loss of �2% in
economic growth, and even though the cognitive effects in
low income countries are muted downward by the low wages in
the region, they are nevertheless very substantial. Ross and
Horton (17) estimate that Bangladesh alone loses 2% of its
gross domestic product (GDP) to iron deficiency, and South
Asia loses $5 billion annually. These would grow proportion-
ately larger in Southeast and East Asia where wages are higher
because cognition, schooling achievement and wage level are
related. India, for example, loses growth from two directions:
adult productivity (3%) from PEM, iodine deficiency and IDA,
and from IDA induced cognitive impairment (�1%).

It is likely that in higher income developing countries, the
cognitive effects of IDA on earnings and national economic
growth are dominant over physical productivity effects, and
these effects increase proportionately according to average
wages and per capita income in developing countries. The
higher the country’s per capita income, the more damaging is
the effect on economic growth. The World Bank’s figure of 5%
GDP loss for all micronutrient deficiencies (1) is probably
understated, based on these estimates for IDA alone. Figure 1
examines the productivity and cognitive losses of IDA in low
income South Asia (6).

Returns on investment to improve iron nurtriture

The case for iron supplementation. The effectiveness of
iron supplementation programs (both daily and weekly) to
raise hemoglobin and serum ferritin levels has been demon-
strated (4,18,19). Cost-effective nutrition interventions are
available and should be used more consistently (6,18,20,21).
Expressed in terms of disability-adjusted life years (DALY),6 or
healthy years of life saved, the following iron-enriched inter-
ventions are among the lowest priced at �$25/DALY: breast-
feeding promotion; both daily and weekly oral iron for preg-
nant women; parallel health interventions at similar cost are
school health (particularly iron supplements integrated with
deworming medication); and health, nutrition and family
planning information and education campaigns. Please note
the obvious synergies in promoting joint health and nutrition
interventions for iron improvement in mothers and their
young children in the form of family based packages of ser-
vices. Education and supplementation must be linked, along

6 DALY is a composite index of health linked to a productive life usually
referred to as a “year of healthy life saved.” DALY is a weighted index that takes
into account loss of life, morbidity and disability, and their collective effect on
productivity.
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with superior logistics and management, for iron enrichment
programs to be effective (22). At a higher price, there are four
iron relevant interventions at �$75/DALY: improved wean-
ing practices for infants, improved complementary feeding
practices for young children, food supplements for pregnant
women and the nutrition component of the Integrated Man-
agement of Childhood Illness (20). Unquestionably, iron sup-
plementation is competitive with the most cost-effective op-
tions available to primary health care, as long as management
systems are in place and education supports informed consent
and voluntary compliance.

The case for iron fortification. The World Bank (1) has
summarized the benefits of micronutrients in terms of cost per
life saved and productivity gained for iron supplementation
and iron fortification programs (Table 1). For saving lives at
least cost (i.e., private benefit to at-risk persons), targeted iron
supplementation to pregnant mothers is more cost effective
than iron fortification of flour or another staple ($800 vs.
$2000), although the latter is a more sustainable solution in
the long run as incomes rise and households gain access to
higher quality primary health care.

From the perspective of enhanced productivity delivered by
programs (i.e., efficient use of resources), where productivity is
defined as the least-cost discounted method of reducing clin-
ical deficiency in the population, iron fortification is clearly
the public policy choice. Fortification is three times as pro-
ductive as iron supplementation for pregnant women. Fortifi-
cation yields $84 per dollar invested in reducing IDA preva-
lence, whereas targeted supplementation for pregnant women
yields $25. Thus, the population wide effect is greatly in-

creased by fortification. Consistent findings for Vitamin A and
iodine also exist (1).

The last measure is the social benefit cost per DALY or healthy
life year saved. Fortification is three times more effective than
supplementation, costing $4 vs. $13/DALY saved. This is a
social benefit because of the avoided losses in life and produc-
tivity to society, and rehabilitation costs that the state and the
family would have to bear if incurred. The unit costs drawn
from the seven-country Asian study by ADB and UNICEF (6)
show that micronutrient supplementation is affordable, but
fortification is one tenth the cost or less. Iron supplements for
a full pregnancy cost �$2. Annual iodine and iron fortifica-
tion costs are $0.05 and $0.10 per person, respectively. The
cost of putting iron and other essential vitamins and trace
minerals through an appropriate mix of fortified essential sta-
ples in an economy is �$0.50/(person � y). That is �4% of
WHO’s recommended minimum $12 package of primary
health care services for developing countries. Because micro-
nutrient enrichment is as effective in preventing illness, dis-
ability and death as is primary health care, there will be no
sensible argument against fortification as long as the public is
aware of the benefits.

In summary, the economic benefits of fortification are re-
duced morbidity, improved work capacity and improved cog-
nitive effects. Reduced morbidity will reduce health care costs
and days lost in school or at work; improve school attendance,
concentration and performance; and strengthen both produc-
tion and consumption benefits. Reduced public health and
public education expenditure, and reduced school dropout and
retention rates will increase efficiency of public investment for
essential social services and free resources for better uses. The
economic value of fortification is expressed in improved work
output due to increased work capacity and improved marginal
productivity of labor. Last, improved cognitive ability will
allow realization of the benefits of education expenditure; raise
the number of years of schooling and academic performance;
and, in a growing economy, will also raise wages and house-
hold income invested in the quality of the next generation of
children.

The case for biofortification. Plant breeding. The plant
breeding strategy for micronutrient-enriched germplasm offers
the opportunity to create an international public good through
comprehensive benefits to producers and consumers with pub-
lic health significance (23,24). Given the high payoffs to
reducing micronutrient deficiencies and the current reserva-
tions about conventional approaches to solve the problem
quickly and completely, plant breeding should be tried because
of its potential coverage of entire Asian populations deriving
most of their consumption from rice, especially the poor.
Because the poor consume large amounts of staple foods on a
daily basis, the prospect of improving nutrition status is en-
couraging if a high proportion of the domestic production of
food staples can be provided by nutritionally improved vari-

FIGURE 1 Percentage lost in gross domestic product (GDP) due
to iron deficiency. Source: Ref. (6).

TABLE 1

Returns on improving iron status1

Remedy
Cost per

life saved (US$)
Discounted value of productivity

gained per program (US$)
Cost per DALY2

gained (US$)

Supplementation of pregnant women only 800 25 13
Fortification 2000 84 4

1 Source: Adapted from the World Bank, Enriching Lives (1994).
2 DALY, disability-adjusted life year.
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eties. The breeding strategy does not depend on shifts in
behavior or preferences. Biotechnology offers considerable
promise, as reviewed by Bouis (23).

Results so far obtained under the Micronutrients Project,
sponsored by the Consultative Group for International Agri-
cultural Research (CGIAR), indicate that the breeding pa-
rameters are not difficult and are highly likely to be low cost.
In particular, 1) adequate genetic variation in concentrations
of �-carotene, other functional carotenoids, iron, zinc, and
other minerals exists in the major germplasm banks to justify
selection; 2) micronutrient-density traits are sufficiently stable
across growing environments; 3) in all crops studied, it is
possible to combine the high micronutrient-density trait with
high yield, unlike protein content and yield, which are nega-
tively correlated; 4) genetic control is simple enough to make
breeding economic and it should be possible to improve the
content of several limiting micronutrients together, thus push-
ing populations toward nutritional balance; and 5) bioavail-
ability tests using animals are encouraging but tests using
human subjects are a high priority (25).

High benefits to costs. Importantly, high trace mineral
density in seeds produces more viable and vigorous seedlings in
the next generation, and efficiency in the uptake of trace
minerals improves disease resistance and agronomic character-
istics, which in turn improve plant nutrition and productivity
in trace mineral deficient soils. Farmer adoption and spread of
nutritionally improved varieties can rely on profit incentives,
either because of agronomic advantages on trace mineral de-
ficient soils or incorporation of nutritional improvements in
the most profitable varieties being released. Because staple
foods are eaten in large quantities every day by the malnour-
ished poor, delivery of enriched staple foods (fortified by the
plants themselves during growth) can rely on existing con-
sumer behavior. Benefits to relatively small investments in
agricultural research can be disseminated widely, potentially
accruing to hundreds of millions of people and millions of
hectares of croplands across countries and across time. Thus,
the combined benefits for human nutrition and agricultural
productivity resulting from breeding staple food crops that are
more efficient in the uptake of trace minerals from the soil and
that load more trace minerals into their seeds, result in ex-
tremely high ex ante estimates of benefit/cost ratios for invest-
ments in agricultural research in this area. Other complemen-
tary strategies run recurrent costs on a continuing basis, which
decline slowly over time and increase proportionately with
geographic coverage.

Because biofortification is a new strategy, definitive studies
of the effect of this approach must await the efficacy and
effectiveness trials. An interdisciplinary consortium of collab-
orating partners, organized by the CGIAR, will likely conduct
these studies. In general, however, poor consumers in devel-
oping countries acquire roughly one half of their total iron
intake (and a higher percentage of zinc intake) from staple
foods. Results from germplasm screening suggest that the iron
and zinc content of staple foods can be doubled through
conventional breeding. This in turn implies that iron and zinc
intakes can be increased by a minimum of 50% in poor
people’s diets. This should result in an appreciable improve-
ment in nutrition and health even for those whose intakes
remain below recommended daily rates.

An example of the enormous economic benefits of the
biofortification strategy based on numbers for India and Ban-
gladesh is given in Appendix 1. This example is based on
development of iron and zinc dense varieties of rice and wheat.
The somewhat conservative assumptions suggest that the un-
discounted returns that come on-stream during the second

decade of research and development would be �$4.9 billion
on a total investment of $42 million, $1.2 billion in benefits
from better nutrition and $3.7 billion in benefits from higher
agricultural productivity.

A more formal benefit cost ratio evaluation, in which the
ratio of the present value of benefits divided by the present
value of costs, at a 3% discount rate (commonly used for social
benefits), for returns to better iron nutrition in humans is �19,
similar to that found by Horton and Ross (26) for fortification
in South Asia. This ratio rises to 79 if benefits to higher
agricultural productivity are included. A different way of ex-
pressing the concept of discounting over time is the internal
rate of return, in which the interest rate, at which benefits
equal costs plus interest if the funds were borrowed to make
the investment, is calculated. In this case the internal rate of
return is 29% if only benefits to human nutrition are consid-
ered and 44% if benefits to both human nutrition and higher
agricultural productivity are considered.

It is important to point out that these minimum effects are
what can be documented with evidence presently available
with respect to the use of conventional breeding techniques
following a strategy of increasing trace mineral density. Such
lines might be thought of as a “first generation” of nutritionally
improved varieties. Other generations will follow as more is
learned about reducing levels of compounds that inhibit bio-
availability and increase absorption, and as new genes are
added through biotechnology.

The conclusion is that, among other strategies, there is a
niche for plant breeding and for reducing the population
prevalence of IDA at the lowest cost. If this strategy proves to
be inexpensive and cost-effective by improving plant nutrition
and increasing yields, it will complement but not in any way
substitute for supplements or fortification, which are equally
important. The potential that biotechnology offers for enrich-
ment of cereals is described briefly in Appendix 2. A consid-
ered view is that the agricultural-industrial partnership be-
comes all the more critical in the coming years as one sees the
explosion of urban populations and therefore urban children in
Asia, to about 2.5 billion people by 2025, increasing depen-
dence on food-based solutions to both Green Revolutions.

Building a regional investment partnership for poor Asian
women and children

From an investment perspective, a major regional effort in
Asia to shift public resources toward public-private partnership
will promote fortification of staples and complementary foods
for infants, and recast the goals of the seed industry to meet
human nutrition goals including the IDG. This obviously
deserves extensive discussion. Our task is to disseminate to
policymakers information about what the status quo costs in
lives, disabilities and lost resources, and how beneficial forti-
fication and plant breeding approaches could be applied. The
donor and professional communities should then provide con-
certed support.

More attention must be turned to linking food fortification
and seed technology in the public interest. One example of a
diversified strategy is being carried out by the Asian Develop-
ment Bank with a broad spectrum of partners in the donor
community throughout Asia (Appendix 3).

In conclusion, there is no question that the time has arrived
to eliminate both iron deficiency and poor child growth in
Asia, because the problems are interlinked and the food-based
solutions are at the cutting edge of current science and tech-
nology. The opportunity for a greater scope for the private
sector to have its effect is well described (23,27). It is now
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simply a matter of gathering the political will to realize the
achievable. All interventions, whether supplementation, for-
tification or plant breeding must pass three tests: efficacy,
effectiveness and cost effectiveness. Iron nutrition is on the
threshold of economic policy, but not yet at the center; we
should ask ourselves why and correct the situation. Research
and advocacy are really not linked, but can be, supported by
more detailed economic analysis for each intervention. New
priorities are to look at the cost effectiveness of key integrated
strategies, particularly joint reduction of maternal anemia and
low birth weight, infant care that combines breast feeding and
complementary feeding, and the agricultural industrial part-
nership for iron enrichment of poor women and children.

APPENDIX 1: Benefit Cost Analysis of Biofortification

The two fundamental reasons to expect high payoffs to
investments in breeding for iron and zinc dense seeds of food
staple are as follows: 1) fixed costs of research at a central
location may accrue across countries and over time at low
recurrent costs; and 2) not only are there nutritional benefits,
but agricultural productivity may be increased as well. This
may be demonstrated empirically with a simple benefit cost
calculation for India and Bangladesh, where the two major
staples eaten are rice and wheat (total population of 1.125
billion; 55 million hectares (ha) of rice and 28 million ha of
wheat harvested annually).

Fixed costs. For any single staple crop, the estimated
central fixed costs over 10 y of developing iron and zinc dense
rice varieties are estimated to be $12.5 million. This figure
includes several costs not directly related to breeding such as
for nutritional studies to establish efficacy and to demonstrate
effect after adoption. Conservatively, assume that all of these
central, fixed costs are charged to India and Bangladesh. It is
further assumed that $2.5 million per crop is spent on adaptive
breeding specifically for growing conditions in India and Ban-
gladesh, again over the same 10-y period.

Variable costs. Various rates of adoption of nutritious
varieties are assumed in the simulations and extension costs
are tied to the rates of adoption, specifically $1/adopted ha.
Thus, if adoption occurs on 10% of rice and wheat area (8.3
million ha), then a fixed undiscounted extension cost of $8.3
million is incurred. Varieties are assumed to come on line
gradually after y 10 of the simulation, for example, in a 10%
adoption scenario, to cover 2% of total area in y 11, 4% in y
12, 6% in y 13, 8% in y 14, and 10% of total area in all years
thereafter. Recurrent costs (such as for maintenance breeding)
of $500,000 annually are assumed after the initial 10-y period
of fixed investments. Thus, in a 25-y simulation, assuming a
10% adoption rate, $42 million in undiscounted costs may be
incurred in total.

Nutritional benefits. Nutritional benefits are tied to as-
sumed rates in reduction of anemia. Using an analysis (28)
that provides empirical estimates of the relationship between
hemoglobin levels of rural Bangladeshi women and their in-
takes of iron and other nutrients and compounds, it is conser-
vatively estimated that anemia prevalence rates would be
reduced by 3% by those consuming the nutritious rice and
wheat (e.g., a reduction of 3% of 10% of the population under
a 10% adoption scenario, or 3.375 million cases of anemia
averted each year). This is a conservative estimate for several
reasons: 1) the assumed increase in iron due to breeding is
based on current, limited knowledge of what can be expected
from conventional breeding; new breakthroughs, e.g., using
biotechnology, are likely; 2) because of measurement error
from a number of sources, regression estimates in the study

(28) can be expected to underestimate the true relation be-
tween improvements in diet and improved iron status; 3) no
nutritional benefits are assumed for increased zinc intakes or
for those whose iron intakes increase but who remain anemic
(50 million people under a 10% adoption scenario; 45% of
10% of the population). Benefits to cases of anemia averted are
those estimated by Horton and Ross (26) for India and Ban-
gladesh, a discounted present lifetime value of $27.50/case.

Benefit/Cost relationships. Even these conservative as-
sumptions concerning nutrition benefits will justify the invest-
ment cost (as shown in Table 2). In addition, increased seed
zinc density may increase rice and wheat yields substantially
and lower seeding rates (29). Yield increases of 250 kg (8% on
a base yield of 3 t/ha) of unmilled rice and wheat are assumed
on adopted areas, giving a net incremental undiscounted profit
of �$35/(ha � y).

Even though all centralized, fixed costs of $25 million are
charged to India and Bangladesh, Table 2 suggests that nutri-
tious varieties may reach undernourished populations at a cost
of only $0.02–0.03/(person � y). Depending on adoption rates
and the levels of iron that can be added to food staples through
breeding, anemia may be averted for as little as $0.22–0.36/
case. Internal rates of return on nutrition benefits should be
well above 25%. If agricultural benefits are also considered,
several billions of dollars of benefits can be expected on
investments of tens of millions of dollars.

APPENDIX 2: Biotechnology: Untapped Potential for
Iron Enrichment of Rice

The prospects for biotechnology are quite exciting in four
respects, and may eventually surpass the effect of conventional
plant breeding (30,31).

Increasing iron content. Goto et al. (32) reported improv-
ing the iron content of rice by transferring the entire coding
sequence of the soybean ferritin gene into a Japonica rice. The
transgenic seeds stored up to three times more iron than the
normal seeds. Potrykus and colleagues at the Swiss Federal
Institute of Technology (SFIT) have announced a doubling of
the iron content in rice using a ferritin gene from Phaseolus
vulgare.

Increasing promoters. Datta (33) has increased levels of
lysine, a limiting amino acid that might promote the uptake of
trace minerals, by genetic engineering. Other biotechnology
work on canola and soybean seeds has increased lysine content
fivefold (34).

Introducing a heat-stable phytase gene, which breaks
down phytic acid. The phytase level in rice is generally low.
However, the SFIT team has reported introducing a transgene
for a heat-stable phytase from Aspergillus fumigatus, which
increased the level of phytase 130-fold. This opens new pos-
sibilities for neutralizing antinutrients in cereals.

Adding �-carotene. �-Carotene, a precursor of vitamin A
(retinol), does not occur naturally in the endosperm of rice.
But Ye et al. (35) have reported generating a large series of
transgenic plants that produce grain with yellow-colored en-
dosperm at significant density levels. This bears watching,
although consumer acceptance may be a concern. �-Carotene
is an important promoter of iron absorption.

Certain approaches to nutritional improvement of grains,
including the introduction of �-carotene and heat-stable
phytase genes, offer clear advantages to biotechnology because
these approaches are not feasible using conventional plant
breeding. However, biotechnology breeding strategies must be
demonstrated to be superior to other methods, beginning with
rice. Biotechnology methods must be subjected to stringent
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tests regarding agronomic effects, organoleptic properties and
consumer acceptance, health and environmental effects, and
control of intellectual property rights. But cautious optimism is
warranted that breakthroughs are imminent.

APPENDIX 3: Asian Development Bank (ADB)
Strategies to Eliminate IDA

Asia’s ability to reduce the alarmingly high rates of mater-
nal mortality and cognitive impairment in children depends
substantially on major efforts to reduce IDA. A clear strategy
is urgently required to reduce IDA among women of repro-
ductive age or young children. Their respective risks are death
during pregnancy and impaired physical and cognitive devel-
opment, expressed as delayed speech and reading skills, which
adversely affect school achievement. A substantial proportion
of the 500,000 maternal deaths in developing countries are
caused by severe IDA (3,4).

Regional initiatives. ADB is supporting three regional
initiatives that focus on the public and private sectors coop-
erating to solve the problem of IDA. Regional studies on food
fortification and rice plant breeding are ongoing, with the
expectation that, by 2003, ADB will lead major initiatives in
the region to raise the iron density of essential staples con-
sumed by the poor at affordable prices. A subregional initiative
in the Trans-Caucasus Central Asia (TCAA) will help six
countries fortify flour and salt through integrated attention to
production, regulation and trade.

Essential foods fortification. The regional food fortifica-
tion project cosponsored by International Life Sciences Insti-
tute and Government of Denmark (36) focuses on the iron
fortification of wheat flour, iron-enriched complementary foods
for infants, and condiments such as soy sauce and fish sauce, all
widely consumed by the poor in the region. People’s Republic
of China, India, Indonesia, Pakistan, Thailand and Viet Nam
are participating in the project. Iron fortification emerged as a
regional priority at a regional strategy meeting hosted by the
ADB in February 2000 (36). Prominent government food
regulators and captains of Asian food industries pledged to
cooperate in reducing micronutrient malnutrition in the re-
gion. IDA was identified as the top priority for concerted

action. The project will develop a regional investment plan
based on country studies, and regional workshops on food
technology, regulation and trade.

Rice plant breeding. The second regional strategy is rice
plant breeding through a donor consortium led by ADB (37).
A 3-y research study ending in 2003 will test promising rice
varieties with high iron and zinc density to ensure that their
yield is adequate, that the iron and zinc are bioavailable to
consumers, that consumers are willing to eat the varieties, that
the production and dissemination of the new varieties is fea-
sible for national agricultural research systems and seed com-
panies and that the rice will be affordable to the poor.

Flour and salt fortification. The third regional activity,
supported by the Japan Fund for Poverty Reduction (38)
responds to the breakdown in production of fortified flour and
salt in the TCCA subregion. The project aims to set up
production systems and build capacity for improved regulation,
quality control and trade of fortified flour and salt, so that poor
women and their children will obtain adequate iron and iodine
through daily consumption of these staples.

ACKNOWLEDGMENT

The author is grateful to Howarth Bouis for contributing a tech-
nical note (Appendix 1 of the paper) on the benefits and costs of the
plant breeding strategy for iron enrichment of cereals. Bouis is a
senior research scholar at the International Food Policy Research
Institute, Washington, DC and a leading thinker on the role of
agricultural research in improving human nutrition.

LITERATURE CITED

1. World Bank (1994) Enriching lives, Directions in Development Series.
World Bank, Washington, DC.

2. Welch, R. M. (2001) Breeding Strategies for “Biofortified” Staple Plant
Foods to Reduce Micronutrient Malnutrition Globally. USDA-ARS, Ithaca, NY.

3. Micronutrient Initiative (2000) Severe Anemia in Pregnancy. Report of
a Workshop at the Institute of Child and Mother Health, Dhaka, Bangladesh.
International Development Research Centre, Ottawa, Canada.

4. Allen, L. & Gillespie, S. (2001) What Works? Efficacy and Effectiveness
of Nutrition Interventions. ACC/SCN Nutrition Policy Paper Number 19 and ADB
Nutrition and Development Series Number 5.

5. World Education Forum (2000) The Dakar Framework for Action—
Education for All: Meeting our Collective Commitments. Dakar, Senegal.

TABLE 2

Developing iron and zinc dense rice for India and Bangladesh: simulated benefits and costs over 25 years1

Description of benefits and costs

Variety adoption rate

10% 20%

Anemia reduction rate

3% 4% 8% 3% 4% 8%

Cost per person reached who consumes nutritious
staples (undiscounted)

0.03 0.03 0.03 0.02 0.02 0.02

Cost per case of anemia avoided (undiscounted) 0.96 0.72 0.36 0.58 0.44 0.22
Internal rate of return on nutrition benefit 28.9% 31.8% 39.2% 34.0% 37.1% 44.9%
Total investment for research and extension

($million undiscounted)
42.1 42.1 42.1 51.2 51.2 51.2

Total nutrition benefits (3% discount rate; $million) 694.2 925.6 1851.2 1388.4 1851.2 3702.4
Total agricultural benefits (3% discount rate;

$million)
2142.7 2142.7 2142.7 4285.3 4285.3 4285.3

Total benefits (3% discount rate; $million) 2836.9 3068.3 3933.9 5673.7 6136.5 7987.7
Total costs (3% discount rate; $million) 35.9 35.9 35.9 43.7 43.7 43.7
Ratio nutrition benefits/total costs 19.3 25.8 51.5 31.8 42.4 84.7

1 Source: H. Bouis, International Food Policy Research Institute, Washington, DC (2001), private communication.

SUPPLEMENT800S

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article/132/4/794S/4687216 by guest on 06 N

ovem
ber 2020



6. Horton, S. (1999) Options for investment in nutrition in low-income
Asia. Asian Dev. Rev. 17: 246–273.

7. Haddad, L. & Bouis, H. (1991) The impact of nutritional status on wage
productivity: wage evidence from the Philippines. Oxf. Bull. Econ. Stat. 53: 45–68.

8. Popkin, B. (1978) Nutrition and labor productivity. Soc. Sci. Med. 12C:
117–125.

9. Basta, S., Soekirman, M. S., Karyadi, D. & Scrimshaw, N. S. (1979)
Iron deficiency anemia and the productivity of adult males in Indonesia. Am. J.
Clin. Nut. 32: 916–925.

10. Deolalikar, A. (1988) Nutrition and labor productivity in agriculture:
estimates for rural south India. Rev. Econ. Stat. 70: 406–413.

11. Levin, H. M. (1986) A benefit-cost analysis of nutritional programs for
anemia reduction. World Bank Res. Observ. 1: 219–146.

12. Spurr, G. B., Barac-Nielo, M. & Maksud, M. G. (1977) Productivity and
maximal oxygen consumption in sugar cane cutters. Am. J. Clin. Nut. 30: 316–
321.

13. Behrman, J. (1992) The Economic Rationale for Investing in Nutrition
in Developing Countries. USAID, Washington, DC.

14: Lozoff, B. & Wachs, T. D. (2001) Functional correlates of nutritional
anemias in infancy and childhood—child development and behavior. In: Nutri-
tional Anemias (Ramakrishnan, U., ed.), pp. 69–88. CRC Press, Boca Raton, FL.

15. Hunt, J. & Quibria, M. G., eds. (1999) Investing in child nutrition in Asia.
Asian Dev. Rev. Special Double Issue, vol. 17, nos. 1, 2.

16. Mason, J., Hunt, J., Parker, D. & Jonsson, U. (2001) Improving child
nutrition in Asia. Food Nutr. Bull. 22 (suppl.): 1–85.

17. Ross, J. & Horton, S. (2000) Economic Consequences of Iron Defi-
ciency. Micronutrient Initiative, Ottawa, Canada.

18. Institute of Medicine (1998) Prevention of Micronutrient Deficiencies.
National Academy Press, Washington, DC.

19. Beaton, G. & McCabe, G. P. (1999) Efficacy on Intermittent Iron
Supplementation in the Control of Iron Deficiency Anemia: An Analysis of Expe-
rience. Micronutrient Initiative, Ottawa, Canada.

20. World Bank (1993) World Development Report: Investing in Health.
World Bank, Washington, DC.

21. Del Rosso, J.M. & Marek, T. (1996) Class Action: Improving School
Performance in the Developing World through Better Health and Nutrition, Direc-
tions in Developing Series. World Bank, Washington, DC.

22. Gillespie, S., ed. (1998) Major Issues in the Control of Iron Deficiency.
Micronutrient Initiative/UNICEF, Ottawa, Canada.

23. Bouis, H., ed. (2000) Special Issue on Improving Human Nutrition
through Agriculture. Food Nutr. Bull. 21, no. 4.

24. Hunt, J. (2001) The agricultural-industrial partnership for eliminating
micronutrient malnutrition: the investment bargain of the decade. Biomed. Envi-
ron. Sci. 14: 104–123.

25. Graham, R. & Welch, R. (1996) Breeding for Staple Food Crops with
High Micronutrient Density, Agricultural Strategies for Micronutrients Working
Paper No. 3. International Food Policy Research Institute, Washington, DC.

26. Horton, S. & Ross, J. (2001) The Economics of Iron Deficiency, (in
press).

27. Asian Development Bank (2001) Regional Technical Assistance
Project: Breeding for Iron-Rich Rice to Reduce Iron Deficiency Anemia in Asia.
Manila, Philippines.

28. Bhargava, A., Bouis, H. & Schrimshaw, N. (2001) Dietary intakes and
socioeconomic factors are associated with the hemoglobin concentration of
Bangladeshi women. J. Nutr. 131: 758–764.

29. Graham, R., Welch, R. & Bouis, H. (2001) Addressing micronutrient
malnutrition through the nutritional quality of staple foods: principles, perspec-
tives, and knowledge gaps. Adv. Agron. 70: 77–142.

30. Bouis, H. (2001) The role of biotechnology for food consumers in
developing countries. In: Agricultural Technology in Developing Countries: To-
wards Optimizing the Benefits for the Poor (Qaim, M., Krattiger, A. and von Braun,
J., eds.). Kluwer Academic Publishers (in press).

31. Asian Development Bank (2000) Agricultural Biotechnology, Poverty
Reduction, and Food Security, Bank Staff Working Paper. Asian Development
Bank, Manila, Philippines.

32. Goto, F., Yoshihara, T., Shigemoto, N., Toki, S. & Takaiwa, F. (1999)
Iron fortification of rice seed by the soybean ferritin gene. Nat. Biotechnol. 17:
282–286.

33. Datta, S.K. (1999) The genetic engineering approach to development
of nutritious rice. Paper presented at the IFPRI-IRRI Workshop Improving Human
Nutrition through Agriculture: The Role of International Agricultural Research. 5–7
October, Los Banos, Philippines.

34. Falco, S. C., Guida, T., Locke, M., Mauvais, J., Sanders, C., Ward, R. &
Webber, P. (1995) Transgenic canola and soybean seeds with increased
lysine. Biotechnology 13: 577–582.

35. Ye, X., Al-Babili, S., Kloti, A., Zhang, J., Lucca, P., Beyer, P. & Potrykus,
I. (2000) Engineering the pro-vitamin A (�-carotene) biosynthetic pathway into
(carotenoid-free) rice endosperm. Science (Washington, DC) 287: 303–305.

36. Asian Development Bank (2000) Regional Technical Assistance
Project: Eliminating Micronutrient Malnutrition through Public Private Partnership
in Asia. Manila, Philippines.

37. Asian Development Bank (2001) Regional Technical Assistance
Project: Improving Nutrition of Poor Women and Children in Asian Countries in
Transition. Manila, Philippines.

38. Asian Development Bank (2000) Manila Forum 2000: Strategies to
Fortify Essential Foods in Asia and the Pacific. Micronutrient Initiative and Inter-
national Life Sciences Institute, Manila, Philippines.

THE ECONOMIC CASE 801S

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article/132/4/794S/4687216 by guest on 06 N

ovem
ber 2020


