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SUMMARY 1

1

Summary

Millions of people suffer and many die from lack of minute traces of nutrients.
Methods of prevention are cheap and simple. Their universal application could
vield health and economic benefits comparable to those achieved by smallpox
eradication.

— Dr. V. Ramalingaswami, Chair, LTNDP Task Force on Health Research
and Development, Ending Hidden Hunger Conference, Montreal, Canada,
October, 1991

Micronutrient malnutrition affects approximately 2 billion people
worldwide. The adverse sequelae of micronutrient deficiencies are profound
and include premature death, poor health, blindness, growth stunting, mental
retardation, learning disabilities, and low work capacity. Worldwide attention
first focused on the massive problem of micronutrient malnutrition in the mid-
to late 1980s. A pivotal event that fostered this attention was a U.S. Agency for
International Development (USAID) -funded randomized trial of vitamin A
supplementation in Aceh Province, Indonesia, conducted by Dr. Alfred Sommer
and colleagues. In this study, vitamin A-supplemented preschoolers were
observed to have a 34 percent reduction in mortality. Thus, while vitamin A
deficiency had long been associated with blindness, the Aceh research clearly
demonstrated a link between vitamin A deficiency and mortality.! These
findings prompted the United Nations Subcommittee on Nutrition to issue a
statement in 1992 indicating that control of vitamin A deficiency might be an
important way to reduce mortality in young children.?

PROJECT CHARGE

The Aceh project was one of a series of interventions implemented in the
1980s that was aimed at alleviating the "hidden hunger" of micronutrient

I Sommer, A., et al. 1986. Impact of Vitamin A Supplementation on Childhood
Mortality. The Aceh Study Group. Lancet 1 (8491):1169-1173.

2 United Nations. 1992. Administrative Coordinating Committee, Subcommittee on
Nutrition. Second Report on the World Nutrition Situation. Vol. 1, October 1992, p. 40.
Geneva: United Nations.
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SUMMARY 2

malnutrition. Although some of these interventions have been successful, a
majority have not. Nevertheless, there had been no systematic examination of
the reasons for these successes or constraints in program outcome. Recognizing
this, the Office of Health and Nutrition of USAID decided that there was a need
to bring together research scientists and project implementers to examine past
approaches that had—or had not—been successful and to identify the elements
of success or constraint. USAID requested that the Institute of Medicine's Board
on International Health oversee this activity and draft a report directed to those
funding U.S. and international programs to alleviate micronutrient malnutrition.
Given this audience, the report does not offer recommendations on how to
alleviate specific micronutrient deficiencies—such recommendations are
already available through the publications of diverse organizations, including
USAID, the Micronutrient Initiative, the World Bank, the United Nations
Childrens' Fund (UNICEF), and the World Health Organization (WHO).
Rather, this report provides a conceptual framework based on past experience
that will allow funders to tailor programs to existing regional/country
capabilities and to incorporate within these programs the capacity to address
multiple strategies (i.e., supplementation/fortification/food-based appro-aches/
public health measures) and multiple micronutrient deficiencies.

To respond to USAID's request, the Board on International Health—in
consultation with the Food and Nutrition Board—constituted an expert
committee of eleven members with broad expertise related to micronutrient
nutrition, diet, and health, especially as these relate to iron, vitamin A, and
iodine, and to the conduct and evaluation of global micronutrient deficiency
prevention programs. The committee focused on iron, vitamin A, and iodine
because they believed there was sufficient literature and program experience on
each to warrant review. Although the project concentrates on these three
micronutrients, it is hoped that similar reviews of other key micronutrients—for
example, zinc, folate, and vitamin B12—will be conducted as literature and
experience accumulate. In addition, while the background papers focus on
interventions conducted in developing countries, the committee broadened its
conceptual framework and recommendations to encompass at-risk populations
in industrialized countries as well.

The eight-month project was conducted in two phases. Phase 1 featured a
two-day workshop to evaluate successful approaches to the prevention of
micronutrient malnutrition and to identify the elements that had led to this
success. Workshop participants included committee members and additional
experts with research and program expertise related to the committee's task. In
planning the workshop, the committee recognized that while there is an array of
potential alternative strategies to deal with micronutrient malnutrition, it is
unlikely that any one intervention, by itself, will solve all the micronutrient
deficiencies in a given region or country. Thus, the mix of scientists and project
implementers invited to the workshop was designed to help ensure
identification of the optimal combinations
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of interventions most likely to be successful in a selected context. The range of
participants also allowed for complementarities in treating micronutrient
deficiencies to be identified.

Three background papers—evaluating iron, vitamin A, and iodine
deficiency interventions, respectively—were commissioned in advance of the
meeting. These provided a basis for much of the workshop discussion. The
papers were updated following the workshop on the basis of recommendations
from participants.

This report of the committee provides the basis for Phase 2 of the project,
which will involve convening representatives of key U.S. and international
organizations with a programmatic interest in combating micronutrient
deficiencies. Participants will discuss the implications of the report's findings
and recommendations for future policy and action. The meeting will be held in
early 1998.

ORGANIZATION OF THE REPORT

The report contains five chapters and one appendix. Chapter 1 summarizes
the findings and recommendations of the workshop. Chapter 2 provides a
synthesis of the discussions of the two working groups and the subsequent
plenary discussion. Chapters 3 through 5 present the three background papers
on iron, vitamin A, and iodine. The Appendix contains the workshop agenda.

Chapters 1 and 2 focus on overarching themes that emerged from the
workshop proceedings. In these chapters, the committee has attempted to
provide a framework for planning intervention programs that integrates three
micronutrients and provides matrices for assigning priorities to interventions in
different contexts. The committee offers these matrices as guidelines only,
recognizing that there may be circumstances in which unique personalities,
opportunities, or barriers exist that may lead countries to deviate from the
priorities in the matrix. The committee believes, however, that the matrices
offer a useful starting point for planners and donor agencies.

Readers interested in information on the specific micronutrients—iron,
vitamin A, and iodine—should refer to the background papers presented in
Chapters 3 to 5.

FINDINGS AND RECOMMENDATIONS

Findings

* Deficiencies of iron, vitamin A, and iodine are still highly prevalent
in the world. Approximately 2 billion people—or one-third of the
human race—are affected and at increased risk of death, disease, or
disability as a result.
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These deficiencies disproportionately affect the groups most vulnerable to
nutrient deficiency: women of childbearing age, pregnant women, lactating
mothers, and children under 5 years of age.

The consequences of iron, vitamin A, and iodine deficiencies are severe,
both with respect to health and to the damaged human capital and national
economic development they impose, particularly in developing countries. Iron
deficiency (ID) affects over one billion people, particularly children and
women. If uncorrected, iron deficiency leads to anemia, reduced work capacity,
diminished learning ability, increased susceptibility to infection, and greater
risk of maternal and childhood mortality. Vitamin A deficiency, defined by
characteristic eye signs, has been identified as a public health problem in over
40 developing countries. The consequences of vitamin A deficiency (VAD)
include increased risk of severe morbidity, mortality in children, and blindness.
lodine deficiency disorder (IDD) exists in most parts of the world, primarily
because of low intake of iodine in the diet. The consequences of IDD include
goiter, reduced mental function, increased rates of stillbirths and abortions, and
infant deaths.

* The nutrition status of all populations is in flux. Groups are in
continuous movement along a continuum of nutritional risk,
extending from a situation of severe micronutrient malnutrition,
through a wide spectrum of presumed nutrient adequacy, to one of
nutrient overload and toxicity at the upper end.

The goal of micronutrient interventions should be to move at-risk groups
within populations along a continuum from a state of public health risk or crisis,
which occurs when deficiencies and their health consequences are widespread,
to states of nutrient sufficiency and health.

* There exists a '"toolchest" of effective interventions against
micronutrient  malnutrition.  These interventions include
supplementation, food fortification, dietary diversification, and
public health measures such as parasite and diarrheal disease
control.

Availability of the toolchest alone, however, does not ensure programmatic
success. Review of past efforts indicates that many programs may have been
designed or implemented without adequate attention to country circumstances
or the context in which the intervention would be conducted. The "one size fits
all" approach to identifying effective micronutrient interventions has not
worked in the past, and it is unlikely to succeed in the future. Rather, successful
programs meet the nutritional needs over time of at-risk groups within both
resource constraints and the local cultural context. Review of successful past
programs suggests that they were more likely than less effective interventions to
have been tailored to local circumstances, matching the level of effort to the
severity and prevalence of
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deficiency, addressing the constellation of preventable causes of deficiency, and
tailoring their operations to a country's capacity to implement and sustain the
intervention.

e Past interventions have focused on single micronutrients, thus
missing opportunities to coordinate and leverage scarce human and
financial resources across funding agencies and the programs they
conduct.

In addition, relatively few interventions have incorporated complementary
public health control measures—for example, integrating dietary with
supplementary measures or parasite control or the teaching of personal hygiene
and sanitation practices—in their approaches to the alleviation of micronutrient
malnutrition.

* Review of past programs reveals an almost total lack of attention in
program design and implementation to the systematic collection of
data on costs linked to program components and effectiveness of
different interventions.

Such program monitoring is essential to providing information on
appropriate ways to improve the efficiency of implementation and coverage of
given strategies in different country settings.

The following recommendations were developed by the committee, based
on the workshop deliberations and on the background papers presented in
Chapters 3 to 5.

Recommendations

* Successful interventions to date have incorporated knowledge of key
factors—including the location (or clustering), severity, prevalence,
and multiple causes of the deficiency(ies); level of country
development; and the country's capacity to implement and sustain
the intervention. Advance in-country analysis, coupled with timely,
ongoing feedback and the flexibility to change programs as
indicated, are essential to initially determine program targets,
modify elements, and to remain efficient and effective in the long run.

Program support from external donor agencies has been essential to the
success of intervention programs to date, but such support—in order to be
maximally effective in the future—must be better tailored to target country
needs and capabilities than it has been in the past. Support should also be
maintained for a sufficient and biologically plausible period of time to show
success in achieving nutritional goals within the framework of the host
country's development
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plan. Availability of short-term, goal-oriented, program-specific external
funding should not be the primary factor driving the country program.

* Because deficiency of a single micronutrient seldom occurs in
isolation, often existing in the context of deprivation and multiple
micronutrient deficiencies, plans for sustained intervention should
consider interventions to target multiple deficiencies to the degree
appropriate and feasible. Interventions should incorporate all four
strategies—supplementation, fortification, food-based approaches
leading to dietary diversification, and complementary public health
control measures—again, to the degree appropriate and feasible.
Only the relative emphasis and time sequence for the four
approaches should differ, by level of population risk, phase of
intervention, and the micronutrients under consideration.

Supplementation is the method of choice when therapeutic treatment is
necessary—that is, to address severe micronutrient deficiency. Supplementation
is also an appropriate tool for preventive programs as long as the distribution
system can be maintained and those receiving the supplements continue to
consume them. Supplementation has been shown to be highly cost-effective in
achieving its nutritional goals and health impact. There is concern, however,
that it may be more costly to maintain than either fortification or dietary
diversification in the long term, although data to substantiate this concern are
lacking. To date, most of the efforts to control vitamin A and iron deficiencies
have focused on supplementation; comparatively few programs have also
included fortification and dietary diversification components. Evidence on
vitamin A replenishment from the Indonesia experience of the 1970s and the
Tanzania experience of the 1980s suggests that a more comprehensive
approach, designed to provide therapeutic treatment for those with frank
deficiency along with the preventive strategies for the general population, may
yield better results in the longer term.

Food fortification, with the exception of iodized salt, and dietary
diversification are not appropriate as therapeutic measures, but can be
successful as sustainable preventive strategies to control micronutrient
malnutrition. Food fortification requires the active participation of the food
industry. Dietary diversification and changes in meal composition require
individuals, families, and communities to change eating behavior in their unique
cultural context. Both strategies require more time than supplementation to
achieve the same change in micronutrient status. For this reason,
supplementation has been the preferred preventive and therapeutic strategy.
Food fortification, however, has the potential to reach a larger number of
consumers than supplementation, and therefore to have broader impact, as
evidenced by experiences with iodized salt and sugar fortification with vitamin
A in Latin America.

Except for iodine, food-based approaches are the most logical for
integrating micronutrient control programs. Interactions are avoided between
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potential concentrated-dose incompatibilities among supplements, such as
solubility differences, susceptibility to oxidation, and competition for
absorption. The situation with IDD control is different, because the deficit is not
correctable simply by growing more or different food in the same iodine-
depleted area. Furthermore, there is a proven, cost-effective IDD control
intervention—universal iodization of salt—that should receive continued
support, using oral iodine supplements to control the problem in limited,
unyielding situations.

Combining of nutritional interventions with other complementary public
health measures is frequently necessary to eliminate deficiency of a specific
micronutrient. Successful examples include coupling deworming with iron
supplementation to control anemia or enhancement of vitamin A status through
diarrheal disease control.

In addition, experience suggests that incorporating temporal combinations
into an intervention—that is, combining short-term with longer-term approaches
—increases the likelihood of sustained public health benefit. One such example
was the effective emergency use of iodinated oil in Bolivia in the late 1980s
while USI was being institutionalized.

* The long-term goal of intervention should be to shift emphasis away
from supplementation toward a combination of food fortification—
universal salt iodization (USI) or iron-fortified flour, for example—
and dietary diversification, where appropriate and feasible.

In other words, as populations move along the continuum of risk from a
position of higher to one of lower risk, the relative mix of interventions should
favor food, modeled after that presented in Table 1-1.

* There are a number of widely held beliefs among designers and
implementers of micronutrient interventions that have not been
empirically tested and that require such testing.

Two examples of such "conventional wisdom" include:

1. The belief that social marketing and education of recipients are
essential to empower them to make informed decisions and to
willingly participate. These elements are viewed by many as a
necessary component of all successful, long-term intervention
activities. With the exception of the Thailand ivy gourd initiative (see
Chapter 4), however, there are few examples to support this
contention. Research should, therefore, be directed toward confirming
the Thailand ivy gourd experience in other regions of the world,
particularly given the additional costs and complexities associated
with incorporating social marketing and nutrition education in
prevention or control programs.
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2.  The belief that community-level involvement is critical to high-
coverage and sustainability of progress achieved by programs (where
progress refers to continued program support that is political and
public, as well as financial). Again, there is little past experience to
support this contention; thus, confirmation is warranted.

* There is a critical need for information systems that will allow
governments and international funders to plan, monitor, and
evaluate processes and outcomes of micronutrient intervention
programs. Such information systems are most effective when
designed and included in interventions from the start.

Key elements of program information systems include:

—An ability to monitor sentinel aspects of performance at low cost and
refine process and output in a way that provides timely and relevant
feedback at each decisionmaking level of the program.

—A capability to monitor dietary intakes and micronutrient status over
time, as needed, to detect changes in these key outcomes and to
determine the level and stability of a population's risk so that
interventions can be responsive to changes in need.

—Application of standard methods of quality assurance and control that
can facilitate comparison of performance within and across interventions
and allow for more systematic evaluation of the elements and context of
program successes and failures in the future. Standardization of methods
can also make it easier to decide which trials are the more promising for
expansion to fully operational levels.

—~Guidance from experts in nutrition, population sciences, food science
and technology, management, and economics to assure the inclusion of
critical program elements to monitor and evaluate programs.

¢ Data on the costs and effectiveness of interventions for the control of
micronutrient deficiencies should be collected routinely as part of
all interventions.

The collection of data on cost-effectiveness through operations research
can provide information on appropriate ways to improve efficiency of
implementation and enhance effectiveness of selected strategies in different
country environments.

* Funders should increasingly engage governments and the private
sector—for example, national food industries and food cooperatives
—as partners
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in achieving sustainable improvements in the micronutrient content
of diets.

Because continued economic and social deprivation in target populations
constrain implementation of interventions and the sustainability of progress,
funders should also engage organizations that seek to improve the
socioeconomic status in populations suffering micronutrient malnutrition as
partners. As socioeconomic conditions gradually improve in many developing
societies, it is likely that the private food industry will increasingly influence
the nature and nutritional adequacy of the diets in these populations. Initiating
constructive working relationships and instilling a sense of responsibility within
the food industry are likely to yield stronger and more committed partnerships
in preventing micronutrient deficiencies in the future.
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2

Key Elements in the Design and
Implementation of Micronutrient
Interventions

The 1991 Montreal Conference! focused worldwide attention on "Hidden
Hunger." Not only were millions of individuals affected by deficiencies of
vitamin A, iron, and iodine, but solutions to these micronutrient deficiencies
were technologically possible. Since the 1991 conference, a number of donors
have committed substantial financial resources to solving the problem of
"hidden hunger." Other efforts, including the 1992 report of the International
Committee on Nutrition,> have helped stimulate national efforts to analyze
nutritional problems and the resources available for their solution. Less
attention, however, has been devoted to understanding the key elements needed
to implement and sustain a micronutrient intervention on a fully operational
scale (e.g., national, regional), as opposed to a pilot project scale, at either the
national or community level.

Experience to date has shown that "how" an intervention is implemented
may be as important, or in some cases more important, than "what" is
implemented. Some research has already been conducted on elements of
successful nutrition interventions generally; in 1989, the USAID International
Nutrition Planners Forum held a workshop in Seoul, South Korea, on "Elements
of Successful Community Nutrition Programs.”? Similarly, a World Bank-
funded project entitled "Successful Nutrition Programs in Africa: What Makes
Them Work?"* evaluated elements of effective nutrition interventions in the
region.

! "Ending Hidden Hunger" UNICEF/WHO Conference, Montreal, Canada, October,
1991.

2 International Conference on Nutrition, FAO/WHO, Rome, Italy, December 1992.

3 International Nutrition Planners Forum Workshop, "Elements of Successful
Community Nutrition Programs," Seoul, Republic of Korea, August, 1989.

4 Kennedy, E. 1991. Nutrition Interventions in Africa: What Makes Them Work?
World Bank Working Series in Population, Health, and Nutrition. Washington, D.C.
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Correspondingly little work, however, has been done on the elements of
effective micronutrient interventions. While the design and implementation
elements of effective micronutrient interventions may be identical to
macronutrient nutrition interventions in general, it is worth taking a systematic
look at the factors that account for—or constrain—their effectiveness.

This chapter draws on the discussions of the two working groups in the 5—
7 December 1996 workshop (see the Appendix for agenda). Working Group I
was charged with evaluating past experience with approaches to the prevention
or correction of micronutrient malnutrition. The approaches examined included
food-based strategies such as dietary change and fortification, supplementation,
and other public health measures, including parasite control and delayed
umbilical cord ligation. Working Group II looked more broadly at the major
elements of success and constraint in past programs.

This chapter first describes the importance of iron, vitamin A, and iodine
to health. It then considers options for successful interventions based on the
level of development of the target country. The costs of interventions are also
briefly reviewed.

In drafting this summary, the committee has followed two general rules.
First, while elements of past experiences may differ among the specific
micronutrients, the committee paid special attention to successful examples of
strategies incorporating more than one micronutrient or including improvement
in public health measures. Second, the committee and workshop participants
agreed to base all findings and recommendations in this report on the data
provided in three background papers, because these documents provided the
substantive basis for discussion at the workshop. "Conventional wisdom" was
not considered a sound basis for judgment in the absence of acceptable
evidence. To streamline discussion, no references are provided in this chapter;
the interested reader is encouraged to read the supporting papers.

THE IMPORTANCE OF IRON, VITAMIN A, AND IODINE TO
HEALTH

The health and vitality of human beings depend on a diet that includes
adequate amounts of certain vitamins and minerals that promote effective
functioning of physiologic processes, including reproduction, immune response,
brain and other neural functions, and energy metabolism. The body needs
relatively minute quantities of these elements—i.e., measured in micrograms or
milligrams—thus supporting their description as micronutrients. These elements
are essential; they cannot be manufactured by the human body and must be
obtained through dietary means. Deficiencies of most micronutrients are known
to have devastating effects on health. They increase risk of overall mortality and
are associated with a variety of adverse health effects, including poor
intellectual development and cognition,
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decreased immunity, and impaired work capacity. The adverse effects of
micronutrient malnutrition are most severe for children, pregnant women, and
the fetus.

This report focuses on lessons learned from past interventions to address
iron, vitamin A, and iodine malnutrition. The committee decided to limit its
evaluation to these three micronutrients because it felt there was adequate
experience for each and, because iron, vitamin A, and iodine deficiencies alone
are responsible for significant global mortality and morbidity. While discussion
relates to these three micronutrients, workshop participants agreed that the
lessons learned for improving future intervention strategies would also be
applicable to prevention and control of malnutrition created by deficiencies of
other micronutrients.

Iron

Iron is present in both heme and nonheme forms in the diet. Heme iron, the
most bioavailable form, is found in the greatest quantities in animal sources
such as red meat. Normal individuals absorb between 20 and 30 percent of
dietary heme iron, while iron-deficient subjects absorb between 40 and 50
percent. Nonheme iron—which is absorbed less efficiently than heme iron—is
most abundant in other sources of iron, including eggs and all vegetable roots,
seeds, leaves, and fruits. Nonheme iron is also present in heme iron-containing
and other animal tissues. Nonheme iron generally constitutes over 90 percent of
dietary iron, particularly in the developing world. In contrast with heme iron,
nonheme iron absorption is enhanced or inhibited by many dietary constituents.
Heme-iron-containing proteins, ascorbic, malic, tartaric, and succinic acids, and
many fermentation products are enhancers. Meat and alcohol, by promoting
gastric acid production, also enhance nonheme iron absorption. Inhibitors
include fiber, phytic acid and other polyphosphates, calcium, manganese,
polyphenols such as tannins and other compounds present in food (seeds, other
plant components, and many condiments), and beverages (e.g., tea, herbal
infusions, coffee, and chocolate).

ID has serious adverse consequences on health; the most evident is anemia.
About one billion people worldwide suffer clinical anemia. Severe anemia
causes as many as one in five maternal deaths and is a major cause of childhood
mortality in many developing countries. Other consequences of iron deficiency
are impaired physical growth; potentially permanent adverse effects on
neurological functions involving cognition, emotional behavior, reaction to and
reception of stimuli, attention span, learning capacity, and neuromotor
development and function; decreased capacity for physical work; lowered
immunity, resulting in increased susceptibility to infections; and alterations in
the reproductive process.
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Vitamin A

Vitamin A activity is found in fruits and vegetables that contain green and
yellow provitamin A carotenoid pigments and as the preformed vitamin in liver
and breast milk. Humans need less than 1 milligram of vitamin A a day to
maintain health, yet in 1995, it was estimated that 3 million children annually
exhibit xerophthalmia—that is, they are clinically vitamin A-deficient and at
risk of blindness. An additional 250 million children under 5 years of age were
estimated to be subclinically vitamin A-deficient (based on the prevalence of
serum retinol distributions below 0.70 umol/L) and at risk of severe morbidities
and premature death. These estimates do not include pregnant and lactating
women living in areas of childhood VAD endemicity who are also likely to be
in poor status, but for whom epidemiological data are quite limited. A high
prevalence of maternal night blindness and low breast milk levels of vitamin A
are reported in such areas. A lack of sensitive, survey-applicable, nonclinical
indicators specific to VAD, however, has hampered population-based
evaluation of status among reproductive-age women and other age and sex
groups.

Iodine

Iodine must be obtained from the environment, but it has been depleted
from the soil and water in many areas of the world. WHO has estimated that
over 1.5 billion persons in the world reside in regions of environmental iodine
deficiency and are at risk of IDD. The only recognized role of iodine in
mammalian biology is as a component of the thyroid hormones, although there
are data suggesting that iodine deficiency may be involved in fibrocystic
disease of the breast. IDD is associated with goiter, cretinism, mental and
neuromotor retardation, and reproductive impairment. Fetal and pre- and
postnatal survival are also reduced by iodine deficiency.

THE CONTINUUM OF POPULATION RISK

The nutrition status of all populations is in flux. Groups are in continuous
movement along a continuum of nutritional risk, extending from a situation of
severe micronutrient malnutrition, through a wide spectrum of presumed
nutrient adequacy, to one of nutrient overload and toxicity. The latter state is
not emphasized in this report. The committee has identified four levels of
population risk.

* Level IV (severe deficiency) is characterized by populations with severe
micronutrient malnutrition. These populations can be said to be in public
health crisis with respect to vitamin A and iodine deficiency when clinical
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manifestations (xerophthalmia and goiter) are prevalent at the levels
indicated in Table 2-1. Immediate therapeutic and prophylactic
programs are needed. There is lack of consensus on the prevalence
cutoff to determine the urgency for therapeutic public health programs
for anemia defined by hemoglobin level alone.’

* Level III (moderate deficiency) is characterized by populations with
moderate to severe micronutrient malnutrition where preventive or
therapeutic public health programs geared to the level of severity are
appropriate. This scenario is most frequently encountered in developing
countries, but it can be found in regions of industrial countries as well.

e Level II (mild and widespread deficiency) is characterized by
populations with mild micronutrient malnutrition. This scenario is
encountered in both developing and industrialized countries.

* Level I (mild and clustered deficiency) is characterized by only selected,
usually deprived, populations affected by micronutrient malnutrition.
This scenario is most frequently encountered in regions of industrial
countries.

Table 2-1 provides the criteria for classification of populations to Levels
IV to I for iron, vitamin A, and iodine status. In using this framework, program
funders—and implementers—should note that populations within a single
country may be at different levels of risk for these three micronutrients. For
example, a given country may have populations at Level II with respect to
iodine status, while the same or other populations are at Level III with respect
to iron status. The criteria in Table 2-1 are based on prevalence rates of specific
clinical and subclinical signs of iron, vitamin A, and iodine deficiency in
specified subpopulations. In studies in the field, standard clinical signs for
deficiency of iron, vitamin A, and iodine, respectively, are: anemia in any high-
risk group; xerophthalmia in preschool-age children, including night blindness;
and presence of goiter in school-age children as determined by palpation or
ultrasound. The subclinical indicators for deficiency of iron, vitamin A, and
iodine, respectively, are: iron deficiency indicator (usually serum ferritin);
serum retinol level; and median urinary iodine concentration. The highest level
of population risk assigned by a prevalence value takes precedence.

5> Hemoglobin is a biochemical measurement that in some populations may not closely
correlate with adverse health consequences at the cutoff used for defining anemia (e.g.,
when the hemoglobin distribution curve is narrow reflecting most values at the cutoff or
only slightly below). When the distribution curve is skewed to the left, the risk of
adverse health effects and need for public health interventions become increasingly
urgent. Level IV, therefore, refers to a situation with a hemoglobin distribution
substantially skewed toward the left.
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The rationale for classifying populations across the three micronutrients
examined in this report is an important one. Although the interventions for the
three will differ, it was the consensus of the workshop participants that
micronutrient deficiencies tend to cluster in populations. Thus, intervention
programs should always consider strategies that meet the population needs with
respect to multiple deficiencies where they may exist. While interventions on a
single micronutrient may, in certain instances, be appropriate (for example,
USI), the committee believes that strategies that focus only on a single
micronutrient, without consideration of other micronutrient needs, should no
longer be supported without careful consideration and justification.

In addition, the focus on both clinical and subclinical signs as criteria for
determining severity of micronutrient status is a deliberate one. Workshop
participants concluded that the prevailing focus of past intervention efforts on
frank clinical signs of micronutrient malnutrition as a basis for determining
need, while important for their severe health consequences and for serving as
indices of risk in the community, has often resulted in neglect of the vast hidden
problem of subclinical micronutrient malnutrition. The subclinical problems
contribute to slowed human capital development and stagnant national
economic development through reduced mental and work capacities and
premature deaths. Future efforts should therefore place particular emphasis on
the measurement, control, and ultimate prevention of subclinical deficiencies.

The purpose of any intervention program is to move at-risk populations
along the continuum of risk, from higher to lower levels of risk (toward Level
I). As this chapter will demonstrate, experience has shown that the timeframe
for movement will depend both on the context of overall national development
of the target population's country and the mix of interventions selected within
that context.

OPTIONS FOR SUCCESSFUL INTERVENTIONS

Past experience with strategies directed toward correction of iron, vitamin
A, and iodine deficiencies demonstrates that there is a "toolchest" of potentially
effective, complementary interventions available to both government and the
private sector. Workshop participants agreed, however, that the key to past
programmatic successes has not been just the availability of these tools—many
programs have faltered even with their use. Experience suggests that it is the
selection and adoption of the right mix of tools for a particular country or
regional setting that can ensure success. Equally important, evaluation of
limited past experience suggests that it is the persons and organizations using
the tool that provide the critical means for building upon and extending the
initial basis for success. Well-cited instances (see, for example, the description
of the Thailand ivy gourd project in Chapter 4) support the contention that it is
important that the people using the tools—ideally, providers at the local,
regional, and
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country level—have a say in their choice, are educated as to their strengths and
limitations in different circumstances, and are assured the means and
capabilities to maintain the tools long after their donors have moved elsewhere.
This may be achieved by building local "ownership," as would be done for
many food-based or supplementation interventions, or by utilizing a viable
industrial base and market, as might be the case for fortification. Although
logical and popular, workshop participants agreed that this contention requires
additional confirmation, given its limited testing and the considerable additional
costs associated with securing and maintaining broad-based community
involvement.

Availability of the toolchest alone, however, has not been sufficient to
ensure program success. Workshop participants agreed that careful
consideration and application of design and management strategies suited to
local conditions and needs are critical to success. Unfortunately, these strategies
have not often been given adequate consideration in the design of past
interventions.

The following section describes some of the major tools available in the
fight against micronutrient malnutrition. It should be emphasized that each has
its strengths and limitations and domain of applicability, providing a powerful
mix of options for improving micronutrient status in a population over varying
periods of time.

Supplementation

Supplementation refers to the addition of pharmaceutical preparations of
nutrients—capsules, tablets, or syrups—to the diet. Research has shown
supplementation of adequate dosage and duration to be efficacious in treating,
correcting, and preventing deficiencies of iron, vitamin A, and iodine for groups
in which there are serious health problems. A major challenge is to scale up
supplementation to a program level that achieves adequacy in target group
coverage, dosage, and frequency of dosing that assures effectiveness,
representing the combined impact of efficacy and the process of
implementation. Supplementation has traditionally been considered "short-
term," although it may usefully continue until effective alternatives are in place.
Iron supplementation and iron therapy are currently part of the national health
programs in the majority of developing countries and in many industrial
countries. Periodic distribution of high-dose vitamin A supplements, either
universal to all children of a specified age range or targeted to high-risk groups,
has been the most widely applied intervention for treatment, prevention, and
control of VAD. Supplementation of iodine using iodized oils by injection;
drops of Lugol's solution; and tablets of salts of iodine, sometimes disguised
with chocolate, have been less frequently used than supplementation for iron
and vitamin A, but it can be an effective stopgap measure in populations with
severe iodine deficiency until salt iodization can become effective.
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Strengths of supplementation include its immediate impact on
micronutrient status, health, and survival ability. It can achieve rapid coverage
in at-risk populations and be linked to the health care delivery system, and the
cost of worker training is relatively low, compared, for example, with that for
dietary modification. A key limitation of supplementation—whether it is used
to correct for deficiencies of iron, vitamin A, or iodine—is that because of
inadequate targeting or coverage, deficient individuals may not be identified or
reached routinely, and many at-risk persons, particularly in rural settings, can be
missed. In addition, periodic high coverage has often not been sustained over
time for a variety of reasons, including lack of sustained financial or political
support or other overriding priorities in a limited health infrastructure. Finally,
poor compliance by the target individual in taking a supplement has been a
consistent reason for the low impact of many supplemental schemes. This is a
particular problem in iron programs, which have traditionally relied on the use
of daily iron supplementation, although weekly dosing now appears to offer a
cost-effective alternative. Thus, supplementation should be considered an
essential and complementary bridge to more sustained measures such as food
fortification, food-based approaches, and other supportive public health
interventions. The example of Indonesia, which successfully shifted from an
almost exclusive reliance on vitamin A supplementation to more varied
strategies, such as fortification (see Chapter 4), supports this conclusion.

Fortification

Fortification refers to the addition of needed micronutrients to foods.
Adequate consumption of fortified food has been shown to improve
micronutrient status. The choice of a food vehicle or vehicles depends on a
series of factors, including the target group, food consumption patterns of the
target group, and availability and characteristics of the possible vehicle. With
respect to the target group, food vehicles may differ when directed to the
population as a whole (general fortification) or to specific target groups (e.g.,
infants, schoolchildren, and refugees), or defined socioeconomic or
geographical areas (for example, urban, rural, and ethnic group). The fortified
food should also be adjusted to match the food consumption practices of the
target population to avoid under- or over-supplementation. Foods should be
selected for fortification on the basis of the food consumption practices,
stability, production and marketing characteristics, and cost.

Experience has shown food fortification to be a useful bridge to
sustainable, long-term dietary change in populations at moderate and low levels
of iron and vitamin A deficiencies (Level III to I). If the program is made
universal through a commonly consumed product, fortification requires little
government involvement in the creation of consumer demand or in the training
of service delivery
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workers. In addition, it generally presents fewer logistical problems in supply
than supplementation and its costs end up being borne almost exclusively by the
private rather than the public sector. The experience with iron fortification is
mixed. When cereal flour is used without long storage time, ferrous sulphate is
cheap and effective, and ethylene diamine tetraacetic acid (EDTA) iron could
potentially be a satisfactory fortificant once supply and cost issues are solved.
Nevertheless, iron fortification of foods continues to be plagued by the absence
of ideal compounds that would be favorably absorbed, stable and nonreactive,
with little color and taste of their own, easily measurable for monitoring
purposes, and inexpensive. The experience with vitamin A fortification of foods
has also been mixed. Successful vehicles for vitamin A fortification have
included sugar in Guatemala and margarine in the Philippines. Experience with
the use of vitamin A-fortified monosodium glutamate (MSG) in the Philippines
and Indonesia—where the product was highly effective, but showed color
changes (yellowing) that the manufacturers feared would jeopardize sales—
suggests that it is important to solve technical problems with the vehicle early
on, while assuring that the population with the micronutrient problem consumes
the vehicle in stable quantities on a regular basis. Selection of the form of the
fortificant is important. For iodine and vitamin A, the options are more
straightforward than for iron. With iron, no one form is superior in all vehicles
and environmental conditions. Thus, careful evaluation of options is required
before the most appropriate iron fortificant is selected. The advantages outlined
for salt in the following paragraph are also true for iron fortification of flour in
some countries, and in vitamin A fortification of sugar. The same quality
assurance precautions are required.

Fortification of salt with iodine has been a major public health success. It
has the unique advantage among the micronutrients because it requires no
change in dietary habits in most instances: everyone uses salt. USI has therefore
become the cornerstone for prevention of IDD. Programs, however, must take
into account possible losses between point of manufacture or importation and
the consumer's table. Losses may vary among the forms of iodine used (iodide
vs. iodate), heat, purity, humidity, packaging, shelf time, and losses in cooking.
Programs should also be designed around salt consumption patterns in order to
ensure, as nearly as possible, an intake of iodine within the desired range.
Similarly, a major need in the salt iodization process is keeping the level of
added iodine within safe and effective limits. This means that, at the very least,
the concentration of the commercial product must be measured at frequent
intervals. Fortunately, the measurement technique is quite simple and
reasonably accurate for practical purposes. Difficulties arise in implementing
programs when the salt industry is widely dispersed among a large number of
small producers. Ensuring distribution of iodine to all local producers is
difficult, and compliance is a problem. Other foods that have been used
successfully as vehicles for iodine
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fortification have included bread and water. Salt, however, remains the
preferred vehicle for fortification.

A less traditional form of intervention is the broad class of plant breeding
strategies that are emerging to deal with micronutrient deficiencies. A number
of pilot trials are now under way worldwide to examine nutrient-modified crops
—high-iron rice is an example—to address serious micronutrient deficiencies.
In addition, reduced phytate staple crops are being developed to increase the
bioavailability of a range of micronutrients. If successful, these strategies are
attractive because they do not require a modification in typical dietary patterns.

Food-Based Approaches

Food-based approaches attempt to correct the underlying causes of
micronutrient deficiencies. These strategies are usually considered the ideal
long-term goal toward which society strives—provision or assurance of access
to a nutritionally adequate diet achieved through diversity of food availability,
wise consumer selection, proper preparation, and adequate feeding.
Nevertheless, the conventional assumption that food-based approaches
represent the best strategy for correcting micronutrient deficiency in all
circumstances needs to be reviewed carefully. If increases in homegrown foods
can be effected, and this leads to increased intakes, then the dietary change
minimizes the effect of lack of consumer access to markets or fluctuations in
market prices or food availability. Increased reliance on food-based approaches
decreases reliance on the health care system as a means of nutrient supply (as
with supplementation) and offers a source of nutrients through foodstuffs that
may be available through foraging as well as homegrown or procured foods. In
the case of iodine deficiency resulting from the low iodine content of water
supplies and locally produced foods, however, dietary change based on local
foods is not an option. Changes in food-based strategies also have only limited,
short-term application for the prevention of iron deficiency when there are
economic or religious constraints on increasing animal protein intake. In
addition, efforts to change national consumption patterns of foods that interfere
with iron uptake (e.g., tannin containing teas, wheat-containing foods) have had
limited success. Addition of iron enhancers to the diet (vitamin C) is also being
tried, but experience is limited. Studies have also shown that improving iron
status as part of the complementary feeding of infants and very young
preschoolers is impractical without fortification. For improving vitamin A
status, food-based approaches could be most effective where there is
widespread availability, variability, adequacy, and acceptability of vitamin A-
containing foods among targeted populations.

The cultivation of homegrown foods is not cost-free. In most cases the
responsibility for cultivation rests with the females in the household. The issue of
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time constraints on women must be a key consideration in assessing the
feasibility of home gardens to alleviate micronutrient deficiencies.

To at least some extent, past experience has shown that dietary
modification can be brought about by nutrition education. To even begin to
achieve such changes, however, may require five to ten years or more,
assuming a stable economic and political environment. Dietary modification
and changes depend not only on changes or modifications in agricultural
activities such as crops raised and food production, but also on food marketing,
preservation, and preparation. A critical institution is the infrastructure of the
communications industry, including those who produce mass media and point-
of-purchase advertising that may influence dietary change. Advertising and
other advocacy measures should, however, be based on principles of sound
nutrition.

Other Public Health Control Measures

Disease control methods—including immunization, parasite control,
provision of sufficient water and public sanitation, control of diarrheal diseases
and acute respiratory infections (ARI), and the teaching of personal hygiene and
sanitation practices—are an important addition to, but should not be considered
a replacement for, interventions that increase the micronutrient intake of
deficient populations. For example, high measles immunization coverage can
contribute importantly to VAD control, as documented in Tanzanian children
by the threefold reduction in hospital admission for corneal ulceration
associated with improved coverage (see Chapter 4). Similarly, treatment of
hookworm infection and prevention of reinfection have been shown to decrease
iron loss, and thus complement iron replenishment strategies (see Chapter 3).
Since correction of micronutrient deficiency, in turn, improves response to
immunization and other public health measures, simultaneous attention to
improving nutrition status and ensuring effective public health measures can
offer the most cost-effective interventions in deprived populations.

COSTS OF INTERVENTIONS

One of the most severe limitations in evaluating past strategies for
prevention or correction of micronutrient malnutrition is the widespread lack of
information on cost-effectiveness. The data that do exist suggest that
interventions against micronutrient malnutrition, considered either separately or
in any combination, offer a high return for a relatively low investment.
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The following two tables derive from the 1994 World Bank report,
Enriching Lives.® Table 2-2 indicates that the direct costs of delivering nutrients
as supplements or as fortified foods are low. In India and Guatemala, it cost US
$0.12/year per person (in 1994 U.S. dollars) to fortify salt and sugar,
respectively, with iron. In Guatemala, the costs of fortifying sugar with vitamin
A were US$0.17/year per person. In India, it cost US$0.05/year per person to
fortify salt with iodine.

The costs of dietary change are less well documented than those of
fortification and supplementation; most data derive from studies of vitamin A
interventions (see Chapter 4). A project conducted in Nepal attempted a cost-
effective analysis of three vitamin A interventions: semiannual capsule
distribution, capsule distribution piggy-backed to primary health care (PHC),
and nutrition education activities piggy-backed to PHC. Distribution of vitamin
A supplements was least costly, followed by PHC and nutrition education.
Similarly, when costs and effectiveness of three vitamin A interventions—sugar
fortification, capsule distribution, and gardening plus nutrition education—were
examined in a study in Guatemala, the analysis reported cost per high-risk
person achieving adequate vitamin A status to be US$0.98/year for fortification,
US$1.86/year for capsule distribution, and US$2.71/year to US$4.16/year for
gardens. For the pilot HI Bangladesh gardening project, annual cost/target
family averaged US$39.0/year. When disaggregated to an individual garden
level that included operating costs for seeds/seedlings, crop protection
(fencing), and irrigation, US$11.7/year was spent; minus fencing and irrigation,
the cost was US$3.0/year. The scaled-up national project, working through
Bangladeshi nongovernmental organizations (NGOs), has reduced costs to an
estimated US$8.33/garden, or US$1.5/individual.

Costs in life years gained from reductions in mortality and/or lived free of
illness and disability (disability-adjusted life years, or DALY’) provide a similar

6 World Bank. 1994. Development in Practice: Enriching Lives: Overcoming Vitamin
and Mineral Malnutrition in Developing Countries. Washington, D.C.: The World Bank.

7 The DALY is an indicator of the time lived with a disability and the time lost
through premature mortality. Years lost due to premature mortality are estimated in the
context of the standard expectation of life at each age. Years lived with disability are
translated into an equivalent time loss through multiplication by a set of weights that
reflect reduction in functional capacity. In both cases, the losses are weighted according
to a particular set of "value choices"—the value of time lived at different ages (age
weights) and time periods (discounting). (For a fuller justification of the conceptual
framework underlying the DALY, see Murray, 1994, and Murray and Lopez, 1996.)

Murray, C. J. L. 1994. Quantifying the Burden of Disease: The Technical Basis for
Disability-Adjusted Life Years. Bulletin of the World Health Organization 72(3):429-
445.

Murray, C. J. L., and Lopez, A.D. 1996. Global Burden of Disease and Injury, Vol. 1.
Boston: Harvard University Press.
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picture (see Table 2-3). Fortification with iron costs US$4 per DALY saved;
with iodine, US$8 per DALY saved; and with vitamin A, US$29 per DALY
saved. The costs of supplementation are also relatively low. Providing pregnant
women with supplemental iron costs US$13 per DALY earned, while
supplementing all people under age 60 with iodine costs US$37 per DALY
earned. Vitamin A supplementation of children under age 5 costs US$9 per
DALY earned.

TABLE 2-2 Costs of Micronutrient Control Programs

Micronutrient Country/Year Estimated Cost Estimated Cost
in US$/Person per Person per
(1994%) Year of
Protection (1994
$)
lodine
Oil injection Peru 1978 2.75 0.55
Oil injection Zaire 1977 0.80 0.17
Oil injection Indonesia 1986 1.25 0.25
Water fortification Italy 1986 0.05 0.05
Salt fortification India 1987 0.02-0.25 0.02-0.05
Vitamin A
Sugar fortification Guatemala 1976 0.17 0.17
Capsule Haiti 1978 0.27-0.41 0.55-0.81
Capsule Indonesia/ 0.25 0.50
Philippines 1975
Gardening, plus Guatemala 1994 2.71-4.16 n.a.
nutrition education (high-risk persons)
Iron
Salt fortification India 1980 0.12 0.12
Flour fortification Turkmenistan 1977 0.16 n.a.
Sugar fortification Guatemala 1980 0.12 0.12
Sugar fortification 1980 1.00 1.00
Tablets 1980 3.17-5.30 3.17-5.30

SOURCES: World Bank. 1994. Development in Practice: Enriching Lives: Overcoming Vitamin
and Mineral Malnutrition in Developing Countries. Washington, D.C.: The World Bank.; except for
(Guatemala 1994) Phillips, M., T. Sanghvi, R. Suérez, J. McKigney, V. Vargas, and C. Wickham.
1994. The Costs and Effectiveness of Three Vitamin A Interventions in Guatemala, Final Report.
Working Paper No. 2 Nutrition Cost-Effectiveness Studies, USAID, Washington, D.C.; (flour
fortification) Gary Gleason, 1997, UNICEF Central Asian Regional Office, Almaty, Kazakstan,
personal communication.
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In summary, all the cost-effective evaluations reviewed agree that fortified
foods or capsule distribution, depending on whether a fortifiable food, widely
consumed by the high-risk group, is available, are potentially the least
expensive interventions. Although fortified foods are likely to be the more
sustainable investment, they require a food production or delivery infrastructure
that may be lacking in many countries. Capsule distribution is a proven, time-
limited (except in the case of iron supplementation in pregnancy), and cost-
effective intervention if coupled with programs that have effective service
delivery to target groups and there is a consistent, adequate supply. Promotion
of increased consumption and/or production of food is a viable option in most
contexts where water supply is not critically short, but it requires application of
a social marketing methodology to overcome socioeconomic-cultural barriers to
behavior changes where benefits are not always obvious. There are many
difficulties in quantifying nonmonetary benefits in order to realistically estimate
the cost-benefit ratios associated with each intervention. Nonetheless, over the
long term, interventions that provide balanced, multinutrient improvements,
such as nutrient-rich, natural and/or fortified foods, are most likely to provide
permanent benefit to recipients dwelling in deprived contexts.

TABLE 2-3 Returns on Nutrition Investments

Deficiency/Remedy Cost per Life Saved Cost per Disability-

) Adjusted Life Year
Gained

Iron deficiency

Supplementation of pregnant 800 13

women only

Fortification 2,000 4

lodine deficiency

Supplementation (reproductive- 1,250 19

age women only)

Supplementation (all people 4,650 37

under age 60)

Fortification 1,000 8

Vitamin A deficiency

Supplementation (under age 5 325 9

only)

Fortification 1,000 29

Nutrition education 238 n.a.

Nutrition education and 252 n.a.

maternal literacy

SOURCE: World Bank. 1994. Development in Practice: Enriching Lives: Overcoming Vitamin and
Mineral Malnutrition in Developing Countries . Washington, D.C.: The World Bank.
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FEASIBILITY OF INVOLVING KEY SOCIETAL SECTORS IN
THE PLANNING AND IMPLEMENTATION OF
MICRONUTRIENT INTERVENTIONS: A GUIDE TO
DECISIONMAKING

Experience has shown that different strategies for prevention and control
of micronutrient malnutrition are required for countries at different levels of
development. Key elements for successful implementation of food fortification
programs and for achieving sustainable longer-term dietary change include (1)
the presence of a viable food industry; (2) available channels for food marketing
and distribution; (3) a health care system that can help identify and monitor
micronutrient malnutrition in the population and provide education and
treatment for deficiencies; (4) an effective core community of persons that can
provide necessary input into the planning, implementation, and evaluation of
intervention programs and enhance the kinds of educational, marketing, and
community outreach activities that will help ensure sustainability of the
intervention over the longer term; and (5) for long-term dietary change, a level
of population literacy that can allow for greater community involvement in
decisionmaking and conduct of intervention programs (see Chapter 4 on
vitamin A).

Table 2-4 presents the degree of availability and accessibility of these five
elements across four levels of country development and for urban and rural
populations as separate groups. The four levels of country development are:
very poor countries, poor countries, middle-income countries, and industrial
countries. This table can be used by local experts, in consultation with
international donors, to help identify optimal approaches to intervention.

Table 2-4 indicates that, for very poor countries, availability and access to
established food industries, food marketing or distribution channels, health care
systems, and developed community organizations are restricted. The overall
level of literacy is also relatively low. Expertise that may be brought to bear on
the planning and implementation of interventions tends to be more concentrated
among relatively few individuals.

The experience for poor countries is slightly better overall; access and
availability are increased for all elements. Access to the health care system is
increased in urban settings and the presence of effective community
organizations is greater, as is the level of literacy. While there are some notable
exceptions, where access to health care increased in low-income countries (e.g.,
Cuba and Sri Lanka), these examples are rare. Generally, as national income
increases, availability and access to basic health services increase.?

It is in the middle-income countries that the presence of established food
industries (in urban settings) and food marketing and distribution channels
becomes more pronounced. Health care is more widely accessible in both urban

8 World Bank. 1993. World Development Report 1993: Investing in Health. New
York: Oxford University Press for the World Bank.
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and rural settings and there tends to be organized community activity. Rates of
overall literacy are increased.
The five elements are well developed and established in industrial countries.

ELEMENTS OF SUCCESSFUL INTERVENTIONS ACROSS
THE CONTINUUM OF POPULATION RISK

This section and its accompanying tables combine information from the
last three sections and offer a guide to the preferred initial approaches to
prevention and control of iron, vitamin A, and iodine deficiencies in
populations at the defined levels of risk. Workshop participants agreed on two
guiding principles in developing these approaches. First, planning for sustained
intervention should include consideration of all four strategies—
supplementation, fortification, food-based approaches, and public health control
measures—where appropriate and feasible. Only the relative emphases among
the four approaches should differ, both by level of population risk and by phase
of intervention. Second, the long-term goal of intervention should be to shift
emphasis away from supplementation and toward a combination of food
fortification (USI or iron-fortified flour, for example) and food-based
approaches where appropriate and feasible to sustain change. In other words, as
populations move along continuums of risk and resource availability, the
relative mix of interventions should model those presented in the following four
tables for the level indicated. Inherent in this categorization, however, is the
implicit caveat that the most appropriate intervention is influenced by the
targeted age group. An obvious example is that of a 6-month-old, severely
anemic child who will likely be unaffected by a wheat iron-fortification program.

Interventions for Level IV Populations

For country planners and donors developing interventions for Level IV
populations, Table 2-5a suggests that supplementation be given primacy as a
first step. Supplementation should be universal in the case of iron and vitamin
A. The potential for toxicity of iodine supplementation in individuals with
normal iodine levels argues for an approach that is more closely targeted to
vulnerable groups.

The mix of preferred approaches in Level IV populations should also stress
USI where feasible, as well as opportunities for household-processed, food-to-
food fortification of complementary and weaning foods that take advantage of
traditional home and community preservation practices.

Intervention programs should also include elements directed toward
changing the diets of the target populations. More attention should be paid at
this stage to enhancing family capacity to grow nutrient-rich foods.
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TABLE 2-5a Preferred Initial Approaches to Prevention and Control of Iron,
Vitamin A, and lodine Deficiencies in Populations with Severe Micronutrient
Malnutrition—LEVEL IV

Approach Deficiency

Iron Vitamin A Iodine
Supplementation
Targeted to vulnerable groups — ++ +++
Universal ++++ ++++ —
Fortification
Targeted foods + +++ —
Universal — — ot
Food-based approaches
Food, nutrition education + ++ +
Food production ++ +++ n.a.
Food-to-food ++++ ++++ _
Public health control measures
Immunization ++++ 44+ _
Parasite control +++ ++ _
HW/S . — _
DD/ARI +++ +++ —
Personal sanitation/hygiene ++++ ++++ —

NOTE: ++++, very strong emphasis; +++, strong emphasis; ++, moderate emphasis; +, light
emphasis; —, no emphasis; food-to-food fortification, mixing of staple foodstuffs—e.g., mango
with gruel—at the household level to enrich nutrient content; n.a., not applicable; HW/S,
healthy water and public sanitation; DD/ARI, control of diarrheal diseases and acute respiratory
infections.

Public health measures that aim to control infectious diseases—for
example, treatment of hookworm infection and prevention of reinfection and
increasing measles immunization coverage—should be considered an essential
complement to interventions for iron and vitamin A, respectively.

Interventions for Level III Populations

Preferred approaches to combating micronutrient malnutrition in Level III
populations include movement away from complete reliance on universal
supplementation to a greater emphasis on supplementation of vulnerable groups.
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TABLE 2-5b Preferred Initial Approaches to Prevention and Control of Iron,
Vitamin A, and lodine Deficiencies in Populations with Moderate to Severe
Micronutrient Malnutrition—LEVEL III

Approach Deficiency

Iron Vitamin A Iodine
Supplementation
Targeted to vulnerable groups +++ +++ ++
Universal ++ + _
Fortification
Targeted — — —
Universal + ++ +4+++
Food-based approaches
Food, nutrition education ++ +++ +
Food production + ++ n.a.
Food-to-food +++ +++ _
Public health control measures
Immunization ++++ ++++ —
Parasite control +++ ++ _
HW/S +H+ ++ —
DD/ARI +++ ++ _
Personal sanitation/hygiene ++++ +A++ —

NOTE: ++++, very strong emphasis; +++, strong emphasis; ++, moderate emphasis; +, light
emphasis; —, no emphasis; food-to-food fortification, mixing of staple foodstuffs—e.g., mango
with gruel—at the household level to enrich nutrient content; n.a., not applicable; HW/S,
healthy water and public sanitation; DD/ARI, control of diarrheal diseases and acute respiratory
infections.

Programs should shift to a greater emphasis on food fortification relative to
supplementation, particularly with regard to USI and, to a lesser degree, vitamin
A and iron. National capacity to fortify and distribute foods should be exploited
whenever possible, with continued attention directed to opportunities for
household-processed, food-to-food fortification.

Food and nutrition education should become a more important part of the
mix, while programs to enhance family capacity to grow nutrient-rich foods
should continue to be stressed.

Public health control measures should continue to be considered an
essential complement to interventions for iron and vitamin A.

Interventions for Level II Populations

In Level II populations, the relative mix of approaches begins to emphasize
interventions that promote dietary change and programs that make use of
expanding
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national capabilities in food production and distribution. Supplementation
programs directed toward vulnerable groups should continue for iron and
vitamin A. USI remains the program of choice for iodine deficiency;
fortification with vitamin A and iron can also be helpful, assuming some level
of food processing—refining sugar, milling flour, and the like—in the target
country.

Complementary public health measures to control parasitic and diarrheal
diseases and ARI are generally not needed because of the usual absence of these
diseases in Level II populations. Nevertheless, efforts directed toward
maintaining immunization rates and ensuring sanitation and hygiene in home
practices should continue to be stressed.

TABLE 2-5c Preferred Initial Approaches to Prevention and Control of Iron,
Vitamin A, and lodine Deficiencies in Populations with Mild and Widespread
Micronutrient Malnutrition—LEVEL II

Approach Deficiency

Iron Vitamin A Todine
Supplementation
Targeted to vulnerable groups +++ ++ +
Universal — — —
Fortification
Targeted — — —
Universal +++ ++ ++++
Food-based approaches
Food, nutrition education +++ ++++ +
Food production — + n.a.

Food-to-food — — —
Public health control measures

Immunization ++++ 4+ _
Parasite Control — _ _
HW/S — — _
DD/ARI — _ _
Personal sanitation/hygiene ++++ ++++ —

NOTE: ++++, very strong emphasis; +++, strong emphasis; ++, moderate emphasis; +, light
emphasis; —, no emphasis; food-to-food fortification, mixing of staple foodstuffs—e.g., mango
with gruel—at the household level to enrich nutrient content; n.a., not applicable; HW/S,
healthy water and public sanitation; DD/ARI, control of diarrheal diseases and acute respiratory
infections.
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TABLE 2-5d Preferred Initial Approaches to Prevention and Control of Iron,
Vitamin A, and lodine Deficiencies in Mild and Clustered Populations—LEVEL I

Approach Deficiency

Iron Vitamin A Todine
Supplementation
Targeted to vulnerable groups ++ + +
Universal — — —
Fortification
Targeted — — —
Universal +++ ++ ++++
Food-based approaches
Food, nutrition education ++++ ++++ ++
Food production — — n.a.

Food-to-food — — —
Public health control measures

Immunization ++++ ++++ —
Parasite control n.a. n.a. —
HW/S n.a. n.a. —
DD/ARI n.a. n.a. —
Personal sanitation/hygiene ++++ ++++ —

NOTE: ++++, very strong emphasis; +++, strong emphasis; ++, moderate emphasis; +, light
emphasis; —, no emphasis; food-to-food fortification, mixing of staple foodstuffs—e.g., mango
with gruel—at the household level to enrich nutrient content; n.a., not applicable; HW/S,
healthy water and public sanitation; DD/ARI, control of diarrheal diseases and acute respiratory
infections.

INTERVENTIONS FOR LEVEL I POPULATIONS

Food-based approaches and food fortification are the approaches of choice
to address micronutrient malnutrition in selected, usually deprived, populations
of Level I countries. Programs directed toward iron and, to a lesser degree,
vitamin A supplementation of at-risk groups should be continued as needed, as
should universal public health control measures such as immunization and
education on personal hygiene and sanitation.

Balancing Approaches to Country-Specific Circumstances

Countries with micronutrient deficiencies at a public health level are
usually confronted with multiple problems of underdevelopment and limited
resources to deal with them. Setting priorities is essential, not a choice. A series
of notable
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political events, beginning in 1990 with The World Summit for Children and
the follow-up 1991 conference on Ending Hidden Hunger, focused world
attention on micronutrient malnutrition. The preparatory process for the
International Conference on Nutrition in 1992 and country-level follow-up
actions have fostered national-level planning for micronutrient deficiency
control that was virtually nonexistent in many countries before these high-
profile political events. National planning often is done collaboratively with
international and bilateral agencies because of reliance on their financial
assistance for program follow-up. The caution is to ensure that internationally
set, time-bound goals are driven by nationally determined, not donor-driven,
considerations.

Coordinating Interventions Across Micronutrients

Malnutrition from a single micronutrient seldom occurs in isolation, but
within the context of deprivation, including multiple vitamin/mineral deficits.
Thus, it is attractive to conceive of dealing with all of these deficits
concurrently. A careful analysis needs to be undertaken, however, to determine
where program compatibility exists in areas of awareness, assessment, analysis
of causes, and resources available for solutions. Coordinated strategies are
technically feasible, but infrequently implemented.

Except for iodine, food-based approaches are the most logical for
integrating micronutrient control programs. Interactions are avoided between
potential concentrated-dose incompatibilities among supplements, such as
solubility differences, susceptibility to oxidation, and competition for
absorption. The situation with IDD control is different because the deficit is not
correctable simply by growing more or a different variety of food in the same
iodine-depleted area. Furthermore, there is a proven, cost-effective IDD control
intervention—universal iodization of salt—that should receive continued
support, using oral iodine supplements to control the problem in limited,
unyielding situations. Nonetheless, there are areas of opportunity for cost-
saving, complementary activities in assessment, program selection and design,
and in delivery mechanisms to vulnerable groups where micronutrient
deficiencies coexist.

COMMON ELEMENTS OF SUCCESSFUL MICRONUTRIENT
INTERVENTIONS

This section briefly details elements that the workshop participants
identified as being common to all successful micronutrient interventions (see
Table 2-6).

Political Will/Stability

Experience demonstrates that political will and stability are important
factors in the control of micronutrient deficiencies. Political instability breeds
failure, as demonstrated
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by the collapse of the initially successful Guatemalan salt fortification (iodine)
and sugar fortification (vitamin A) programs following a period of political
unrest. Working to ensure consistent signals from a broad spectrum of
leadership affirming the importance of eliminating or reducing micronutrient
disorders, however, can help catalyze both government and voluntary agency
efforts. Key actors in this process are political and administrative leaders, those
from the health sector, the business community, NGOs, and, when involved in
such programs, international agencies. Respected and visionary local champions
of the intervention should be sought and involved from the earliest stages of
program development. These champions can be individuals, as was the case in
the Ecuador salt fortification program, or industries, as was seen in the Nigerian
salt fortification program. Political will can be further enhanced and maintained
through the development of creative partnerships, such as that between the
government of the Philippines and the private sector in the program to fortify
margarine with vitamin A.

Strategic and Program Planning

A common element in the design and implementation of successful
micronutrient programs is development of effective strategies and planning
processes. Strategic planning results in a clear set of impact objectives to be
reached over a set timeframe and the choice of interventions and the necessary
scale of operations to achieve them within available resources. Program
planning involves formulation of process objectives and work plans. Decisions
include choices of scale, targeting to particular beneficiaries, phasing and
sequencing of activities, and selection of technologies. The planning process
also addresses development of effective systems for training, supervision,
management and logistics, the framing of work routines, allocation of tasks and
functions, and phasing and sequencing of activities. The successful experience
in increasing use of the underutilized vitamin A-rich ivy gourd in Thailand was
a good example. A majority of these elements were incorporated (see page
117). The flexibility to adapt program content to changing circumstances,
including lessons of implementation experience, is also a characteristic of
successful intervention programs.

Community Involvement, Participation, and Consumer
Demand

Involvement of the community at the point where interventions and
beneficiaries intersect is a feature of some successful micronutrient programs.
An excellent example was the program promoting horticultural interventions in
gardens in Bangladesh. Committees at the state, district, block, and village
levels provided guidance, coordination, and implementation (see page 123). It
also characterizes most of the programs that have had positive results against
other forms of malnutrition. Opinion is divided as to when and how best to
involve individual communities:
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before the basic program framework is prepared or after. Both strategies appear
to have helped to generate appropriate levels of consumer demand for
interventions. Involving each community in the original design of its own
interventions through such techniques as Participatory Rural Appraisal may
fully invest program ownership in the community. The price, however, might be
a diversity, which the program management system cannot easily absorb.
Presenting a community with a design that has proved workable in similar
circumstances may limit its involvement to adaptation, but has not proved a
major impediment to beneficiary participation in the program.

Physical and Administrative Infrastructure

Experience shows that when interventions have been "scaled up"—that is,
increased in size and/or duration—results may be disappointing, in part because
of the failure to anticipate the management and institutional capacity needed for
ongoing operation. To ensure larger-scale or sustained accomplishment, the
physical and administrative infrastructure must be appropriate. Among the
indications that these conditions exist are the following, which apply regardless
of the intervention being considered:

*  Physical infrastructure. This includes adequate communications
capability (e.g. postal mail, telephones, faxes, e-mail; presence of roads,
or other ways to reach the populations at risk) and special storage
conditions where required.

» Strategy and program design capability. These include the ability to
identify optional strategies and program designs, to test them out, to
choose best alternatives, and to evaluate and adjust programs on the
basis of appropriate operations and management research. Selection of
the most appropriate strategies and program designs also requires the
capacity to adapt them to specific resource environments and
constraints, along with the ability to measure program costs, efficiency,
and effectiveness, as well as costs foregone through intervention
outcomes. Part of the strategy and program design process requires clear
specification of roles for concerned organizations and institutions, as
well as administrative accountability at all levels of managerial and
implementation responsibility.

* Scaling-up skills. The initial success of many interventions is based
primarily on the results of small-scale clinical trials. The ability to move
to the national level from such small-scale endeavors needs to be
validated through large-scale field demonstrations that include measures
of effects.
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TABLE 2-6 Common Elements of Successful Micronutrient Interventions

Element

Description

Political will/stability

Strategic and program planning

Community involvement, participation,
and consumer demand

Physical and administrative infrastructure

Communications strategies

Use of appropriate food vehicle

Sustainability

Information systems, monitoring, and
evaluation

Consistent signals from a broad
spectrum of leadership; key actors in
this process are political and
administrative leaders, those from the
business community, nongovernment
organizations, and, when involved in
such programs, international agencies.
Strategic planning results in a clear set
of impact objectives to be reached over
a specific time frame and the choice of
interventions and the necessary scale of
operations to achieve them within
available resources; program planning
involves formulation of process
objectives and work plans.

Experience has demonstrated that
involvement of the community in all
program phases, from initial design to
evaluation, helps to generate
appropriate levels of consumer demand
for interventions.

Presence of a competent physical
infrastructure, strategy and program
design capability, scaling-up skills (i.e.,
ability to move to national levels from
smaller-scale, local endeavors),
managerial capability, budgetary
resources, and human resources.
Ability to generate consumer demand
for improved micronutrient status, to
remove barriers to adoption of specific
micronutrient-enhancing practices.
Such strategies are critical to long-term
program sustainability and effectiveness.
Choice should take into account
bioavailability, safety, side effects, and
public acceptance; the technology
should be consistent with best practice
as determined by comparison with
similar programs or well-documented
research in pilot or clinical programs.
Three key factors include efficacy,
appropriateness, and demonstrated
feasibility.

Process and outcome indicators,
including biological indicators,
appropriate to monitor intervention
impact will vary in accordance with the
intervention objective.
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* Managerial capability. Training to strengthen or develop a management
ethic and skills, and to promote management institutional development,
including systems for administrative control, is an important but
sometimes overlooked factor that influences program success. The
establishment of appropriate process goals and a system and procedures
for periodically assessing progress toward them is an important measure
of managerial capability.

* Budgetary resources. Resources consistent with achieving established
impact objectives need to be made available. These include budgets
adequate to develop, test, and choose among strategy options; to
formulate and refine the program design; and to test and implement
interventions at agreed operational levels for the time specified to reach
program objectives.

*  Human resources. The capacity to define tasks and workloads
realistically, and to train, deploy, supervise, and retain both employees
and, where appropriate, volunteers must also be considered. Task-
oriented training needs to take place initially and on an in-service basis,
particularly for workers and supervisors in service delivery programs
that involve supplementation and communications. Food-based
approaches involving dietary modification require appropriate training
of formal and informal educators in the use of both interpersonal and
mass media resources. Supervisory tasks and ratios need to be geared to
service delivery tasks and work routines.

Communications Strategies

Communications can play an important role in successful micronutrient
programs by inducing target groups to improve their micronutrient-related
behaviors. Depending on the specific operational context, successful
communications strategies seek to (1) generate consumer demand for improved
micronutrient status and/or (2) remove barriers to adoption of specific
micronutrient-enhancing practices. Such strategies are critical to long-term
program sustainability and effectiveness.

Communications is an important supportive measure in supplementation
and fortification. It can be both a supportive and a leading intervention in the
area of dietary modification. In micronutrient supplementation regimes,
motivating consumers to demand improved micronutrient status as a personal
benefit can lead to higher coverage rates, better compliance, and more efficient
implementation. Regarding fortification, public demand for better micronutrient
status plays a part in both consumption of the fortified product and in
encouraging administrative bodies to adopt and enforce quality-control and
other regulatory mechanisms. In the area of dietary practices, appropriate
communications interventions can persuade consumers to prepare existing
menus in micronutrient-favorable ways and/or to diversify their diets to include
new sources of micronutrients.
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Successful communications strategies include: (1) market segmentation,
that is, identification of groups whose attitudes and behavior are to be affected;
(2) definition of the specific changes sought for each group; (3) understanding
of the barriers to such changes; (4) selection of suitable communications
channels; and (5) the development and testing of appropriate messages.

In most cases, a comprehensive communications strategy will need to
address specific segments of the general public, with attention to both target
groups for a given intervention and those who influence the micronutrient
behavior of such groups. Health workers and managers, from the community to
the tertiary care levels, would often need to be included in the strategy, and in
most cases would require reorientation, training, and materials support to do so.
The potential role of policymakers, particularly in health, agriculture, education,
industry, and finance also would need to be analyzed, particularly when such
officials could affect resource flows, public perceptions, or other key aspects of
the communications process. Two good examples of successful use of
communications strategies in building support for and implementing effective
interventions were the joint iodine fortification/supplementation program in
Ecuador (see page 180) and the experience in applying social marketing
methods to increase use of locally available vitamin A-rich foods in Thailand
(see page 117).

Use of Appropriate Vehicle

The choice of an appropriate vehicle for the micronutrient and/or
intervention strategy selected should take into account bioavailability, safety,
side effects, and public acceptance. The vehicle should be consistent with best
practice as determined by comparison with similar programs or well-
documented research in pilot or clinical programs.

An example of inappropriate choice of vehicle was the Indonesian
experience of fortifying MSG with vitamin A (see page 133). Although the
vehicle was universally applicable, the resulting fortified "yellow rather than
white" product was unacceptable. The widely accepted use of iodinated oils in
Ecuador (see page 180) and vitamin-A fortified margarine in the Philippines
(see page 134) indicates, however, that selection of an appropriate food vehicle
is an important determinant of program success. Genetically modified crops
appear to offer opportunities to increase yield, increasing micronutrient content
or bioavailability. Their acceptance by the public, however, needs to be
addressed.

Sustainability

Sustainability, as used here, refers to both the continuity of a successful
intervention and a continuation of a significant, positive impact on the intended
beneficiary.
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The first kind of sustainability thus relates to process, the other to outcomes.

Three factors are essential for sustainability: efficacy, appropriateness, and
demonstrated feasibility. Clearly one would only want to sustain an intervention
that has "worked." The assumption is that a policy or program has been
implemented that addresses the micronutrient need of a particular population. In
order to continue to effectively operate the intervention, an institutional
structure is needed that will allow for ongoing capacity for management. One
common finding in public health interventions, in general, is that successful
approaches are the ones designed and managed as part of research and/or pilot
projects.

Cost is clearly a factor that influences sustainability. Programs based on a
permanent reliance on external funding are usually not viable in the long term.
At the same time, precipitous withdrawal of external funding may also doom
projects. A consistently agreed upon gradualist approach may be optimal. There
are now examples of the effective transition from total donor funding to total
support by financing at the national level. The Indonesia vitamin A program is
an excellent example of an intervention that evolved over a 20-year period from
100 percent donor support to the current program, which is entirely funded by
government monies. The time period is also critical. For most countries, it is
unrealistic to expect this transition to occur in a 3- to 5-year period.
Micronutrient interventions such as the Indonesia vitamin A program, in which
the donors and the host country plan for this transition from the initial stages,
are the ones that have been most successful.

Micronutrient interventions that continue to achieve a significant impact
on the target individuals are projects that are flexible enough to respond to the
changing needs of the client. Typically this involves a combination of
approaches to address a particular micronutrient. For vitamin A, as an example,
a combination of strategies is most effective in reducing vitamin A deficiency in
a given area. Each country must determine the most cost-effective mix of
interventions.

Information Systems, Monitoring, and Evaluation

Monitoring and evaluation are essential program elements. They are vital
for ensuring and improving efficiency of program operations—reaching the
target group in a cost-effective fashion. Monitoring may provide early warning
signs that either program operations are faltering or that prevalence of
micronutrient malnutrition is rising in one or more groups. Protocols for
monitoring and evaluation must be developed as part of the overall program
design and implemented as part of the program. Programs that have not done so
have inevitably failed. Projects that have incorporated strong monitoring and
evaluation components, such as the two programs promoting home gardens in
Bangladesh described in Chapter 4 (see page 123), have been successful and
have been sustained.
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Indicators appropriate to monitor intervention impact will vary in accord
with the intervention objective. For example, program objectives may be to
improve coverage of iron-supplement recipients; to insure that a vitamin A-
fortified food meets quality assurance standards or is selected for consumption
by target groups; to cause a change in food consumption behaviors, such as the
frequency of consumption of dark, green, leafy vegetables (DGLV); or to
increase the year-round availability of vitamin A-rich food in household or
community gardens. The appropriate intervention-specific impact indicator(s)
for each of these objectives will differ; in some cases process indicators will be
appropriate, and in other cases biological indicators will be the most useful. If
the desired outcome of the intervention is to document a change in the vitamin
A status of the recipient population, biological indicators are ideal. Use of
impact indicators, however, can be limited in instances where they are difficult
to measure and it is likely that a scaled-up intervention will not have the
precision necessary to demonstrate impact. In such cases, process indicators
should be substituted. For example, demonstrating that the target population
received the supplement of vitamin A and ingested it is sufficient. Strong
evidence is already available that vitamin A supplements reduce vitamin A
deficiency and childhood mortality and morbidity; thus, it is not necessary to
repeat these impact measurements.

Resource availability can limit the feasibility of direct biological
evaluations because these indicators are usually more costly to obtain and
evaluate than indirect indicator data. In such situations, outcomes derived from
metabolic and/or controlled community studies lend credence to causative
inferences from similar outcomes of interventions implemented in less
rigorously controlled community studies. Inability to perform biological
evaluations should not be the sole criterion that prevents initiation of, or stops,
VAD control programs when and where such programs are needed.

Biological Indicators

Population monitoring of iron deficiency is difficult. Responsiveness of the
left tail of an Hb distribution curve is probably the best and least expensive
indicator of iron-deficiency anemia, but is inadequate to measure iron reserves.
In spite of limitations noted in the background paper on iron, serum ferritin is
likely to be the best indicator of measuring iron status. In developing countries
with initial high prevalence rates of anemia (and hence prevalence rates of
nearly 100 percent subclinical iron deficiency), however, assessing hemoglobin
levels is enough.

VAD, like iron deficiency, is difficult to monitor. In the view of the
workshop participants, process indicators can monitor most programs just as
accurately as any single biological indicator and with less expense. Which to
use depends on the mix of program strategies. Clinical indicators require very
large
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sample sizes because they are rare events. Night blindness is only useful in
some populations and does not detect all subclinical VAD. The dynamic nature
of the left tail of serum distribution curves among populations of young children
is likely the best reflector for biological monitoring.

Monitoring of progress against iodine deficiency will usually involve both
process and biological indicators. In a highly endemic area, goiter prevalence
might be an appropriate initial indicator, but as a control program progresses,
overall goiter rate is not an adequate indicator, because adult goiters are often
fibrotic, and thus persist even when iodine deficiency is corrected. Goiter
incidence in school-age children, however, could be appropriate until it
becomes quite low. In contrast, median urinary iodine is reflective of current
intakes of a population. Coverage can usually be monitored adequately—with
least expense—by nonbiological process indicators such as the number of
households in which iodized salt or other fortified food vehicle is consumed. To
monitor quality control, however, quantitative laboratory methods for iodine
levels in batches of salt, or median urinary iodine levels between cutoffs
reflective of the desired level of iodine intake, are appropriate. Where the level
of development favors institution-based deliveries, neonatal thyrotropin (TSH)
—if a screening program for neonatal hyperthyroidism is already in place, as it
is in much of Europe and other developed regions of the world—would be
possible, but more expensive than urinary iodine. Median urinary iodine in
representative school-age populations is likely the best indicator for long-term
monitoring of iodine status and quality assurance of adequate salt iodization
levels.
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3

Prevention of Iron Deficiency

Fernando E. Viteri, M.D., Sc.D.

University of California at Berkeley

Iron is an essential nutrient. Iron deficiency in humans has wide-ranging
negative consequences, including impaired physical growth, compromised
cognitive development, short attention span and impaired learning capacity,
reduced muscle function and energy utilization, decreased physical activity and
lower work productivity, lowered immunity, increased infectious disease risk,
impaired fat absorption (most probably including fat-soluble vitamin A),
increased lead absorption with all its negative consequences, and poorer
pregnancy outcomes (Alaudin, 1986; Chandra, 1990; Dallman, 1974, 1986;
Enwonwu, 1989; Husaini et al., 1990; Judisch et al., 1986; Li et al., 1994,
Lozoff et al., 1992; Pollitt et al., 1982; Scrimshaw and SanGiovanni, 1997,
Viteri and Torun, 1974; Walter, 1992). Iron deficiency also impairs the
transformation of the thyroid hormones, T4 to T3, in peripheral tissues, the
production and metabolism of epinephrine and norepinephrine, and leads to
difficulty in maintaining body temperatures upon exposure to cold (Beard, 1990).

Functional consequences of severe iron-deficiency anemia during
pregnancy include increased rates of premature delivery, perinatal
complications in mother and newborn, low birthweight, low iron stores, and
indications of iron deficiency and anemia in the newborn or in later infancy. Of
great concern is the finding that some of the negative effects on cognitive and
affective function of iron deficiency in infancy may persist, even after ion
deficiency and anemia have been corrected (Lozoff et al., 1992). The majority
of studies also report adverse consequences from mild to moderate iron
deficiency and anemia.

The standard WHO criteria for anemia are shown in Table 3-1 (NSS1).
These criteria indicate that the iron deficiency is of sufficient severity to
interfere with hemoglobin formation, but iron has many other functions that are
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more sensitive to iron depletion. Approximately 73 percent of the body's iron is
normally incorporated into hemoglobin and 12 percent in the storage complexes
ferritin and hemosiderin. A very important 15 percent, however, is incorporated
into a variety of other iron-containing compounds essential to cell function.

WHO data indicate global rates for iron deficiency anemia in developing
countries of 51 percent for children 0—4 years of age, 46 percent for school-age
children, 42 percent for women, and 26 percent for men (NSS1) (see Table 3-1
for the WHO diagnostic criteria for iron-deficiency anemia). Even in the United
States, the NHANES II survey found an overall 7 percent prevalence of actual
anemia in women 15-44 years of age, but with the highest burden in minority
and poverty groups (WHO/UNICEF/UNU, in press).

DIAGNOSIS OF IRON DEFICIENCY AND ANEMIA

In the absence of pathological iron losses, iron requirements are greatest
during periods of growth (e.g., childhood); pregnancy; and, in women of
reproductive age, because of menstruation. Documented associations between
iron deficiency and ferropenic anemia include smaller babies, higher rates of
stillbirth and perinatal mortality, more premature deliveries, and newborns with
lower iron stores. An infant's risk of developing iron deficiency begins in utero,
because premature delivery deprives the baby of the accumulation of iron near
the end of pregnancy and smaller babies generally have less body iron
(Widowson and Spray, 1951; Rosso, 1990). Unfortunately, the iron in breast
milk cannot prevent the exhaustion of iron reserves in the first 4—6 months
brought about by rapid growth. Poor weaning practices and inadequate feeding
during childhood contribute further to the persistence or development of iron
deficiency. When growth rates diminish, risk of iron deficiency is reduced
unless there is abnormal blood loss to parasitic infection; menstruating women,
however, continue to be at risk. In this group, about 20 percent have skewed
menstrual blood (iron) losses in the upper ranges of the normal distribution that
cannot be covered by their usual dietary intake, and over 50 percent have
inadequate or depleted prepregnancy iron reserves (Cook et al., 1986; Custer et
al., 1995; Franzetti et al., 1984; Hallberg and Rossander-Hulten, 1991). Because
of the high iron requirements of pregnancy, iron deficiency is the rule,
particularly in teenage gestations and in women with frequent pregnancies.

The stages in the development of iron deficiency are the depletion of iron
stores, as indicated by low plasma ferritin; interference with biochemical
processes, indicated by low transferrin saturation and elevated free erythrocyte
protoporphyrin and serum transferrin receptors; and, finally, anemia, as
indicated by low hemoglobin. It should be noted that although transferrin
receptors appear promising as an indicator, standard cutoffs and interpretation
of values from different commercial assays are yet to be developed. Up to an
anemia prevalence
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of 50 percent, the proportion of individuals with biochemical iron deficiency is
about double those with actual anemia (WHO/UNICEF/UNU, in press). Above
50 percent, it can be assumed that nearly all of the population described is iron
deficient. The significance of this finding is that these subclinical degrees of
iron deficiency can interfere with cognitive, immune, and muscle function.

Pregnancy presents challenges in the diagnosis of both anemia and iron
deficiency because of the normal and variable hemodilution, which lowers
hemoglobin concentration to varying degrees, and the hormonal changes and
the frequency of infection, both of which modify the indicators (Cook et al.,
1994; Hytten, 1985; Puolakka et al., 1980; Romslo et al., 1983). Serum
transferrin receptor levels appear especially useful in diagnosing iron deficiency
in pregnancy (Carriaga et al., 1991). The lack of appropriate hemodilution in
chronic undernutrition may mask the true level of anemia in the face of iron
deficiency and decreased circulating hemoglobin mass (Rosso, 1990).
Prepregnancy iron nutrition and hemoglobin level markedly influence the
development of gestational anemia (Kauffer and Casanueva, 1990). There is
thus a need to consider interventions that will improve prepregnancy iron
reserves and provide extra amounts of iron, in addition to that in the diet, during
gestation (Sloan et al., 1992; Viteri, 1994a,b, in press a,b).

After initial diagnosis of the prevalence of anemia and, ideally, the Hb
distribution within a population, with emphasis on at-risk groups, the diagnosis
of iron deficiency can be refined and verified by further biochemical tests. The
Hb response to iron administration is best measured as part of ongoing
surveillance of an adequate sample of the population. These additional steps
could be implemented simultaneously. The surveillance system should be based
on serial hemoglobin determinations in samples of population groups at risk
(ideally also including serum ferritin) and periodic assessments at sentinel
epidemiological sites.

TABLE 3-1 Cutoff Values for the Diagnosis of Anemia (WHO)
Hemoglobin <

Age/Gender Group g/l mmol/l  Hematocrit < 1/1
Children

6 months—5 years 110 6.83 0.33

5-11 years 115 7.13 0.34

1214 years 120 7.45 0.36
Nonpregnant women (>15 years) 120 7.45 0.36

Pregnant women® 110 6.83 0.33

Men (* 15 years) 130 8.07 0.39

2 The CDC proposes a cutoff point of 105 g/l during the second trimester. Severe anemia in
pregnancy: Hb levels < 70 g/1; very severe anemia: < 40 g/1.
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The general diagnosis of anemia should lead to a causal analysis. The
necessary interventions and community participation toward the common aim
of controlling iron deficiency and anemia must be the objective (WHO, 1991).
The higher the anemia prevalence rates in a population, the greater the
proportion arising from iron deficiency. There are also many different kinds of
hemoglobinopathies, however; the most frequent is Hb-C, Hb-S and the
thalassemias (alpha and beta; major, intermedia and minor, based on the degree
of anemia they produce). The heterozygous A-S Hb affects up to 30 percent of
some African populations (8 percent in African Americans). This genotype has
essentially no hematological consequences, in contrast with the Hb S-S, which
produces severe hemolytic and thrombotic crises (1 in 400 African Americans)
and requires specialized medical attention. Hb-C produces mild anemia and
affects about 4 percent of African Americans. The S-C Hb condition is
associated with more severe anemia and is easily diagnosed. It affects about 1 in
850 African Americans. These hemoglobinopathies may explain failures of
response to nutritional interventions in individuals, but they should not be a
cause for modifying iron fortification or supplementation programs for
populations at risk.

The thalassemias are a different problem because they produce anemia
brought about by a failure in Hb production and chronic hemolysis. Children
affected by thalassemia major generally have Hb levels below 60 g/l; those with
thalassemia intermedia have Hb levels between 60 and 95 g/, and those with
thalassemia minor have Hb levels between 95 and 135 g/l. The more severe the
anemia, the greater the stimulus to absorb iron and the greater the tendency to
become iron-loaded, particularly because the only therapy customarily available
for thalassemia anemia is repeated transfusions (justified only in thalassemia
major or in special cases of thalassemia intermedia). The thalassemias are
distributed primarily in populations of Mediterranean origin and of tropical or
subtropical African, Middle Eastern, and Asian origin, generally areas where
malaria has been endemic. In populations seriously affected by the thalassemias
the concomitant iron deficiency of dietary and pathological origin (e.g.,
hookworm infection), as well as the risk of iron overload, must be evaluated
and the programs adjusted accordingly (Charoenlarp et al., 1988).

Box 3-1 presents the suggested minimum information needed to make a
tentative diagnosis of iron deficiency, estimate its public health significance,
and plan the most appropriate interventions.

CAUSES OF IRON DEFICIENCY

Iron nutritional status depends on long-term iron balance. It is favored by
the ingestion of sufficient iron in food (native, or added through fortification) in
a bioavailable form or through iron supplementation. Regulation of iron
absorption is crucial in favoring absorption in iron deficiency and in avoiding
iron excess.
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Balance is adversely affected by the amount of iron lost through gut
mucosal turnover and skin desquamation; intestinal excretion; menstruation; the
pregnancy-delivery-lactation cycle; and pathologic blood losses, mainly from

excessive menstrual flow, hookworm and schistosomiasis, gastrointestinal

bleeding from ulcerations, hemorrhoids, diarrhea, and other occult blood losses

(Bothwell et al., 1979).

6.

BOX 3-1 ANEMIA AND IRON DEFICIENCY AS A PROBLEM
OF PUBLIC HEALTH IMPORTANCE: MINIMAL INDICATORS
OF IRON DEFICIENCY (IN ORDER OF DECREASING
RELIABILITY)

Anemia prevalence in the population: Iron deficiency is considered to be
about 2 to 2.5 times the rate of anemia. This estimate applies when
malaria is not endemic in the region and there are no reasons to
suspect widespread hemoglobinopathies.

Category of public health Prevalence of anemia in any at-
significance risk group (%)

High >20

Medium 12.0-19.9

Low 5.0-11.9

2.

Records of anemia in health centers and clinics, as well as among
hospital inpatient and outpatient pregnant women, women of
childbearing age, and children between 6 and 36 months of age. If a
categorizationof severity is needed, the above-indicated prevalences
would hold for these groups. For preschool-age children, schoolchildren,
adolescents, and adult men, prevalences of 12 percent would be
consideredof "high public health significance."Any prevalenceabove 6
percent should be considered of public health significance in these
groups.

Informed opinion of physicians or health personnel on the frequency of
anemia (by measurement of Hb or Hct) or the presence of pale
individuals (severe anemia), ideally individuals that have proved
responsive to iron treatment.

A hemoglobin determination in 100-200 pregnant women at any time
during the third trimester. Enroll clinics, hospitals, and traditional birth
attendants. Use CDC cutoff values corrected for altitude.

Rapid survey of clinical paleness in vulnerable groups. Valid only if
found in >5 percent of such groups. Negative surveys cannot rule out
anemia as a problem.

Proxies:

* Hookworm infection is endemic.

» Vegetarian diets are followed by choice or because of food availability.

* Multiple pregnancies and teenage pregnancies.

e Data from neighboring areas or from areas of similar human and
geoecological characteristics in the country or region.
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In a healthy steady state, iron losses are fairly constant and iron balance
depends mainly on the regulation of iron absorption: upward in iron deficiency
and downward in iron sufficiency. The greater capacity to absorb iron in iron-
deficiency situations is the most important short-term factor in the body's effort
to maintain iron homeostasis. The amount of bioavailable iron in food is very
important in the long term (Cook, 1990; Hulten et al., 1995).

There are no effective mechanisms for excreting the excess iron.
Parenterally administered iron, including repeated blood transfusions,
chronically excessive medicinal iron intake, or elevated iron absorption caused
by impaired downward regulation of iron absorption (people homozygous for
the hemochromatosis gene, some types of thalassemia, and hemosiderosis trait
in some Black populations) lead to excess iron accumulation.

Food iron is present in most diets in a proportion of 6 mg/1,000 calories
and is composed of two different pools: heme and nonheme iron (Hallberg and
Bjorn-Rassmussen, 1972; Layrisse et al., 1969).

The heme iron pool includes all food compounds that have iron as part of
heme molecules. Dietary heme iron is provided by animal blood, flesh, and
viscera; the most important is hemoglobin in blood and myoglobin in muscle. In
general, heme iron absorption is not modified by most inhibitors and enhancers
of iron absorption. Exceptions are dietary protein, which increases heme iron
absorption, and food calcium and manganese, which inhibit it. It must be clearly
understood that these interactions occur while digestion and absorption of iron
are taking place (within 2 hours of meal ingestion), and that only partial
inhibition is produced by dairy products and other calcium-rich foods consumed
in a varied meal, reducing iron absorption by 30 percent, at most (Gleerup et al.,
1995; Hallberg et al., 1993). At the same time, heme iron absorption is also
regulated upward and downward, but to a lesser extent than absorption of
nonheme iron. In normal individuals, heme iron absorption fluctuates between
15 and 30 percent, but can increase up to about 50 percent in iron-deficient
anemic subjects and can decrease to about 5-8 percent when the amount of
heme iron is around 50 mg (Cook, 1990; Layrisse et al., 1973; Viteri et al.,
1978).

The nonheme iron pool is made up of all other sources of iron. Nonheme
iron is often bound in seeds, to phytic acid, and in other vegetable tissues to
phenolic compounds. Nonheme iron is also present in heme-iron-containing and
other animal tissues and in animal products such as milk and eggs. In contrast
with heme iron, nonheme iron absorption is affected by many dietary
components. Heme-iron-containing proteins and ascorbic, malic, tartaric, and
succinic acids and some fermentation products are enhancers of nonheme iron
uptake. Meat and alcohol also enhance nonheme iron absorption by promoting
gastric acid production. Inhibitors include phytic acid and other polyphosphates,
fibers, calcium, manganese, polyphenols such as tannins, and other compounds
present in foods and beverages, especially tea, coffee, chocolate, and herbal
infusions that produce polymers and insoluble, unabsorbable iron chelates.
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Nonheme iron constitutes over 90-95 percent of dietary iron, particularly
in the developing world. The absorption of nonheme iron can vary from 1 to 30
percent or more, depending on the presence of enhancers or inhibitors of
absorption, and especially on the iron status of the individual (Bothwell et al.,
1979; Cook, 1990; Layrisse et al., 1969). The latter is the most important factor
in controlling iron absorption. In general, with meals of intermediate and high
bioavailability, iron absorption can be as high as 5 mg of iron daily in iron
deficiency. This is reduced to about 2-3 mg/day when diets are of poor
bioavailability. As iron reserves increase, iron absorption decreases. When
serum ferritin reaches 50-60 pg/l, equivalent to about 500 mg of iron reserves,
iron absorption from daily meals of intermediate and high iron bioavailability
allows the absorption of only about 1 mg of food iron/day, which is equivalent
to the replacement of average obligatory losses, not including menstruation
(Hulten et al., 1995). There is no published information of this kind for daily
meals with poor bioavailability, but extrapolations suggest that this amount of
iron would be absorbed with iron reserves of only about 140 mg.

Cook (1990) has also summarized the importance of iron nutritional status
on heme and nonheme iron absorption in a single meal containing both kinds of
iron (see Table 3-2). The percentage of heme and nonheme iron absorbed
increased by a multiple of 2.4 to 8.4 among iron-deficient, compared with
normal, men. If the meal contained only nonheme iron, the percentage of
absorption would be reduced to one-half that presented in Table 3-2.

Several important conclusions can be derived from the above:

* Dietary composition appears to be particularly important when iron
reserves are low or in the presence of iron deficiency.

* Downward regulation of iron absorption is very effective, even when the
diet is rich in heme iron and of a composition that favors iron
absorption. Therefore, the development of iron-overload conditions
from dietary iron intake in normal individuals is highly improbable.

* Poor-quality diets would not satisfy the iron needs of a large percentage
of menstruating women and would not allow the accumulation of iron
reserves beyond about 150 mg, which is below the ideal for women
entering pregnancy.

TABLE 3-2 Percentage of Iron Absorption

Source of Iron Normal Men Normal Women Iron-Deficient Subjects
Heme 20 31 47
Nonheme 2.5 7.5 21

SOURCE: Cook, 1990.
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For simplicity, diets have been classified as of high, intermediate, and low
bioavailability, depending on the proportion of heme iron and the presence of
inhibitors and enhancers of nonheme iron absorption. Their respective
bioavailabilities have been averaged at 15, 10, and 5 percent, respectively. A
woman of childbearing age with requirements of absorbed iron at the median of
1.25 mg/day, and consuming a diet of poor bioavailability, would need to ingest
25 mg of iron in order to achieve adequate intake. This would mean that she
would have to ingest 4,170 calories daily of an average diet containing 6 mg of
iron/1,000 cal compared with an average energy intake of 2,100 cal/day by this
population. If the diet is of intermediate (10 percent) bioavailability, only 50
percent of women would be able to maintain a normal iron status and about 20
percent would develop anemia. Only a very small proportion would be able to
build adequate iron reserves for pregnancy. The majority of these women would
rapidly develop iron deficiency and gestational anemia during pregnancy.

Most of the iron compounds used for the fortification of foods become part
of the nonheme dietary iron pool, and their absorption is similar to that of the
other components of the pool and subject to inhibitors and enhancers (Bothwell
et al., 1979). Exceptions to this rule are soluble iron chelates, which are 2 to 5
times more efficiently absorbed than the dietary nonheme iron pool in the
presence of inhibitors, and purified bovine Hb, which becomes part of the heme-
iron pool when used as a fortificant. The bioavailability of soil iron, which
contaminates many staples and vegetables, is largely unknown, although it is
generally considered low.

The absorption of iron compounds administered as 30—-120 mg boluses for
supplementation or therapeutic purposes presents a different picture. When
given without food, absorption declines logarithmically with logarithmic dose
increments, but it remains at about 6 to 8 percent, even after apparent repletion
of iron stores, possibly because of mass action (Bothwell et al., 1979; Grebe et
al., 1975; Hallberg and Solvell, 1967; Viteri et al., 1978). Svanberg (1975),
however, found only 2 percent absorption of supplemental iron in late
pregnancy. This steady absorption from large doses of iron explains why, in mg
of iron absorbed, higher iron intakes allow higher, but less efficient, iron
absorption.

Animal studies have demonstrated that iron absorption is particularly
inefficient when supplemental or therapeutic iron is administered at short
intervals (several times a day, daily, or even every 2 or 3 days). This "mucosal
block" to iron absorption caused by repeated iron administration has been well
documented in several animal species (Fairweather-Tait et al., 1985; Hahn et
al., 1943; Stewart et al., 1950; Viteri et al., 1995a; Wright and Southon, 1990).

In humans, the absorption data are not as clear, but they suggest that for
less than 1 week of daily iron supplementation, or even with 2 to 4 daily doses,
the blockage is minor, if it operates at all, among nonanemic and normal or
mildly iron-deficient subjects (Cook and Reddy, 1995; Hoglund, 1969; Norrby,
1974,
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O'Neil-Cutting and Crosby, 1987; Reizenstein et al., 1975;. Rush et al., 1966;
Smith and Pannacciulli, 1958; Solomons, 1995). Iron blockage in the human
under different iron nutritional conditions has not been fully explored. In a
detailed study by Hallberg (1970), the absorption efficiency of administering 37
or 74 mg up to 4 times a day was highly variable. On average, iron absorption
was around 8-9 percent.

Finally, in considering iron regulation and metabolism with the aim of
preventing iron deficiency, interactions with other nutrients are important in
their effect on the absorption and utilization of iron. Copper is involved in
oxidoreduction of iron in the process of absorption, transport, storage, and
mobilization; folate and vitamin B12 are involved in nucleic acid synthesis of
all cells and clearly in erythropoiesis, thus modifying iron utilization; vitamins
B6 and B2 are specifically required in the process of heme synthesis; and amino
acids are required for protein synthesis in general, and for hemoglobin synthesis
in particular. Vitamin A is involved in mobilization of iron reserves, in Hb
synthesis, and appears to favor iron absorption in the presence of inhibitors
(Hodges, et al., 1978; Layrisse et al., 1997; Mejia et al., 1979).

Low dietary iron intakes—particularly where much of the iron is in non-
heme form—combined with the increased iron needs of growth or pregnancy,
and even the small chronic iron losses of mildly excessive menstrual flow,
increase the risk of developing iron deficiency and anemia. These risks are
often further exacerbated in developing countries by parasitic infections.
Endemic malaria increases the prevalence and aggravates the severity of
anemia, particularly among young children and pregnant women, and produces
iron sequestration and some iron losses (Brabin, 1992). As with other hemolytic
processes, folate and vitamin B12 requirements are also elevated by malaria
(Fleming, 1990). Hookworm disease is a serious cause of intestinal blood loss
(Layrisse and Roche, 1964; Roche and Layrisse, 1966). Infection with
Schistosomia haematobium causes blood loss in the urine and can result in
intestinal bleeding (Scrimshaw et al., 1968).

IRON EXCESS

Objections to the strategies for the control of iron deficiency have
sometimes been raised by hematologists in developed countries. They cite the
danger of possibly accelerating or inducing iron excess and overload conditions
in some clinical conditions, as well as claims for its involvement in a variety of
cancers and heart disease in their countries (Halliwell et al., 1992; Herbert,
1992; Lauffer, 1992; Stevens et al., 1994). These issues cannot be ignored in
this paper. Nevertheless, in the face of the widespread iron deficiency and
ferropenic anemia in the great majority of populations in the developing world
and in groups at risk for iron deficiency everywhere, this should not be an issue
(ACC/SCN, 1997; Gillespie, 1996) as long as monitoring of interventions is in
place to avoid
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excessive administration of iron in therapeutic and chronic supplementation
programs (a minimal requirement in any nutrition intervention program). Food
iron (including that included in iron-fortified food) poses no threat to these
populations.

The recessive genetic disorder, hemochromatosis, is particularly prevalent
in white populations of European descent, especially those of Celtic origin.
Regions with particular haplotypes have been identified in central Sweden and
in northeast Italy. In the U.S. Caucasian population, the homozygous state is
never less than 0.1 percent and may be as much as 0.5 percent in some
population groups (Lynch, 1995). Hemochromatosis exists at a possible rate of
about 1 percent among African-Americans, but its etiology needs further
clarification (Wurapa et al., 1996). A recent preliminary report by the Centers
for Disease Control and Prevention (CDC) indicates that a prevalence among
Hispanics in San Diego, California, is similar to that seen among non-Hispanic
American whites (CDC, 1996). The consequences of iron excess are mainly
liver cirrhosis and increased liver cancer. Heart failure from myocardial
dysfunction and diabetes brought about by pancreatic disease are suggested rare
consequences, but this remains highly controversial (Lynch, 1995).

The adoption of general iron fortification of foods in the developing world,
where iron deficiency is highly prevalent, has been slowed further by fears of
accelerating iron overload conditions in genetically prone individuals, even
though this is a relatively rare clinical problem. It is not a reason to withhold the
benefits of iron fortification as a public health measure from the overwhelming
majority of the population (Ballott et al., 1989a). This fear has been based on
concern in industrial countries, where iron deficiency is less of a problem.

PREVENTION OF IRON DEFICIENCY IN AT-RISK GROUPS

Control measures for iron deficiency and anemia should not be considered
in isolation, but rather as part of integrated approaches to combat micronutrient
malnutrition and within the general objectives of alleviating critical poverty;
achieving sustainable food security; and improving the economic, health,
overall nutritional, and educational status of the population. This obvious
statement is emphasized to stress that no single approach to dealing with iron
deficiency and anemia will work for all populations and in all settings. The
approach taken in this paper is to evaluate successful interventions for iron from
a lifestyle perspective. Table 3-3 presents a summary of successful
interventions that, based on experience, can be implemented in the short,
medium or long term for different categories of target individuals. The
implementation of medium- and long-term strategies can be accelerated under
favorable circumstances. Once established, process and impact evaluations
should be performed periodically within a defined surveillance system to
determine if there is a need for continuation, modification, or even suspension
of a given strategy.
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Infancy

The first preventive measure against infant iron deficiency is assuring
adequate body iron at birth by avoiding gestational iron deficiency and other
conditions leading to low birthweight and premature delivery (Colomer et al.,
1990; De Benaze et al., 1989; Puolakka et al., 1980; Scholl and Hediger, 1994;
Scholl et al., 1992). The importance of prepregnancy iron nutrition in
preventing gestational iron deficiency has not been sufficiently recognized.

Current intrauterine devices (IUD) increase menstrual flow in many
women (INACG, 1981), but IUDs can be effectively used in combination with
some form of iron supplementation.

Birth spacing and delaying pregnancy beyond the teen years allow the
deposition or recovery of iron reserves after the pubertal growth spurt or a
previous pregnancy (Beard, 1994; Bothwell et al., 1979; INACG, 1981).

A second critical measure for improving the iron stores of the newborn is
delayed ligation of the umbilical cord. Ligation of the umbilical cord after it
stops pulsating (about 30—60 seconds after delivery) increases the infant's blood
volume about 60 ml, providing approximately 34 mg of iron, which equates to
between 25 and 30 percent of the newborn's total circulating iron (Burman,
1969; Lanzkowsky, 1976). These additional 34 mg of iron are equivalent to
what a healthy, exclusively breast-fed baby would absorb in 5 months. In
theory, this delayed ligation will determine whether a 6-month infant is iron
deficient or not.

In the first 4-6 months, breast-feeding is an important contribution to the
maintenance of better iron nutrition in infants. Research has clearly shown that
exclusively breast-fed infants have greater iron stores than infants who are
formula-fed (Saarinen et al., 1977). The amount of iron in human milk is very
small (< 0.6 mg/l), and its bioavailability, once thought to be around 50 percent
(McMillan et al., 1976; Saarinen et al., 1977), has recently been shown to
average 11 percent (Davidsson et al., 1994 a,b). Even though exclusively breast-
fed infants generally enter into iron deficit after about 6 months, their non-
breast-fed counterparts are usually iron deficient sooner. The universal
promotion of exclusive breast-feeding for 4 to 6 months is thus a key element in
maintaining adequate iron nutriture.

Infants beyond about 6 months of age need an additional source of iron
beyond that provided by breast milk. A large body of evidence documents that
iron deficiency and anemia in older infants and young children can be prevented
by appropriate complementary feeding. When breast-feeding is not possible,
iron-fortified milk preparations are needed (Walter et al., 1990, 1993a).

Another alternative after about 6 months of age is preventive iron
supplementation. In this age group, once iron deficiency is present, anemia
develops quickly and therapy with oral iron is needed to rapidly improve the
infant's hematological status and avoid possible permanent developmental
deficits. The
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strategy of iron supplementation for this age group is often neglected by
those who are unaware that the vast majority of infants live in poor households
in the developing world, where the resources for preparing highly bioavailable,
iron-rich foods complementary to breast-feeding or for purchasing iron-fortified
foods are nonexistent. The risk associated with iron deficiency at this age is so
serious that even in the United States, the American Academy of Pediatrics
(1992) and the Institute of Medicine (1993) recommend that supplementary iron
of 1 mg/kg/day should be provided to infants, and that the dose should be
doubled for preterm infants, not to exceed 15 mg/day (a total of 105 mg/week).
In preterm infants, supplementation should also start earlier, usually by 2
months of age, but very low birthweight infants should receive supplements as
early as 3 weeks of age, provided that vitamin E intake is adequate (Fomon and
Zlotkin, 1992).

DeMaeyer (in WHO, 1989), the ACC/SCN (1991), the World Bank
(1994), and WHO/UNICEF/UNU (in press) have all emphasized the importance
of making supplements available to infants where they are at risk of iron
deficiency.

Preschool Children (3 to <7 Years of Age)

The rapid growth of the early years exacerbates the need for iron, and
young children are particularly at risk of iron deficiency and anemia. This is
true in both developed and developing countries. A number of studies have
demonstrated that if anemia is mild to moderate and iron supplements are
administered at proper doses, anemia correction can be achieved in a few
months.

Iron therapy is intended to correct anemia quickly and uses high iron
doses, while preventive iron supplementation aims at improving iron nutrition
over a longer period of time and with lower doses and fewer side effects.
Therefore, they differ in purpose, iron dose and frequency, and duration of
intervention (Gillespie, 1996; INACG, in press). Lack of clarity in this
differentiation has led to confusion and has delayed the acceptance of the
prevention of iron deficiency through supplementation administered on a
weekly basis, as discussed below. At present, the only short-term measures
suggested by WHO for the control of iron deficiency are the treatment of those
already anemic and periodic repeated administration of daily iron
supplementation among populations that exhibit high prevalences of anemia,
with the purpose of keeping anemia rates under control (DeMaeyer, 1989).

The alternative of continuous preventive supplementation by a weekly
dose was first explored by Liu et al. (1995a,b), who studied 246 kindergarten
children, ages 3 to 6, in the city of Changji in China. This investigation
compared the effect of daily and weekly iron supplementation on iron nutrition
by studying all of the children, whether or not they were iron deficient or
anemic. In that population, 39 percent of the children were iron deficient (serum
ferritin <20
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pg/l) and 16 percent had very low serum ferritins (<12 pg/l); 37 percent of the
children were anemic (Hb less than 110 g/l). Children were randomly assigned
to 3 months of directly supervised iron supplementation. They were divided
among daily, biweekly, and weekly supplementation, with three age-determined
classroom groups in each regimen (nine classrooms in total). Each iron regimen
provided 6 mg of elemental iron/kg per dose. This is a therapeutic level,
equivalent to 120 mg of elemental iron in an adult (about 10 times the normal
daily requirement). Results indicate that anemic children (Hb < 110 g/l)
responded to all three supplementation regimens with an increase of 10 g Hb/l
or more. There were no anemic children left at the end of any of the
supplementation regimens studied. In addition, 31 percent of the nonanemic
children also increased their Hb levels by at least this amount. Serum ferritin
increased significantly in all three groups. Those most deficient in Hb and
ferritin showed the greatest response, as would be expected. This study
indicated that there was no need to administer more than 6 mg of iron/kg
weekly to correct anemia characterized by Hb levels < 110 g/l and > 80 g/l and
establish adequate iron stores.

The difference in side effects among the three regimens was dramatic.
Among the daily dose group, 35.4 and 39.7 percent of anemics and nonanemics,
respectively, reported some side effects—anorexia, nausea, some vomiting,
diarrhea, constipation, and abdominal discomfort. Among the children receiving
the iron twice weekly, 7.4 percent of anemics and 6.6 percent of nonanemics
reported side effects. Anemic and nonanemic children receiving weekly doses
presented O and 5.7 percent side effects, respectively. The authors conclude that
the amount of iron absorbed by these children from weekly doses of 6 mg/kg
was enough to prevent iron deficiency and to eliminate anemia in the course of
three months. The biweekly and weekly regimens had