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ICCNA PROGRESS REPORT

IRON DEFICIENCY SUPPORT PROGRAM
AID COOPERATIVE AGREEMENT DAN-5115-A-00-7098-00

September 1992 - August 1993

The following report summarizes activities performed under a one year extension of the
AID Cooperative Agreement which covers the period irom September 1, 1992 to August
31, 1993. The objective of this project is to facilitate efforts in developing countries to
assess the prevalence of iron deficiency in different segments of the population and to
develop novel approaches to reduce the prevalence of nutritional iron deficiency anemia.
The program at the International Center for the Control of Nutritional Anemia (ICCNA) is
divided into intramural activities at the Kansas University Medical Center and extramural
activities in various developing countries. The major focus of the intramural program is
to develop and refine methods to assess the prevalence of iron deficiency anemia and
to develop more effective means of adding iron to the diet of populations at increased risk
of nutritional anemia. Because of the reduced level of funding during this no cost
extension of the Iron Deficiency Program, activities have been sharply curtailed during the

past 12 months.
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PUBLICATIONS

Cook JD, Skikne BS, Baynes RD. Serum transferrin receptor. Annu

Rev Med 1993;44:63-74.

A variety of key studies on the measurement and application of
serum transferrin receptor measurements have been published under
support of this program. The present publication is an extended summary
of the serum transferrin receptor covering all biochemical, chemical, and
nutritional aspects of this new iron measurement. This article describes the
precise biochemical composition of the circulating transferrin receptor as a
soluble truncated form of intact receptor. The latter is measured by an
en!zyme-linked immunosorbent assay (ELISA) using monoclonal antibodies
developed against human placental receptor. The review describes the
early clinical experience with this measurement which indicates that it is a
measure of the total body mass of tissue receptor. Elevations in the serum
transferrin receptor level occur whenever there is an expanded erythroid
activity. However, for the epidemiologic assessment of iron nutriture, the
key finding is that the serum transferrin receptor is elevated with normal
erythroid activity because of the increased synthesis of the transferrin
receptor on each red cell precursor in patients with iron deficiency. This
review outlines the evidence that the serum transferrin receptor is the first
iron measurement which permits a distinction between true iron deficiency
anemia and the anemia associated with various chronic disease states.

The evidence is based on clinical studies showing that in 17 patients with
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iron deficiency anemia, the serum receptor was elevated in all but 2
whereas in 15 patients with acute bacterial infection and 5 with acute viral
hepatitis, the serum receptor was invariably within the normal range. More
importantly, in 41 patients with the anemia of chronic disease, only 4 had
a slight elevation in serum receptor level. Complete separation between
patients with iron deficiency anemia and those with the anemia of chronic
disease was possible when the reduction in circulating hemoglobin
concentration was greater than 25 g/L.

This review also outlines the use of the serum transferrin receptor in
the assessment of iron deficiency during gestation. Our studies have
demonstrated that an elevation in serum transferrin receptor during
gestation invariably reflects compro!nised iron status. Consequently, an
elevation in serum receptor was observed only in women with depleted iron
stores as reflected by a serum ferritin concentration below 16 pg/L. In 11
out of 13 women with iron deficiency anemia, as defined by a variety of
laboratory measurements, the serum transferrin receptor was elevated in
all but 2 instances.

This same monograph outlines the important future application of
serum transferrin receptor in monitoring iron status of a population. The
serum ferritin determination reflects iron status in individuals with remaining
iron stores while the serum transferrin provides a quantitative measure of
the degree of tissue iron deficiency. Consequently, our preliminary studies
indicate that the ratio of serum ferritin/serum receptor can be used to
provide a quantitative estimate of body iron in each sampled individual.
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Simmons WK, Cook JD, Bingham KC, Thomas M, Jackson J, Jackson
M, Ahluwalia N, Kahn SG, Patterson AW. Evaluation of a gastric

delivery system for iron supplementation in pregnancy. Am J Clin Nutr

(In press).

The extensive field trial to examine the hematological efficacy of a
gastric delivery system (GDS) in Kingston, Jamaica, that has been
described in prior reports, has now reached the final publication stage.
During the past year, several difficulties were encountered and resolved
before this paper was accepted for publication. The reviewers requested
that the statistical analysis be revised to include a primary analysis using
repeated measures analysis of variance (ANOVA) and repeated measures
analysis of covariance (ANCOVA). This new approach to the statistical
analysis did not substantially alter the basic findings in this study but it did
provide a means of eliminating concern about the baseline diiferences in
hemoglobin concentration in the three study groups.

This study was performed in 376 pregnant women aged 16 to 35
years and between 14 and 22 weeks of gestation. Only those pregnant
women with a hemoglobin concentration between 80 and 110 g/L were
selected for the trial. These women were randomized to one of three study
groups given either no iron, two ferrous sulfate tablets daily (100 mg), or
one GDS capsule (50 mg) daily. There was a highly significant
improvement in hematological and iron status in women given iron whereas
progressive iron deficiency developed in women who were given folic acid
alone.
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Whereas the journal requested and, in fact, insisted on data relating
to compliance in this study, we preferred to reserve this information for a
separate publication. However, in the end, arguments by the editor
prevailed and a brief description of the compliance data was included in this
report. It was mentioned in the methods that the adherence to the
supplementation program was greater than 90% in all three study groups
during the 12 week trial based on tablet counts ard questionnaires. Thus,
there was no significant difference in compliance among the three groups.
While it is still planned to publish this information separately, the study was
not optimally designed to evaluate adherence. By having these women
report at regular intervals throughout the study for repeated questioning,
and because the study was not fully blinded, the compliance data is of

questionable value.

Singhal A, Cook JD, Skikne BS, Thomas P, Serjeant B, Serjeant G.
The clinical significance of serum transferrin receptor levels in Sickle

Cell disease. Br J Haematol 1993;84:301-304.

As we approach wider application of the serum transferrin
measurements in epidemiological studies, the extent to which this new
measurement is influenced by hematological disorders which occur
frequently enough to be detected in epidemiological surveys requires further
study. One such genetic disorder which occurs with significant frequency
in African populations is sickle cell (SS) disease. The present study was
performed as part of a collaborative effort between ICCNA and the Medical
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Research Council Laboratories at the University of the West Indies in
Kingston, Jamaica headed by Dr. Graham Serjeant. Serum transfernn
receptor levels were measured in 182 children with homozygous SS, 47
with sickle cell hemoglobin-C (SC) disease, and 41 normal controls. A
novel aspect of this study is that all measurements were obtained when
these children reached their eighth birthday. As anticipated, highly
significant elevations in serum transferrin receptor were seen in SS as
compared to normal controls. A less dramatic increase was seen in
children with SC but the elevation was significant as compared to controls.
Interestingly, the serum transferrin receptor level in male children with SS
and SC was higher than in females in contrast to studies in normal
populations in which male teenagers have been shown to have higher
levels than females. There was a significant correlation with serum
transfernin receptor and the reticulocyte count providing evidence that the
elevation in serum transferrin receptor levels in SS relates to the expanded
erythroid activity. This study therefore defines one mechanism for an
elevated serum transferrin receptor level that may be seen in epidemiologic |
surveys and that is not the result of iron deficiency. Another important
potential cause of an elevated serum transferrin receptor level in
epidemiologic studies is the anticipated increase in patients with malaria
because of the accelerated red cell destruction and parallel increase in red
cell production. Studies are needed to study the effect of active and/or

latent malarial infectiori on serum transferrin receptor levels.
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Cook JD, Skikne BS, Baynes RD. Iron deficiency: The global

perspective. In: Hershko C, ed. Progress in lron Research New

York:Plenum Press, Co., 1993 (In press).

This review outlines the global problem of iron deficiency anemia and
includes sections on the liabilities of iron deficiency (mental and motor
development, work capacity, and premature birth), the prevalence of iron
deficiency with emphasis on newer methods to assess prevalence, and
finally, intervention methods covering the topics of iron supplementation and
iron fortification. The novel feature of this review is that it will be the first
article on iron deficiency that will be included in a monograph that has
previously dealt only with problems of iron overload, namely idiopathic or
hereditary hemochromatosis. The present article outlines the high
prevalence of iron deficiency anemia in the world and emphasizes the
important contribution that the serum transferrin receptor assay will make
in future epidemiological studies. To reconcile the efforts of investigators
concerned with iron overload to remove all forms of fortification iron from
the diet, this repoit discusses the concept of targeted fortification in which
food vehicles fortified with iron are directed only to segments of the
population at greatest need of iron such as infants, school children, and
pregnant women. The review also describes the use of NaFeEDTA as an

iron fortificant.
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Baynes RD, Shih YJ, Cook JD. Mechanism of production of the serum

transferrin receptor. In: Hershko C, ed. Progress in Iron Research New

York:Plenum Press, Co., 1993 (In press).

This monograph summarizes a series of studies in this laboratory
over the past two years that have been performed in an attempt to develop
simplified and less expensive methods for obtafning immunologic reagents
for the measurement of serum transferrin receptor. Currently, our assays
use monoclonal antibodies which involve technology that is not feasible for
the maijority of laboratories in developing countries. An alternate approach
for the production of immunologic reagents is the use of domain specific
anti-peptide antibodies. In this report, the use of polyclonal antibodies
against peptide sequences in the endodomain and ectodomain of the intact
transferrin receptor is reported. The use of these two sequence locations,
in tandem provides a means of distinguishing the soluble truncated form of
serum transferrin receptor in serum from circulating intact receptor that may
appear in certain hemolytic states such as SS disease or patients with
malarial infection. Although much of this report is technical and at a stage
that is not immediately applicable to epidemiologic work, it does open the
door for an avenue of investigation which couid greatly reduce the cost and
complexity of producing immunologic reagents for iron-related proteins such

as ferritin and serum transferrin receptor.
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Trowbridge FL, Harris SS, Cook J, Dunn JT, Florentino RF, Kodyat BA,
Mannar MGV, Reddy V, Tontisirin K, Underwood BA, Yip R.
Coordinated strategies for controlling micronutrient malnutrition: A
technical workshop. J Nutr 1993;123:775-787.

This monograph summarizes the outcome of a workshop held in
November, 1991 to describe the potential for coordinating strategies for
controlling malnutrition due to iodine, iron, and vitamin A either by
coordinating epidemiologic surveys or developing multiple fortification
systems for specific food vehicles such as salt, rice, or sugar. This
monograph includes recommendations for the formation of n-zional
coordinating bodies for micronutrient deficiency control and an expanded
international network that would provide efficient and rapid exchange of

information related to micronutrient deficiency.

Cook JD. The effect of endurance training on iron metabolism. Sem
Hematol (In press).

The influence of iron deficiency on work capacity has been the topic
of extended discussion during the past decade and has provided much of
the momentum for attempting to reduce the global prevalence of iron
deficiency anemia. In the present monograph, the effect of more intensive
work activity, namely that involved with endurance training, is described.
This is a topic that is a matter of current interest in industrialized countries
and has been the subject of over 100 publications during the past decade.
This article discusses evidence that intense aerobic training is associated
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with only a modest decrease in body iron reserves due, in part, to the
development of so-called sports anemia. The latter refers to the decline in
hemoglobin concentration which occurs during the early stages of an
intense conditioning program. Review of existing data indicates that the
development of iron deficient erythropoiesis or frank iron deficiency anemia
is uncommon except, perhaps, in adolescent girls who are otherwise highly
susceptible to the development of iron deficiency. Most of the modest
influence of endurance training on iron status can be explained by the
mobilization of storage iron required to accommodate an expansion in
circulating red cell and muscle mass. The explanation for more overt iron
deficiency anemia in a few highly conditioned athletes is probably due to
accelerated blood loss from the gastrointestinal tract. Importantly, few, if
any, studies of the effect of oral iron on athletic performance have shown
a measurable benefit. It is recommended that the widespread use of high
doses of iron supplement in those engaged in aerobic training be curtailed
and that the modest increase in iron requirements by these groups be offset

by the intake of an adequate quantity of dietary heme iron.

PRESENTATIONS

The following presentations and/or meetings were believed to have some impact
on awareness of the problem of nutritional iron deficiency anemia and served as
a format to }convey the findings of recent studies at ICCNA on methods to assess
iron status and approaches for reducing the prevalence of iron deficiency anemia.
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Dr. Manju Reddy traveled to Hyderabad, India to attend an International
Atomic Energy Agency (IAEA) Regional Seminar on Isotopic Tracers in
Human Nutrition Research for the Asia and Pacific region. This activity was
supported by an IAEA coordinated research program (CRP) contract with
ICCNA to promote studies of bioavailability of iron from human diets. The
technical sessions were held from November 16-20, 1992 at which time Dr.
Reddy summarized the current efforts at ICCNA to standardize radioisotopic
bioavailability measurements in human subjects. After presenting
preliminary studies of iniernational standardization by the provisicn of a
farina-based standardized meal, plans were developed by which ICCNA
would provide samples of **Fe and *°Fe containing known quantities of
isotopes. In addition, supplies of farina will be circulated to participating
laboratories to permit the use of a universal standardized meal. The ability
to obtain closer uniformity of human measurements of iron bioavailability is
perceived to be an important step in expanding the use of these technically

difficult measures of iron bioavailability to the developing world.

Dr. Cook attended a workshop at Nestlé in Vevey, Switzerland from January
8-12, 1993 to review progress of the collaborative studies between ICCNA
and Nestlé. This collaboration is designed to use radioisotopic studies in
human subjects (ICCNA) to evaluate and develop new methods for fortifying
food products. The emphasis in recent studies has been on techniques to
process infant foods so as to reduce their inhibiting effect on iron
absorption. At tiis session, a review of iron absorption studies performed
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in the Fall of 1992 was undertaken and an extended discussion to define
studies to be performed in the Spring of 1993 was held. The emphasis in
the latter period will be on the mechanism of the facilitating effect of animal

tissue on nonheme iron bioavailability.

Dr. Cook traveled to Arusha, Tanzania to participate in the XV Annual
Vitamin A meeting (IVAC). This meeting was held from March 8-12, 1993
and was attended by more than 200 participants. The inclusion of a
session devoted to iodine and iron deficiency represented the first step
towards an evolving micronutrient strategy and, in particular, efforts to
associate or link vitamin A deficiency to other micronutrient deficiencies.
This presentation covered information on the global prevalence of iron
deficiency, emphasized current methods for the assessment of nutritional
iron deficiency, and outlined methods for its control. This meeting provided
a very effective format for interchanging information about iron deficiency

with those whose primary interest lies with vitamin A deficiency.

Dr. Cook was invited to attend the Experimenial Biology meeting held from
March 28-April 1, 1993 in New Orleans, to participate in a seminar on
micronutrient deficiency. The purpose was to present a paper on
contemporary scientific issues facing programs to combat iron deficiency.
This symposium entitled "Clinical Nutrition in Developing Countries: Towards
the Application of Contemporary Concepts and Technology" included
representatives from the fields of vitamin A, iodine, and iron deficiency.
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Chaired by Noel Solomons and Michael Latham, topics included clinical
nutrition: practice in the Third World, dietary management of diarrheal
disease, hypovitaminosis A, and iron deficiency. In addition, Dr. Cook co-
chaired a nutritional symposium on iron for the 1993 AIN/ASCN meeting
that included a wide range of topics relating to both iron deficiency andiron

excess.

Dr. Manju Reddy attended the Experimental Biology meeting in New
Orleans and presented a paper entitled "Absorption of Nonheme Iron in
Ascorbic Acid Deficient Rats". This paper represented efforts over the last
two years to develop a more suitable animal model for assessing the
bioavailability of iron in human subjects. Because iron absorption in the rat
in higher and less responsive to factors known to influence the absorption
of dietary iron in humans, it was believed that a high endogenous secretion
of ascorbic acid could explain the profound differences in iron assimilation
in the two species. By obtaining a mutant rat strain unable to synthesize
vitamin C, it was possible to induce severe ascorbic acid deficiency in rats.
However, when radioisotopic measurements of food iron absorption were
performed in these animals, absorption was only slightly reduced and was
no more responsive to factors known to influence absorption in humans

including isolated soy protein, meat, ascorbic acid, tea, and bran.

Drs. Cook, Skikne, and Baynes attended the Fourth International Congress

of Hemochromatosis held in Jerusalem, Israel from April 27-30, 1993 and
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the 11th International Conference on Iron and Iron Proteins, May 2-7, 1993.
While these conferences have traditionally been devoted to problems of iron
excess, efforts prior to, and at the time of, the meeting made it possible to
introduce the topic of nutritional iron deficiency to the program. Dr. Cook
presented a paper on the global issues relating to iron deficiency and
stressed that more attention should be focussed on the problem of iron
deficiency and on efforts to reconcile nutritional policies that would
accommodate those concerned with iron excess and iron deficiency. The
members of this conference agreed to change the title of the national
meeting to "Conference on Clinical Disorders in Iron Metabolism”. By this
means, it is hoped that a much broader representation of investigators
concerned with problems in iron metabolism will attend this meeting so that
a meaningful dialogue could be held betweeh those concerned with iron
deficiency and ihose whose primary investigative focus is on problems of
iron overload. The participants agreed with this title change. The next

meeting of this group will be held in 1995 in the United States.

Page 14



FIELD PROGRAMS

1.

Efficacy of Iron Fortification of Wheat

INVESTIGATOR: William Simmons, Ph.D.

LOCATION: Grenada, W.1.

In view of the high prevalence of nutritional iron deficiency that was
demonstrated in Grenada in the early 1980's, it was considered imperative
to introduce some measures to reduce the prevalence of nutritional anemia
which ranged, in prior surveys, from 14% in young men to as high as 74%
in pregnant women. Because only one-hali of the flour consumed in this
country is iron fortified, the impact of fortifying all flour that is sold was
examined. The details of the investigation are outlined in Appendix B-1.
In January of 1993 (January 20-23) a group including Mr. Richard
Siefman, Dr. Patterson, Dr. Simmons, and Dr. Cook met in Grenada to
evaluate the progress on this three year field trial. Meetings were held with
a variety of government representatives who have provided logistical
support for some aspects of this field trial and were generally pleased that
Grenada had been selected as an area for more detailed evaluation of the
nutritional impact of a fortified food. Visits were made to the local hospital
where the samples obtained in the baseline survey to assess the
prevalence of nutritional iron deficiency were obtained and processed.
Overall, the impression of the local personnel is that anemia prevalence,
which had been measured in the survey by the HemoCue® technology, was
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somewhat lower than studies in the 1980's suggested. Some of the
technical problems that were encountered during the conduct of this survey
were discussed as well as the adequacy of the laboratory facilities for

processing storage and transport of the specimens.

An interesting facet of this visit was a trip to a nutmeg factory in a region
where nutritional anemia is believed to be even higher in prevalence than
in Georgetown. During our visit to this facility, an opportunity to assess the
effect of iron deficiency on skilled work performance became apparent.
Women employed in this nutmeg processing facility had the task of sorting,
according to grade, the quality of nutmegs transported to this facility.
Because of the speed and intense concentration required for this activity,
it was considered attractive to examine any difference in the productivity on
this skilled work between normal and iron deficient women. Consequently,
a study was discussed that will involve, initially, the assessment of some
workers in this facility to determine the baseline prevalence of iron

deficiency anemia.

The results of the baseline survey of iron status in Grenada performed in
connection with the wheat fortification trial is still in progress although most
of these samples have now been analyzed at CFNI. Overall, the results
appear to indicate some decline in the prevalence of iron deficiency anemia

although a relatively high proportion of samples are iron deficient based on
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a reduced serum ferritin concentration. The analysis of this important field

trial is now underway.

Adherence to Iron Supplementation During Pregnancy

INVESTIGATOR: Eva-Charlotte Ekstrém

LOCATION: Dar es Salaam, Tanzania

In this imporiant field trial, the compliance rate with iron supplementation in
pregnant women is being evaluated in conjunction with a study to determine
whether compliance is improved by the use of GDS. The details of the
investigation are outlined in Appendix B-2. The advantages of this
preparation are once-a-day administration and reduction in gastrointestinal
side effects. The trial in Tanzania is now concluded and samples are being
transported by Ms. Ekstrém to the United States to perform the various
analyses. In this trial, a total of about 200 women were given either
conventional iron or the GDS preparation and compliance was monitored
by a medication event monitor system (MEMS). The latter consisted of a
microprocessor contained in a pili bottle cap that registers the time and date
that each pill bottle is opened. A variety of technical problems were
encountered with this new technology. The women broke several of the
bottle caps and some became aware that their tablet use was being
monitored electronically. Although the results have not yet been evaluated
statistically, the impression is that there is a remarkably high rate of non-
adherence to supplementation. There was also a significant improvement
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in compliance rates in those given GDS and this was translated into an
improved hematologic status. Although ICCNA had planned to perform the
ferritin determinations in conjunction with this field trial, closing of funding

will not permit this activity.

Serum Transferrin Receptor Measurements as an Index of Iron Status in

Infants and Children

INVESTIGATOR: Tomas Walter, M.D.

LOCATION: Santiago, Chile

This extensive assessment of the utility of transferrin receptor
measurements in infants and children has now concluded and preliminary
manuscripts relating the results of this finding are being circulated. One
important finding has been that the serum transferrin receptor, as in adults,
is capable of distinguishing infants with true iron deficiency anemia from
those with the anemia due to chronic infection. In one study, it was
observed that following immunization and the associated inflammatory
response, the serum ferritin was significantly influenced but little or no effect
on serum transferrin receptor was observed. A large variety of iron-related
measurements were performed in infants and school-aged children to
examine the possible advantage of using serum transferrin receptor to
evaluate iron status. The serum receptor levels in infants were surprisingly
high as compared to measurements in adult subjects, suggesting that the
effect of erythropoiesis per unit body weight is exaggerated during infancy.
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This indicates that new criteria of normality need to be established in
infancy for this new parameter as has been a requirement for most other

measurements of iron status during infancy.

An important finding in this study is the fact that when iron status is
expressed as the ratio of serum ferritin/serum transferrin receptor, a log
normal distribution is obtained which is remarkably similar in all age groups.
This provides additional evidence that iron status in a given population
cannot be divided into normal and deficient groups but rather iron status is
a continuum and is best expressed by the mean and standard deviation of

the ferritin/receptor ratio. This analysis is still in progress.

Gastric Delivery System Iron Trial

INVESTIGATOR: Dr. Poedji Rochjati

LOCATION: Surabaya, Indonesia

This project, supported by MotherCare, is designed to assess the possible
advantages of the GDS for iron supplementation of pregnant women. The
rationale for this study is outlined in prior reports and in the appendix of the

present report where the final project is summarized B-3a.

There are two trials in this program (Appendix B-3b). The first was
conducted in pregnant women who were randomized to a group given 1
GDS capsule a day (50 mg iron) for 20 days during the last trimester of
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pregnancy and a second group given standard ferrous sulfate (60 mg iron
daily). As compared to the study recently concluded in Jamaica, the total
amount of iron consumed in the two study groups in Indonesia is similar.
Hemoglobin, ferritin, and serum transferrin measurements will be performed
in blood samples obtained at monthly visits. The second trial will be
performed in anemic, non-pregnant women, and is basically a trial of
gastrointestinal side effects. In the first group, GDS iron is given for three
months, in the second, ferrous sulfate for the same period of time, while the

third receives a placebo.

Several problems have arisen in the field with this project. First, and most
important, is a long delay in the conduct of the trial. It was initially believed
that the first batch of samples from Indonesia would be received at ICCNA
in December, 1992, whereas the first samples arrived six months later. In
these preliminary measurements, it was noted that the serum transferrin
receptor was far lower than in normal adults living in the United States and
lower than in other samples that have been obtained during the last two
years from developing countries. In an attempt to define the nature of this
problem, Carol Flowers, from ICCNA, traveled to Surabaya for 10 days in
July, 1993. It was learned that there were several difficulties during the
conduct of the trial. First, because tubes were not available for both
sampling and storage, the blood sample was initially placed in an
unsterilized centrifuge tube prior to harvesting of the plasma. These tubes
were not washed each day but simply rinsed under the tap until used for
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the next sample. Consequently, the blood samples were not obtained
under sterile conditions and were highly susceptible to bacterial growth
during any period of storage at room temperature. The tubes were labelled
with paper grade labels and a soluble marker. Consequently, a large
proportion of the samples that were frozen and subsequently forwarded to
Kansas did not have adequate identification. There were at least two, if
not more, points when the samples were exposed to room temperature
during the time that the samples were obtained and their receipt at ICCNA.
One of these occurred in Indonesia due to a power failure over a weekend.
The second was in transit to Kansas City. It is suspected that the markedly
reduced levels of serum transferrin receptor in the samples received in the
first batch of specimens was due to bacterial contamination of the sample.
However, in rinsing the specimen tubes with water, exposure from minerals
that interfere with the enzyme-linked assay is also a possibility. These
problems have been outlined in a separate report by Carol Flowers
(Appendix B-3c). It is hoped to complete the serum ferritin and serum
transferrin receptor measurements performed on the remaining 1400
samples that were transported from Surabaya to Kansas City in the last

week of July.
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Joint Micronutrient Mission

LOCATION: Manila, Philippines

An extended effort has been made over the past six months to conduct a
joint mission to a developing country in which the three micronutrients
(vitamin A, iodine, and iron) are assessed simultaneously by a team
approach. Several preliminary planning sessions for this mission have been
held at the Nutrition Foundation in Washington, DC. These meetings were
held to determine the commonality in micronutrients for such a visit, to
select a country, and to define the priorities during such a visit. One of the
earlier meetings was held October 21-22, 1992 and follow-up meetings
were held in January, 1993 and again approximately six weeks prior to the

visit to the Philippines (June 13-28, 1993).

The purpose of the Joint Micronutrient Mission (JMM) was to assess the
problem of micronutrient malnutrition in the Philippines, to review existing
information on prevalence and active and planned intervention programs,
and to identify the areas for future coordination of programs to reduce the
prevalence of micronutrient malnutrition whether by supplementation,
fortification, or dietary modification. The primary goal of the mission was to
evaluate the effectiveness of such a field evaluation by a team comprised
of experts in each of the three micronutrients. Documents describing the

iron-related aspects of the JMM are included in Appendix B-4a and b. A
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merged overview and summary of the site visit is currently being drafted at

AID Washington.

With regard to the iron component of the JMM, there were several key
findings that were outlined in the executive summary (Appendix B-4a). One
of the key findings in regard to the prevalence of iron deficiency anemia in
the Philippines is that studies have been limited to measurements of
hemoglobin concentration. There is little or no information on the extent to
which malarial infection contributes to the prevalence of anemia although
it is known that this is a significant problem in the Philippines. It is clear
that additional information is needed to determine the appropriate
hemoglobin cut-off levels for anemia in the Filipino population and whether
WHOQ crnteria, that havé been derived from studies in industrialized
countries, can be applied to this population. There is little evidence that
iron supplementation of pregnant women, which has existed for at least two
decades, has had any impact on prevalence. Although several fortification
efforts are planned for the Philippines including fortified vitamin rice (FVR)
as described in the appendix, all of these efforts are in a preliminary stage

of development.

Overall, the JMM approach was instructive, if not tedious, and has the
important advantage of increasing advocacy within a country to a greater
extent than could be achieved by visiting teams concerned only with a
single micronutrient deficiency. At the same time, complete integration of
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V.

the evaluation of all three micronutrients does not provide for the most
effective use of time. Efforts to coordinate the three micronutrients should
be limited to an initial period, at the outset of the visit, and again at the end.
For the large intervening period, it would be more effective and efficient to

examine the micronutrient problems in isolation.

INTRAMURAL PROGRAM

1.

Assessment of Iron Status

The major focus of the laboratory program at ICCNA has been to better
define the utility of serum transferrin receptor measurements in the
epidemiological assessment of iron status. Much of the effort in this area
during the past year has been focussed on completion of the work on a
fiter paper or "blood spot" technique for assessing iron status. |Initial
studies showed that this technology for measuring hemoglobin offered no
significant advantage and, in fact, gave results that were highly variable.
Given the advent of the HemoCuge® system which provides a highly reliable
index of hemoglobin concentration at the time of sampling, the rationale for

using blood spot measurements for hemoglobin is questioned.

Work on the paper method has continued on samples obtained from
volunteers coming to the ICCNA laboratory. Determinations were
performed on over 70 blood samples to determine the concentration of
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ferritin and transferrin receptor in various fractions of blood. Measurements
of these two iron determinants were performed on serum, whole blood
before and following lysis of the sample, and washed isolated red cells. In
addition, measurements were performed on whole blood and on serum
placed on a filter paper that was then allowed to dry. These studies have
shown that there is a large contribution to whole blood ferritin levels from
the red cell compartment. Moreover, because the red cell ferritin increases
with iron deficiency whereas the serum ferritin declires, the changes in
ferritin with iron status are masked when whole blood measurements are

performed.

During the past six months we have made an effort to further explore the
use of the blood spot technology by drawing samples at the time of the
Grenada baseline sample. In nearly 200 sampled individuals, blood was
obtained for serum measurements of ferritin and transferrin receptor. Atthe
same time, measured volumes of serum and whole blood were placed on
a filter paper and stored under frozen conditions for later measurements at
ICCNA. These measurements are just now being completed in the
laboratory, a total of 6 measurements in over 150 patients: serum ferritin
and serum transferrin receptor, paper serum ferritin and serum transferrin
receptor, and paper whole blood ferritin and whole blood transferrin
receptor. Analysis of these results is not yet available but they generally
agree with the findings obtained with prior measurements at ICCNA,
discussed above. However, there was a somewhat reduced recovery of
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serum ferritin from the filter paper as compared to measurements at ICCNA,
presumably related to the longer period of storage. Thus, serum ferritin
determined by paper spot were about 30% less than the values obtained
in serum. Even lower recovery rates from filter paper were observed for
serum receptor measurements but, in these measurements, an additional
problem of lower serum transferrin receptor measurements were observed.
This presumably relates to the prolonged storage at 4°C when these
samples were obtained initially. These preliminary results also indicated
that whole blood ferritin eluted from paper was about 50% higher than the
serum value and that the characteristic decline in ferritin levels in iron
deficiency were masked when whole blood was used. In contrast, whole
blood measurements of serum transferrin receptor gave results that were

very similar to those obtained in serum.

Other activities during the past year in regard to the assessment of iron
status are summarized elsewhere and much of this work is still in process.
We have performed a large number of analyses in conjunction with the
assessment of serum transferrin measurements in infants (Chile project).
Unfortunately, our funding will close before there is an opportunity to
perform the measurements in the Tanzania field study of iron
supplementation. There will not be an opportunity to complete the field trial
in Grenada to assess the effect of introducing fortified counter flour. In fact,

all ongoing overseas collaborations are now closed.
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Food Iron Availability

Under limited support by Nestlé, we are trying to conclude several studies
of iron bioavailability, the focus of which are to develop more effective food
vehicles for iron fortification of infants. During the past year, several
phytate-free products prepared by Nestlé have been examined by
performing radioisotopic measurements in human volunteer subjects. We
have confirmed prior studies showing that a 2- to 3-fold increase in the
absorption of cereals can be achieved by removal of phytate. In the past
year, however, we have found that when these cereals are reconstituted
with milk rather than water, much of this advantage is lost. We are
attempting to determine whether the inhibiting effect of milk is due to the
calcium content of milk, as recent studies in other laboratories would
suggest. In another series of studies, we are attempting to define the
potential use of in vitro measurements of iron bioavailability as a substitute
for human measurements. In a wide range of complex meals, now totaling
12to 15, we have completed measurements in human subjects of nonheme
iron absorption. We will attempt, in the coming months, to complete in vitro
measurements of the bioavailability of these meals to determine the
adequacy of in vitro measurements as a predictor of food iron absorption
in human subjects. Several other ongoing projects relating to fortification
of food vehicles are still in progress with Nestlé. One important study is the
comparison of iron absorption in infants as measured by stable isotopes
compared with iron absorption in adults as measured by radiocisotopes at
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ICCNA. This series of measurements are still in progress but it is unlikely

that they will be completed because of funding constraints.
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ABSTRACT

The transferrin receptor plays a critical role in iron metabolism by precisely
controlling the low of transferrin iron into body cells. A soluble truncated
form of the receptor can be detected in human serum using sensitive
immunoassays, and the initial clinical experience with this new measure-
ment indicates that it reflects the total body mass of tissue receptor.
Serum receptor levels rise significantly with tissue iron deficiency and the
heightened demand for iron associated with expansion of the erythroid
marrow. The serum receptor provides a quantitative measure of functional
iron deficiency and distinguishes the associated anemia from that of
chronic disease. If iron deficiency is excluded, the serum receptor provides
a quantitative measure of total erythropoiesis that is more sensitive and
less invasive than bone marrow examination currently used to assess
red cell precursor mass. Performed in conjunction with serum ferritin
measurements, the serum receptor will be useful in establishing the true
prevalence of iron deficiency anemia in population studies.

INTRODUCTION

The extracellular transport of iron within the body is accomplished by its
binding to a specific and well-characterized carrier protein, transferrin.
The structural and metal-binding properties of this glycoprotein have been
known for many years, but it is only in the last decade that the mechanism
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for dirccting the flow of transferrin iron to cells in need has been fully
defined. The movement of transferrin iron through the plasma com-
partment is controlled by the number of specilic receptors on the surface
of body cells. The highest concentration of transferrin receptor is in rapidly
dividing cells, hemoglobin-synthesizing tissues, and the placenta. A
reduction in cellular receptor prevents iron-replete tissues from receiving
a harmful excess of iron.

Despite its critical role in regulating cellular iron supply, the transferrin
receptor was of little clinical relevance until a group of investigators in
Japan reported that small amounts of circulating receptor can be detected
in human sera using a sensitive immunologic assay (1). There has since
been a rapid growth in our awareness of the clinical valuc of serum receptor
measurements for assessing iron status and clinical disorders of red cell
production. This clinical experience is the focus of the present review.

CELLULAR TRANSFERRIN RECEPTOR

The physicochemical properties of human transferrin receptor and its role
in cellular iron uptake have been the subject of several reviews (2-4). The
primary structure of transferrin receptor has been deduced from the cloned
gene (5). The receptor is comprised of two identical subunits. cach with a
molecular mass of 95,000 daltons. Each polypeptide subunit contains
a transmembrane segment with 28 amino acid residues, an N-terminal
cytoplasmic domain with 61 residues and a large C-terminal extracellular
domain with 671 amino acids. The subunits are linked by disulfide bonds
adjacent to the cell surface at cysteine 89 and 98. The genes for transferrin
and its receptor are both located on chromosome 3 (6). Synthesis of
transferrin receptor and the iron storage protein ferritin are reciprocally
linked to cellular iron content (7). Untranslated regions of the mRNA for
both proteins contain sequences termed the iron response clement that
interact with a cellular protein sensitive in its affinity to variations in
cytosolic iron. Apart from the posttranscriptional regulation, transferrin
receptor also appears to be transcriptionally regulated, at least in hemo-
globin-synthesizing cells (8). Roughly one third of the total cellular content
of receptor is located on the surface of the cell, and alterations in this
distribution may be a further mechanism for regulating cellular iron uptake
(9).

At physiological pH, the affinity of the transferrin receptor is highest
for diferric transferrin, intermediate for monoferric transferrin, and least
for the iron-free protein. This ensures that surface receptors are pre-
ferentially saturated with transferrin containing the needed iron. The com-
plex is internalized by receptor-mediated endocytosis to form small non-



SERUM TRANSFERRIN RECEPTOR 65

lysosomal vesicular structures termed endosomes. As the pH in these
vesicles falls below 5.5, the aflinity of transferrin is reduced and iron is
transported to the cytosol by an undefined pathway. The apotransferrin
remains bound 1o its receptor until the endosome is recycled to the cell
surlace. where it is released on return to physiological ptl. Less than 10
minutes are required for one complete cycle. Other receptors, including
those for epidermal growth factor and low density lipoprotein, share this
pathway. but unlike transferrin, their ligands are released and degraded
in lysosomes.

CIRCULATING TRANSFERRIN RECEPTOR

The first quantitative measurements of receptor in serum were performed
with a two-site immunoradiometric assay (IRMA) established with the
commercially available monoclonal antibodies. OKTY and B3/25. pro-
duced against cell surface receptor (1. 10). Normal values of 251494
pgditer (mean+1 SD) in 38 healthy males and 256 +99 jg/liter in 54
healthy females were reported. Subsequently, monoclonal antibody
reagents developed against intact placental receptor were employed in an
enzyme-linked immunosorbent assay (ELISA), which gave normal values
nearly 20-fold higher of 5.63 + 1.42 mg/liter in 82 normal male and female
subjects (11). By interchanging the monoclonal antibodics in the two
assays, we showed the disparity to result from a difference in the sensitivity
of the IRMA to free receptor used as standard and the cemplexed receptor
in serum. An ELISA was also developed for the serum receptor using rabbit
polyclonal antisera developed against the placental receptor-transferrin
complex and absorbed with transferrin (12). Normal values of 8279 + 1261
pug/liter whole blood in 56 subjects (12) and 5000 % 1100 pg/liter serum in
165 normal subjects have been reported (13). This polyclonal ELISA was
standardized in relation to transferrin-receptor complex rather than the
free receptor. At least some of the disparity between existing receptor
assays could be climinated by using a common standard.

The physicochemical nature of circulating receptor was recently defined.
It was initially reported that the serum receptor is a dimeric fragment of
intact receptor (10), but Huebers and coworkers later concluded that the
circulating receptor is intact receptor (12). The molecular identity of serum
receptor has now been established by purifying it from human serum using
immunoaffinity chromatography with a monoclonal antibody (14). The
serum receptor exhibits a molecular mass of 85,000 daltons on SDS-PAGE
under both nonreducing and reducing conditions, whereas placental recep-
tor displays values of 190,000 and 95,000 daltons, respectively. Amino-
terminal amino acid sequence analysis revealed that residues 1-19 of the

9
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serum receptor are identical to residues 101-119 of intact receptor, which
indicates that the circulating receptor is a truncated form lacking the
cytoplasmic and transmembrane domains ol intact receptor.

Becausce the coneentration of serum transferrin is a thousand times
higher than the monomeric receptor fragments in serum, the latter must
circulate bound to transferrin. This agrees with evidence that 95+ 3% of
receptor immunoreactivity is removed by precipitating antibodies against
transferrin (12). It must be assumed that the receptor circulates as a
complex of one transferrin and one receptor fragment, corresponding to
a molecular mass of 165,000 daltons. It is unknown whether the affinity
of the fragment, like the intact cellular receptor, varies with the iron
content of transferrin.

The identification of circulating receptor was originally prompted by
in vitro studies with maturing sheep reticulocytes showing that intact
transferrin receptor is released in small vesicles termed exosomes in which
the extracellular domain is positioned externally (15, 16). The relationship
between the soluble fragment in serum and the particulate form of intact
receptor is unclear, but exosomal receptor is not detected with the ELISA
for serum receptor (17). Culture studies with K562 cells in log phase
growth have shown that <30% of receptor is released to the supernatant
as exosomes while the remainder is the same truncated fragment identified
in human serum (17). Using antibodies against peptides in the intracellular
and extracellular domain, we recently demonstrated that over 99% of
serum receptor contains only the extracellular domain (Y. J. Shih et al,
unpublished observations). However, in certain hemolytic states such as
sickle cell anemia and autoimmune hemolytic anemia, up to 4% of the
total circulating receptor is consistent with a particulate form based on
measurement of the solubilized pellet obtained by ultracentrifugation. It
remains to be determined whether serum receptor is derived directly from
cellular receptor or generated before or after the release of exosomal
particles from the cell.

CLINICAL ASSESSMENT OF IRON STATUS

In cell culture studies, a reduction in iron supply from the media is associ-
ated with a sharp increase in transferrin receptor synthesis (18-20). Thus,
it is not surprising that the serum receptor is significantly elevated in
patients with iron deficiency. In the original report, the serum receptor
level was 2.8 times normal in 41 patients with iron deficiency anemia (21),
very similar to the increase of 3.20 times normal reported later in 19
patients(11). A value of 4.1 times normal was reported using the polyclonal
ELISA, the highest value being exceeded only in patients with thalassemia
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(12). Thus. despite differences in the normal mean and range of different
serum receptor assays, the relative increase in iron deficiency anemia
reported by different faboratories is very similar.

The changes in serum receptor during iron deficiency have a different
pattern than the alterations in scrum ferritin. The serum receptor is nearly
identical in normal men and women (11), whereas the serum ferritin shows
a striking sex difference. [ron absorption in iron-replete normal subjects
correlates closely with serum ferritin levels but not with serum receptor
(22). The degree of iron deficiency required to produce an elevation in
serum receptor levels has been established by repeatedly phlebotomizing
normal subjects to induce mild iron deficiency (23). There is a rapid and
proportional fall in serum ferritin during the phase of storage iron
depletion but only a minimal change in serum receptor. With the onset of
tissue iron deficiency. the serum receptor rises in direct proportion to the
induced deficit in functional iron. increasing to a mean of about 10 mg;liter
or roughly two-fold when the tissue iron deficitis 5 mg iron/kg body weight,
the equivalent of one to two units of blood. The enhanced ervthropoiesis
associated with repeated phlebotomies in this study had a minimal effect
on serum receptor levels as compared to the rise associated with iron
deficiency. A comparison of these results with the three- to four-fold
elevation in patients with advanced iron deficiency anemia indicates that
the level of serum transferrin receptor changes in proportion to the degree
of iron deficiency over a wide range. In the phlebotomy study, other iron
status measurements including erythrocyte protoporphyrin, mean red cell
volume, and variation in red cell diameter changed more slowly and less
dramatically than the serum receptor.

The importance of recognizing iron deficiency anemia in pregnant
women has been highlighted by recent studies showing that it is associated
with an increased rate of premature delivery and low birth weight (24. 25).
Most of the existing laboratory measurements to identily iron deficiency
are less reliable in pregnancy. Anemia due to iron deficiency is difficult to
distinguish from the dilutional anemia due to an increase in plasma volume
during the sccond trimester. The serum ferritin falls dramatically as iron
stores of the mother are mobilized and is therefore a less reliable index of
iron deficiency. Red cell measurements such as the mean corpuscular
volume (MCV) or erythrocyte protoporphyrin may change too slowly to
detect iron deficiency that develops during the latter half of pregnancy.

The ability to recognize iron deficiency during pregnancy can be
improved with serum receptor measurements. It was initiallv reported that
immunoreactive receptor begins to rise after 20 weeks of gestation to a
level of about twice normal at the time of delivery (26). The increase
was attributed to the high concentration of transferrin receptor in the
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syncytiotrophoblast of the placenta. In a subsequent study in 176 women
in third trimester pregnancey. the frequency distribution of serum receptor
was nearly identical to that observed in normal controls, although there
was a slight rise in serum receptor from 5.36 + 2.67 mg/liter at 28-32 weeks
to 6.21 +2.14 mg/liter during the last month of pregnancy (27). A high
serum receptor was observed only in women with storage iron depletion
as defined by a serum ferritin concentration of < 16 pg/liter, which indi-
cates that the clevation in serum receptor is due to iron deficiency. While
iron deficiency anemia was relatively uncommon in this sample, 11 of 13
women in whom this diagnosis was based on multiple laboratory criteria
had elevated serum receptor levels. Because the seruin receptor may change
more rapidly than other red cell measurements of iron deficiency, it will
be uselul for detecting iron deficiency in pregnancy and monitoring the
respouse Lo iron therapy.

One of the difficult problems in identifying iron deficiency anemia in a
clinical setting is in distinguishing it from the hypoproliferative anemia that
accompanies infection, inflammation. or malignancy. termed the ancimia of
chronic disease. Most of the available laboratory measurements of iron
status. including the serum iron, red cell size heterogencity, mean cor-
puscular volume, and erythrocyte protoporphyrin, do not distinguish these
common causes of iron-deficient erythropoiesis from true iron deficiency
(28). The distinction can be made if the serum ferritin is reduced, but many
clinical disorders. including liver disecase, infection, and alcohol abuse,
elevate the serum ferritin independently of iron status. Consequently. a
bone marrow examination for stainable iron is often necded to distinguish
iron deficiency from the anemia of chronic disease.

Our initial experience indicates that the serum receptor will be of major
value in separating tese two common causes of anemia (29). In 17 patients
with iron deficiency anemia. the serum receplor was increased to 13.9+4.6
mg/liter and all but two patients had values above the upper normal limit
of 8.5 mg/liter. In 15 patients with acute bacterial infection and 5 with
acute viral hepatitis, the serum receptor was invariably within the normal
range. In 41 patients with the anemia of chronic disease, the serum receptor
averaged 5.65+1.91 mg/liter, nearly identical to the mean of 5.36+0.82
mg/liter in 17 normal individuals. Four of the patients with the anemia of
chronic discase had a slight elevation in serum reccptor but it remained
lower than in all but four patients with iron deficiency anemia. Because
the serum receptor increased with the severity of the anemia in patients
with iron deficiency but not in those with chronic disease, there was
complete separation of the two groups when the reduction in hemoglobin
concentration from normal was greater than 25 g/liter. Only two of ten
patients with chronic liver disease had a minimal elevation in serum recep-
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tor. whereas the serum ferritin was elevated in all. Although this study did
not assess serum receptor in patients with combined iron deficiency and
chronic inflammation. it is likely that the serum receptor will risc only
when iron deficiency is the major component. These studies indicate that
the serum receptor rather than bone marrow examination can be used to
identify iron deficiency anemia.

CLINICAL ASSESSMENT OF ERYTHROPOIESIS

The contribution of different body tissues to the circulating receptor level
has not heen determined in humans, although itis known from ferrokinetic
studies that over two thirds of circulating transferrin iron is dirccted to
developing red cells. This is in reasonable agreement with a deerease of 55
to 60% in serum receptor levels reported in patients with aplastic anemia
(11. 12) and following marrow ablation for a bone marrow transplant (11,
30). Because all body cells contain transferrin receptor, it can be assumed
that roughly one third of circulating receptor reflects production from
nonerythroid tissues. While this limits the use of the serum receptor in the
detection of bone marrow failure, elevated serum receptor levels provide
a valuable measure of enhanced erythropoiesis.

An clevation in serum receptor in patients with hemolytic anemia has
been described in several reports. An average increase of 3-5 times normal
was reported in patients with autoimmune hemolytic anemia (12, 21), and
a similar four-fold rise was noted in patients with hereditary spherocytosis
(12). We have observed a six-fold increase to 18.0 mg/liter in 11 patients
with sickle cell anemia. a finding consistent with their more severe degree
of lifelong hemolysis (11). Even higher elevations have been reported in
patients with ineffective erythropoiesis. In 72 patients with f-thal-
assemia/hemoglobin E disease, the mean circulating receptor was increased
more than eight-fold over normal (12). These workers obtained evidence
that the elevation in circulating receptor is directly proportional to the
increase in erythroid precursor mass by comparison with the erythron
transferrin uptake, a ferrokinetic measure of total erythropoiesis. A high
correlation was observed with the circulating receptor level in 148 patients
who had a wide range of hematological disorders, indicating that the
relative increase in serum receptor can be used as a quantitative measure
of total erythropoiesis.

Because the cellular receptor density is increased in rapidly proliferating
cells, the possibility that serum receptor levels are elevated in hematologic
malignancies independently of erythropoiesis was examined (30). A sig-
nificant two- to three-fold increase was observed in patieats with myelo-
proliferative disorders, whereas no elevation was found in patients with
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chronic granulocytic jeukemia or acute nonlymphocytic leukemia. The
mean value in 12 patients with myelodysplastic syndrome was not sig-
nificantly higher than normal, although scven of these paticnts had an
elevated level. OF the tymphoproliferative disorders, normal values were
observed in most patients with lymphoma. muitiple myeloma, and hairy
cell feukemia. but a significant rise to 14.17 mg/liter in 19 paticnts with
chronic lymphocytic leukemia was observed: levels were clevated in cight
of the 19 patients. Higher levels were observed in patients with more
advanced discase. with splenomegaly. and with higher lymphocyte counts.
Thus. of the various hematologic malignancies, only in patients with
chronic lymphocytic jeukemia is the level increased independently of the
erythroid precursor mass.

One of the more durable classifications of anemia for clinical purposes
is that based on pathophysiology and derived originaily from ferrokinetic
measurements (31, 32). The three major categories are hypoproliferative
in which an appropriate erythroid marrow responsc to anemia has failed
to oceur. maturation disorders characterized by ineffective erythropoiesis,
and hemolytic anemia with enhanced effective red cell production. Because
of the cost and time required to perform ferrokinetic measurements, their
use cannot be justified for routine clinical purposcs. Consequently. the
pathophysiological classification of anemia is based clinically on the reti-
culocyte index as a measure of effective erythropoiesis and erythroid cellu-
larity on bone marrow examination as a measure of total erythropoiesis.
One of the important applications of the serum receptor is to provide a
less invasive and more reliable quantitative guide to total erythropoiesis
than presently obtained by bone marrow examination. Because scrum
receptor is increased in iron deficiency independently of total erythroid
precursor mass, it is useful to alter the classification of ancmia by placing
iron deficiency anemia in a separate category (Table 1). The changes in
serum ferritin, serum receptor, and reticulocyte index provide a clear
distinction between the four major categories of anemia. Iron deficiency
is recognized by a low serum ferritin, an elevated serum receptor, and a
normal reticulocyte index. Hypoproliferative anemia is identified by ¢
reciprocal change in serum ferritin and receptor. Maturation abnormalities
are recognized by a high serum ferritin and serum receptor with a normal
reticulocyte index, while hemolytic disorders are associated with an elev-
ation in all three laboratory indices.

The serum receptor will also be valuable in assessing changes in erythro-
poiesis over time within the same patient and in evaluating erythropoiesis
when conventional assessment by marrow examination is precluded. For
example, in patients with myelofibrosis, a two-fold rise in serum receptor
has been reported, which indicates that this measurement can be used to
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Table 1 Laboratory assessment of anemia

Serum Serum Reticulocyte

ferritin receptor index
Iron deficiency low high normal
Hypoproliferative high* normat normal
Maturation disorders high* high normal
Hemolytic high* high high

* Clevated above patient’s baseline value but may remain below the upper cutoff
level of 300 pgliter.

assess the degree of extramedullary hematopoiesis (12). Furthermore,
when reliable estimates of erythropoiesis cannot be obtained by marrow
examination, as in patients who have received extensive radiation for the
treatment of a malignancy. the serum receptor provides a reliable index.
The serum receptor can also be used to assess the response to recombinant
erythropoietin, especially in patients with chronic renal disease (B. S.
Skikne et al. unpublished observations). Finally, by comparing serum
erythropoietin levels with the serum receptor, it skould be possible to
assess the appropriateness of the erythroid response to a given level of
erythropoictic stimulation in various hematological disorders.

EPIDEMIOLOGICAL ASSESSMENT OF ANEMIA

It is presently estimated that 25% of the world population is anemic (33).
Iron deficiency is believed to be the primary cause of this anemia, but it is
seldom identified in population surveys by specific laboratory testing.
Depending on the particular geographic region, hemoglobinopathies such
as thalassemia, chronic infections such as malaria, and inadequate intake
of dietary protein or folic acid all contribute to the anemia seen in popu-
lation surveys. Because of mounting concern that an excess of body iron
may be harmful, it is also important to obtain precise estimates of the
prevalence of iron deficiency in relatively iron-replete populations and
especially in countries where iron fortification is legally enforced.
Performing measurements of serum ferritin and serum receptor in tan-
dem offers a major advantage in population studies of anemia and iron
status. In healthy subjects, these measurements provide a precise quan-
titative measure of body iron over a broad range of iron status, the
serum ferritin indicating the level of storage iron and the serum receptor
indicating the degree of tissue iron deficiency. It has been shown that the
ferritin/receptor ratio can be used to estimate body iron in each sampled
individual (23). In contrast to existing laboratory iron measurements, most
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of which require a venous blood sample, the serum ferritin and receptor
require only a few microliters of blood that can be readily obtained by
capillary sampling. In field surveys conducted in remote geographic arcas,
a spot of blood or serum can be placed on a filter paper Lo facilitate storage
and transport of specimens (J. D. Cook, unpublished observations). Since
only the immunological reagents differ in these two assays. their laboratory
measurement is eflicient when performed together.

In developing countries, simultaneous measurements of serum ferritin
and receptor provide a means of distinguishing iron deficiency anemia
from other causes of anemia. Microcytic hypochromic anemia due to
thalassemia. which is often confused with iron deficiency, can be recognized
by an clevation in both ferritin and receptor. A normal serum receptor
serves to identify anemia due to chronic infection. The use of these
measurements will also be of advantage in monitoring the impact of
intervention programs to combat iron deliciency. In a recent study to
determine the cflicacy of a new form of iron supplement for pregnant
women in Kingston, Jamaica, the serum receptor proved o be a more
reliable index of hemopoictic response than other iron measurements
including the serum iron, iron-binding capacily, erythrocyte proto-
porphyrin, MCV, or variation in red cell size (W. K. Simmons ct al,
unpublished observations). Combined serum ferritin and serum receptor
measurcments will assist in identifying the cause of the anemia detected in
population survceys.

CONCLUSIONS

The serum transferrin receptor is a soluble truncated form of intact cellular
receptor that can be detected in human serum by sensitive immunological
methods. The serum receptor provides a valuable clinical index of tissue
iron needs. Progressive tissue iron deficiency causes proportional elev-
ation in serum receptor that serves to distinguish true iron deficiency
from the anemia of chronic disease. Progressive expansion of erythroid
precursors causcs a similar elevation that provides a reliable quantitative
measure of total erythropoiesis. The measurement of serum transferrin
receptor is an important new laboratory tool for evaluating the ancmic
patient.
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ABSTRACT

The present investigation was undertaken to assess the efficacy of oral iron
supplementation during pregnancy using a gastric delivery system (GDS). Three
hundred and seventy-six pregnant women between 16-35 years of age and 14-22
weeks gestation were selected if mild anemia was present (hemoglobin concentration
80-110 g/L), The participants were randomized to one of three study groups given
either no iron, two FeSQ, tablets (100 mg iron) daily, or one GDS capsule (50 mg
iron) daily. Blood was obtained initially and after 6 and 12 weeks for measurement of
red blood cell and iron parameters including serum transferrin receptor. There was aA
significant and comparable improvement in hematologic and iron status measurements
in the two groups of women given iron whereas iron deficiency evolved in women
given no iron supplement. We conclude that by eliminating gastrointestinal side
effects and reducing the administration frequency of an iron supplement to once daily,

GDS offers significant advantages for iron supplementation of pregnant women.

Key Words: Iron deficiency; Pregnancy; Iron supplementation
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INTRODUCTION

It is presently estimated that over a billion people in the world are anemic (1) and that
the major cause of this anemia is a deficiency in the supply of dietary iron relative to
the iron needs of a population. The population segment most vulnerable to this
nutritional iron deficiency is pregnant women (2). The global prevalence of nutritional
anemia during pregnancy exceeds 50% and although this figure is much higher iz
Third World countries, no region or society is exempt. Recent studies have
highlighted the significant consequences of iron deficiency anemia during pregnancy.
Mild anemia is associated with an increase in the rate of premature delivery and low
birth weight (3-5) whereas more severe anemia is estimated to account for up to 20%
of maternal deaths during parturition. In light of the dismal success in reducing the
global prevalence of anemia in this highly vuinerable segment of the population, there

is a need to develop novel methods to improve the iron status of pregnant women.

For the past several decades, the provision of oral iron supplements to pregnant
women has been the primary methed to decrease the prevalence of anemia. A
commonly cited reason for the ineffectiveness of iron supplementation in developing
countries is the reluctance of women to adhere to a regimen that is often associated
with gastrointestinal side effects. One way of circumventing this problem is to supply
iron in a slow release form while retaining it in the stomach proximal to the iron
absorbing region of the small intestine, a formulation referred to as a gastric delivery

system (GDS). Recent studies indicate that this preparation not only eliminates the

L\L&
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side effects of oral iron but also resuits in a more efficient assimilation of the nutrient
(6). The present investigation was undertaken to evaluate the hematological efficacy

of GDS in a field setting.
MATERIALS AND METHODS

The primary objective of this trial was to compare the efficacy of the officially
recommended program for iron supplementation of pregnant women in Jamaica with a
regimen employing GDS. Women were recruited from eight matérnal and child-health
(MCH) centers in Kingston, St. Andrews, and Spanish Town, Jamaica, West Indies.
All pregnant women who agreed to participate in the investigation were assigned
randomly to one of three study groups, a no_iron group given one placebo tablet daily,
a FeSQ, group given the recommended program for iron supplementation in Jamaica
consisting of two FeSO, tablets or 100 mg elemental iron daily, and one GDS capsule
or 50 mg elemental iron daily. All participants were given 400 mg folic acid daily.

This study was approved by the Ethics Committee at the University of the West Indies

and conducted by personnel of the Caribbean Food and Nutrition Institute.

The selection criteria for participation in the investigation were a maternal age 16-35
years, gestational age 14-22 weeks, and hemoglobin concentration between 80-110
g/L as determined by the Hemocue system (DeCentech Inc., St. Paul, MN). The

randomization procedure was as follows. Using a random number table, cards
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designating the assignment to one of the three study groups were placed in sealed
envelopes and distributed to one of the eight maternal and child-heaith (MCH) centers.
In women who fulfilled the entry criteria and gave written, informed consent to
participate in the trial, an additional 5 mL of blood was drawn into EDTA for further
hematological and biochemical laboratory measurements. The envelope was then
opened to determine the assigned study group. Women were given 16-18 days
supply of tablets and were requested to return at two week intervals for the duration of
the 12 week trial. It should be noted that this was not a double blind study because
the placebo, FeSO, tablets, and GDS capsules differed in their appearance. However,
the women were not told which of these preparations contained iron. All women were
given a small travel allowance to defray the cost of returning to the prenatal clinic for

their biweekly visit.

At each retum visit during the 12 week trial, a questionnaire was administered to
assess the number of supplements taken and recorded any associated side effects.
The women were requested to return any unused tablets which were then counted to
provide an independent measure of adherence to the supplementation program.
Additional blood samples were obtained at the 6 and 12 week follow-up visit to monitor
the hematological response. If the hemoglobin concentration at the 6 week follow-up
visit fell below 70 g/L, the participant was removed from the study, given full

therapeutic doses of oral iron, and referred to a physician for follow-up medical care.
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At the conclusion of the 12 week trial, all participants were given sufficient iron tablets

to continue iron supplementation until parturition.

Blood samples were processed on the same day that they were obtained for
measurement of zinc protoporphyrin using an Aviv hematofluorometer (Aviv
Biomedical Inc., Lakewood, NJ) and for electronic measurements of hemoglobin
concentration, hematocrit, mean corpuscular volume (MCV), red cell distribution width
(RDW), and white blood count (WBC) using a model Couiter S Plus IV Counter
(Coulter Electronics Inc., Hialeah, FL). Plasma was distributed in small iron-free
plastic vials and stored at -20°C for later measurement of serum iron (7), total iron
binding capacity (TIBC) (8), and enzyme-linked immunosorbent assays established
with monoclonal antibodies for measurement of serum ferritin (3) and serum transferrin
receptor (10) as described previously. The immunoassays were deferred until the
conclusion of the trial to permit measurements on the baseline, 6 week, and 12 week

samples in each individual to be performed in the same assay plate.

All samples were screened for a hemoglobinopathy using established methods (11).
All particinants found to have sickle cell disease or thalassemia were later fejected.
These included all patients with SS, SC (2 subjects), a-chain or B-chain vanants (3
subjects), hemoglobin Lepore (1 subject), and B-thalassemia (6 subjects). Of 363
women who were evaluated at the initial clinic visit, 305 (84%) had a normal (AA)

hemoglobin phenotype, 47 (12.9%) had sickle cell trait (AS), and 11 (3.0%) had
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hemoglobin C trait (AC). Subsequent analysis of hematological and iron
measurements failed to reveal significant differences in women with sickle cell trait or

hemoglobin C trait.

Statistical analyses involved repeated measures analysis of variance (ANOVA).
Serum ferritin values were analyzed after logarithmic transformation (12). Significant
group effects were followed by Scheffe's post-hoc test at 6 and 12 weeks. For
laboratory measurements where the groups differed significantly at baseline, as
determined by one way ANOVA, repeated measures analysis of covariance
(ANCOQOVA) was carried out using the baseline value for the corresponding laboratory
parameter as the covariate (13). Significant group effects were followed by testing the
statistical significance of differences on adjusted means (values adjusted for the

covariate).

RESULTS

The combined total of women initially registered in the trial was 376. Their mean age
was 23 years and was virtually identical in the three study groups (Table 1). In the

baseline sample, 31.9% of the women were below 20 years of age, and 10.4% were
30 years or older. Sixty-nine percent were not employed outside of the home and of
the remainder, 9.7% were employed in domestic work, 8.1% in factory work, 5.9% as

street vendors, and 7.3% in miscellaneous jobs. Fifty-nine percent of the women
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completed primary education and 42% of the sample completed secondary education.
The mean body weight at the time of entry to the study was 61.2 kg and was similar in
the three study groups as was the average parity. The mean gestational age was the
approximate rnid-point of the second trimester and was five days later in the iron
supplemented groups than in the group receiving no iron. None of the sample
charactenistics listed in Table 1 were significant when analyzed by analysis of

vanance.

There was a progressive reduction in all three study groups throughout the 12 week
trial in the number of women who returned for their biweekly clinic visit. Twenty-eight
women (7.5%) did not return for the initial two week follow-up and the initial
participants were reduced to 85.5% at the midpoint of the investigation. Two-hundred
and seventy-five women (73.1%) completed the trial with a relatively even distribution
of the drop-outs among the three study groups ranging from 23% in the no iron group
to 30% in the GDS group. These differences were not statistically significant when
tested by chi-square (p>0.10). In order to permit comparison of the laboratory results
within each subject at the initial, 6 week, and 12 week follow-up visits, a further 27
women were excluded because of incomplete laboratory information on one of these
occasions. The final sample, for which all hematological and biochemical data were
available, was comprised of 86 women in the no iron group, 79 in the FeSQO, group,

and 83 in the GDS group.
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Adherence to the supplementation program exceeded 90% in all study groups during
the 12 week trial as determined by tablet counts and questionnaires. The adherence
rate did not differ significantly among the three study groups. Side effects were
relatively common in the no iron group and included abdominal pain (22%}), heartburn
(16%), nausea (10%), constipation (8%), appetite loss (5%), vomiting (3%), and
diarrhea (2%). The frequency of these side effects did not differ among the three
study groups when tested by X? analysis indicating that they were related more to
pregnancy than iron supplements. The symptoms diminished with time in all three

study groups.

There were significant differences for certain laboratory measurements among the
three study groups at the time of initial registration (Table 2). The hemoglobin
concentration was significantly higher in the no iron group than in the GDS group
(p<0.001) and the difference in hemoglobin concentration between the no iron and
FeSQ, group also approached statistical significance (0.05<p<0.10). Several of the
other iron parameters also indicated that the iron status of the no iron group was
slightly better than the GDS but not the FeSO, group. Thus, the MCV and transferrin
saturation were both significantly higher and the TIBC and serum transferrin receptor
significantly lower in the no iron group as compared with the GDS group. None of the
hematological or biochemical laboratory measurements differed between the two

groups given iron supplements.

LY,
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One way ANOVA at baseline showed that the three groups differed significantly with

respect to all variables examined except RDW and FEP (Table 2). Subsequent
analyses using repeated measures ANOVA for RDW and FEP and repeated measure
ANCOVA for the rest of the laboratory indices showed significant group X time
interaction (p<0.001) for all variables except serum ferritin, serum iron, TIBC, and

transfernn saturation.

The results for all laboratory measurements at 6 and 12 weeks, after adjusting for the
inter-group differences at baseline for all measurements except RDW and FEP, are
presented in Table 3 and 4, respectively. Table 3 clearly shows that the no iron group
had impaired iron status at 6 weeks as compared to the groups receiving either GDS
or FeSQ,, as reflected in significantly lower hemoglobin, MCV, serum iron, transferrin
saturation, and ferritin values and significantly higher TIBC and serum transferrin
receptor. It is noteworthy that none of the iron status measurements differed in the

two groups receiving iron at 6 weeks.

A comparison of the laboratory data at the conclusion of the three month trial showed
a further progression of iron deficiency in women receiving no iron (Table 4). The
adjusted hemoglobin concentration in the no iron group was more than 10 g/L lower
than in the iron-supplemented groups (p<0.001) reflecting a further fall as compared to
the 6 week examination. The unadjusted values for hemoglobin concentration were

very similar to the values adjusted for the initial group differences (Figure 1). A similar
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degree of difference was observed with the majority of the remaining laboratory
parameters including significantly lower values for the MCV, serum ferritin, serum iron,
and transferrin saturation and significantly higher values for the FEP, TIBC, and serum
transferrin receptor (Figure 2). Only the RDW showed no significant differences
between the three treatment groups at 6 and 12 weeks. The two groups receiving
iron were similar at 12 weeks except for serum ferritin (p=0.039), serum iron
(p=0.030), and transferrin saturation (p=0.017) which were higher in the women given

FeSQO,.

DISCUSSION

The measures presently available for reducing the prevalence of iron deficiency
anemia during pregnancy are limited both in number and effectiveness. Improving the
diet with respect to either the total iron content or, more importantly, the bioavailability
of food iron should improve the iron status of a population over time and thereby
influence the iron status of women entering pregnancy. However, the duration of
gestation is too short and the benefit of modifying the diet too limited to have a
meaningful impact on the evolution of iron deficiency anemia during pregnancy. The
provision of a highly fortified food supplement to pregnant women offers more promise
but the inhibiting effect of food on iron absorption remains an important constraint
when attempting to modify iron balance in a limited time period. These considerations

have led to a focus in the past several decades on the provision of a medicinal iron
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supplement to pregnant women as the only reasonable intervention. Even in the US
where the prevalence of gestational iron deficiency is lower than in most regions of the
world, it is recommended that women consume a supplement containing at least 30
mg elemental iron daily separate from meals during the second and third trimesters to

diminish the risk of developing iron deficiency anemia (14).

The efficacy of iron supplementation in pregnancy has been repeatedly demonstrated
in controlled trials both in highly industrialized and lesser developed regions of the
world. At the same time, it is widely believed that when undertaken as a public health
measure, iron supplementation has had little impact on the prevalence of anemia in
pregnant women. Of various reasons that have been cited to explain the marginal
effectiveness of iron supplementation at the population level, limited coverage of
national primary health care systems is considered important in most Third World
countries (15). Problems in the procurement and distribution of iron tablets restrict the
supply to pregnant women and even when tablets are available at MCH centers,
primary care workers often fail to instruct or encourage women to take their

supplement regularly.

The extent to which the major gastrointestinal side effects of medicinal iron such as
nausea. vomiting, and epigastric pain, account for the diminished effectiveness of iron
supplementation in pregnancy is unclear. However, these side effects are a wel!

known obstacle in conducting field trials in which the motivation of those administering
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the supplements is high. When problems in the procurement and distribution of iron
tablets are eliminated, it is highly likely that constraints imposed by the side effects of

oral iron will again emerge as the major difficulty with iron supplementation.

The GDS employed in the present trial has the major advantage that upper
gastrointestinal side effects are eliminated (6). Although délayed release forms of iron
have been provided by pharmaceutical companies for several decades, their
ineffectiveness is well recognized by medical practitioners because the release of iron
in the intestinal tract is delayed until the tablet is beyond the maximal absorbing area
in the proximal small bowel. With the GDS, FeSO, is incorporated into a hydrocolloid
matrix that becomes buoyant on exposure to gastric secretions and is thereby retained
for prolonged periods in the acidic environment of the stomach where iron solubility is
favored. All excipients in the GDS are GRAS (Generally Recognized As Safe)
substances (6) and are presently used in other pharmaceutical preparations in the
United States. Upper gastrointestinal symptoms are eliminated because the iron is
released slowly over a period of hours. Of equal importance is the fact that iron
absorption in this form may be 2- to 4-fold higher than absorption of FeSO, when
given with food, presumably because the GDS retains iron in the stomach until the
bulk of the meal and its absorption inhibitors has emptied. The present trial was
undertaken in part because of this absomtive advantage. We reasoned that because
of the higher absorption of iron in GDS, a single capsule daily containing 50 mg

elemental iron would be equivalent to a standard FeSQO, tablet taken twice daily.
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In the present study, a progressive deterioration in iron status occurred in women who
received no iron supplements as compared to those given iron whereas the response
in the women given FeSO, or GDS was similar at the 6 week and 12 week
examination. When the change in hemoglobin concentration within each subject
between baseline and 12 weeks was compared, a fall in mean hemoglobin of 5.7 +
2.4 g/LL in those given no iron was seen as compared with mean increases of 6.6 +
2.8 and 9.4 £ 2.8 g/L, in women given FeSO, and GDS, respectively (Figure 3). The
changes in serum transferrin receptor within each subject at 12 weeks were similarly
dramatic (Figure 4). The transferrin receptor increased by an average of 3.27 + 0.73
mg/L in the no iron group as compared with slight declines of 0.49 + 0.68 and 0.30 +
0.68 in women given FeSO, and GDS, respectively. The only differences seen
between the supplemented groups were observed at 12 weeks when the serum iron,
transferrin saturation, and serum ferritin showed a modest difference in the direction of
better iron status in those given FeSO,. The differences in serum iron and transferrin
saturation might be explained by the fact that these women were not instructed to omit
their iron supplement on the day of their clinic visit. A prompt elevation in serum iron
occurs following FeSQO, but the rise with GDS occurs more slowly (Skikne et al.,
unpublished observations) which could explain higher serum iron and transferrin
saturation values in the FeSO, group. However, the difference in serum ferritin cannot
be explained on this basis and is consistent with slightly higher iron stores in women

given twice the amount of iron as FeSQ,.
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It remains to be established that GDS can significantly improve the adherence to an
iron supplementation program but there are several reasons to believe that it will. A
single GDS tablet daily is as effective as two FeSQO, tablets and compliance is likely to
be improved by reducing the administration frequency. Another major advantage is
that the troublesome upper gastrointestinal side effects are eliminated with GDS but
persist in a substantial portion of women taking a conventional FeSQ, tablet. The
present investigation was not designed optimally to assess compliance because it was
not possible to obtain the placebo, FeSO, tablets, and GDS in an indistinguishable
form. Even if this had been possible, differences would have existed in the frequency
of tablet administration in the two iron supplemented groups. Cur evaluation of
compliance and side effects do indicate an advantage of the GDS tablets (Simmons et
al., unpublished observations) but there is a need for further field studies performed in

a double blind fashion.

”
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Table 1. Characteristics of study groups at baseline

Sample Size
Baseline

6 weeks (% of baseline)
12 weeks (% of baseline)

Age (years)”
Weight (kg)

Parity

Gestational age (days)

* Meanx1SD

No Iron

121
102 (83)
93 (77)
23.3£5.0
61.1%11.7
1.10+1.24

135£17

FeSO,

123

105 (85)

89 (72)
23.4+4.4
62.3+13.4
1.2041.37

140+22

GDS

132
115 (87)
93 (70)
23.0+4.9
60.4+8.7
1.27+1.41

14118
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Table 2. Laboratory parameters at baseline

Intergroup Comparisons

(p values)

Laboratory Measurement No Iron FeSO, GDS N:F N:G G:F

(N) (F) (G)
N 86 79 83
Hemoglobin (g/)* 105.01+2.0 101.41£2.2 98.91+2.4 0.073  <0.001 ns
MCV (fl) 88.1%1.6 87.0+1.6 85.1+1.9 ns 0.036 ns
RDW (%) 14.010.3 14.01£0.3 14.510.4 ns ns ns
FEP (umol/L RBC) 64.515.3 68.218.0 75.749.3 ns ns ns
Serum ferritin (ug/L)* 13.9 10.7 9.4 ns 0.051 ns

(11.2-17.2) (8.4-13.5) (7.4-11.9)

Serum iron (ng/100 mL) 83.1+7.1 77.518.6 69.617.6 ns 0.051 ns
TIBC (ug/100 mL) 416115 435417 453117 ns 0.006 ns
Saturation (%) 120.842.1 19.0+2.4 16.3+2.1 ns 0.017 ns
Transferrin receptor (mg/L) 7.814£0.83 8.63+0.83 ns 0.028 ns

* Meant2SE
¥ Geometric mean (+2SE)
* Not significant (p>0.05)

7.24+0.54



Table 3. Laboratory parameters at 6 week follow-up

Intergroup Comparisons

(p values)

Laboratory Measurement No Iron FeSO, GDS N:F N:G G:F

(N) (F) (G)
N 86 79 83
Hemoglobin (g/)* 99.1+1.9 105.242.0 104.5+1.9 <0.001 <0.001 ns*
MCV (fi) 86.01+0.8 89.010.8 88.6+0.8 <0.001 <0.001 ns
RDW (%) 13.810.38 15.1+0.8 15.410.8 0.027 0.003 ns
FEP (umol/L RBC) 68.916.5 62.716.1 69.418.9 ns ns ns
Serum ferritin (ug/L)? 7.4 17.0 14.7 <0.001 <0.001 ns

(6.4-11.5) (14.7-19.8) (12.7-17.0)

Serum iron (ug/100 mL) 64.2+8.6 94.318.9 94.118.6 <0.001 <0.001 ns
TIBC (ug/100 mL) 480+12 432412 443112 <0.001 <0.001 ns
Saturation (%) 13.61+2.0 22.31+2.0 22.0£2.0 <0.001 <0.001 ns
Transferrin receptor (mg/L) 9.191+0.44 7.5610.46 7.8610.46 <0.001 <0.001 ns

* Mean12SE
' Geometric mean (+2SE)
* Not significant (p>0.05)



Table 4. Laboratory parameters at 12 week follow-up

Intergroup Comparisons

A

(p values)

Laboratory Measurement No Iron FeSO, GDS N:F N:G G:F

(N) (F) (G)
N 86 79 83
Hemoglobin (g/)* 97.812.3 108.2+2.4 109.61+2.3 <0.001 <0.001 nst
MCV (fl) 83.51+1.0 88.7+1.1 88.511.1 <0.001 <0.001 ns
RDW (%) 14.213.9 14.615.3 15.015.9 ns ns ns
FEP (umol/L RBC) 91.4149.3 64.515.4 74.71£7.2 <0.001  0.007 ns
Serum ferritin (ug/L) 8.2 18.9 14.8 <0.001 <0.001 0.039

- (6.9-9.6) (15.9-22.5) (12.5-17.5)

Serum iron (ug/100 mL) 62.919.3 100.249.6 85.619.3 <0.001 <0.001 0.030
TIBC (ug/100 mL) 502+14 437114 451114 <0.001 <0.001 ns
Saturation (%) 13.412 4 23.6+2.4 19.612.4 <0.001 <0.001 0.017
Transterrin receptor (mg/L) 10.8910.64 7.3810.66 7.8510.64 <0.001 <0.001 ns

* Mean+2SE
T Geometric mean (+2SE)
* Not significant (p>0.05)
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LEGENDS

Mean hemoglobin concentration at baseline, 6 weeks, and 12 week
follow-up in groups receiving no iron (O), 100 mg iron as FeSO, daily (@),

or 50 mgq iron as GDS daily (O). The vertical bars represent +2SE.

Mean serum transferrin receptor concentration at baseline, 6 weeks, and
12 week follow-up in groups receiving no iron (O), 100 mg iron as FeSO,

(@), or 50 mg iron as GDS daily (O). The vertical bars represent +2SE.

Change in hemoglobin concentration within each subject between
baseline and 12 week follow-up in groups receiving no iron, 100 mgq iron

as FeSQ,, or 50 mg iron as GDS daily.

Change in serum transferrin receptor concentration within each subject
between baseline and 12 week follow-up in groups receiving no iron, 100

mg iron as FeSQO,, or 50 mg iron as GDS daily.
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Summary. Serum transferrin receptor (TfR) levels were
measured in 182 children with homozygous sickle cell (8S)
disease. 47 with sickle cell~haemoglobin C (SC) disease and
41 normal (AA) controls on their eighth birthday. Highly
significant elevations occurred in SS compared to SC disease
and in SC disease compared to AA controls. Females had
higher levels than males in controls but lower levels than
males in SS and SC disease. In SS disease, serum TIR levels
tended to rise with age from 2 to 8 years. the change within
individuals correlating with a change in reticulocyte count

ir=0-38. P=0-017) and fall in fetal haemoglobin levels
(r=-=0-31, P=0-004). Serum TR levels did not change
with infection or painful crisis but were markedly elevated in
hypersplenism and fell following splenectomy in these sub-
jects. In the aplastic crisis, serum TfR levels tended to rise
following clinical presentation and then fall. retlecting the
reticulocyte counts. Thesa observations are consistent with
serum TfR levels being a useful indicator of the degree of
erythropoietic expansion in sickle cell disease.

Transferrin receptors (TfRs) control the uptake of circulating
transferrin and iron into cells (Huebers & Finch, 1987). High
concenirations occur on the membrane of cells with high
iron requirements such as red -cell precursors and other
rapidly dividing tissues (Kozlowski et al, 1988). As the cells
mature, transferrin receptors are cleaved {from the cell surface
and are detectable in the serum (Kohgo et al. 1986). Serum
TIR levels. measured by immunoassay. correlate with ferro-
kinetic measures for erythropoiesis (Huebers et al, 1990), are
elevated in iron deficiency anaemia, sickle cell disease and
thalassaemia, and reduced in aplastic anaemia (Kohgo et al,
1987. 1988: Flowers et al, 1989: Huebers ¢t al. 1990). The
present study measured serum TfR levels in normal children,
in patients with steady state homozygous sickle cetl (SS) and
sickle cell-haemoglobin C(SC) disease, and in SS disease with
a variety of complications, to assess the determinants of
serum T{R levels and explore the clinical value of serum TfR
levels as an index of erythropoietic expansion.

PATIENTS AND METHODS
The patients attended the Sickle Cell Clinic at the University of
the West Indies. Kingston, [amaica, and were mostly drawn

Correspondence: Dr Atul Singhal, Medical Research Council Labora-
tories. University of the West [ndles, Kingston 7, Jamaica, W.L
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from a cohort study which has been described previously
(Serjeant et al, 197+: Hayes et al, 1985).

The distribution of serum TfR levels was measured in 270
childreri 141 AA. 182 $S. 47 SC) representing all avaitable
sera taken on the eighth birthday from cohort children and
stored at —70°C. The relationship of serum TIR values to
total haemoglobin (Hb), fetal haemoglobin (HbF), mean cell
volume (MCV). absolute and percentage reticulocyte counts
measured on a simultaneous blood sample was assessed by
correlation coefficient analysis after restricting to steady state
values (routine clinic visits in clinically well subjects not
transfused in the preceding 3 months). The relationship
between serum TR levels and growth was assessed in 28
cohort SS children (14 M, 14 F) with the greatest height
increment and a similar g-oup with the lowest height
increment between 3 and 9 years. Longitudinal trends in this
group were assessed in all stored sera in three age bands (1-3
years, 4-6 years, and 7-9 years).

The influence of painful crisis on serum TfR was assessed
by comparing levels in 30 SS patients(11M. 19 F: median age
17-6 years. range 2-3-43-9 years) during bone pain with
levels in the closest steady state stored serum sample in the
same patient. The effect of gross erythropoietic expansion on
serum TfR was assessed in eight SS patients with hyper-
splenism (Emond et al. 1984) before and after splenectomy.
The effect of erythroid maturation arrest on serum TR was
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Table [. Serum transferrin receptor levels (mg/l) in AA controls. and patients with SS and

SC disease measured at age 8 years.

AA controls $S disease SC disease
Mean Mean Mean
n  {(range) SD n (range) SD n (range) SD
Males 16 59 1-7 100 404 12-8 25 2641 10:1
{1-9-9-2) (12:4-83:9) {2:8—15-60)
Females 25 72 1-8§ 82 359 12-3 22 205 85
(2:9-12-4) (15-9-75-0)) {4:9-37-8)
Total 41 67 1.9 182 383 12:7 47 234 9:7
{1:9~12-44) (12:4-83-9) {2-8—45:h)
All genotype differences were highly signiticant (P <0-001).
100 1
§ — AA
a 801 —e— S5
g —o— S5C
L]
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Fig 1. Distribution of serum T{R levels according to genotype.

assessed by longitudinal observations in seven patients (three
SS. four SC) in aplastic crisis. as previously defined (Goldstein
et al, 1987), and during the recovery phase. [ron deficiency,
defined as a serum transferrin saturation below 15% or a
serum ferritin level <12 ug/l. occurred in 34 SS patients.
The diagnosis of SS and SC disease was based on standard
criteria (Serjeant, 1992). Haematological indices were meas-
ured in a Coulter S plus 4 (Coulter Electronics, Hialeah.
Florida) and fetal haemoglobin by alkali denaturation (Betke
et al, 1959). Serum TIR levels were measured by a sandwich,
enzyme linked, immunoabsorbant assay (Flowers et al. 1989)
in the laboratories of Dr James Cook on frozen serum samples
shipped in dry ice from [amaica. All determinations were
performed in triplicate after dilution of all sera to 1:3000
because of the elevated TfR levels in patients with §S disease.
Since some of the sera were stored at —70°C for up to 10
years, sample age was plotted against TfR level and failed to
show any relationship suggestive of deterioration of samples,

RESULTS

Serum TJR levels and haemoglobin genotype

Serum TIR levels at the age of 8 years were markedly elevated
in SC disease compared to AA controls {P<(0-001) and in 88
disease compared to SC disease (P<0-001) (Table [ Fig 1).
Values were normally distributed and the means were
compared by the unpaired ¢ test using separate variance
estimates when necessary.

Serum TfR levels and sex

Serum TfR levels were higher in females in AA controls
(t== —2-24. P=0-03) and in males with SS disease (t=2-41,
P=0-02)and SC disease {t=2-03, P=0-(048). There was no
significant sex difference in ferritin levels in SS disease
(P=0-86)or AA controls {P =0-41). Ferritin levels were not
available 'n SC disease.

A
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Table 1. Correlation between serum TIR levels and haematological
indices in SS disease.

Reticulocytes
Logy (HbF) Hb MCv (%) Absolute
Males r =032 -0:40 -0-31 015 0412
n 58 66 66 66 66
P 0-02 0-001 g-or 023 0-33

Females r -0-38 -0-27 -013 025 023
51 52 51 51 51
0-006 0-055 03¢ 008 011

wa

2001

1507

levels (mg/L)

1001

501

Serum TIR

0- Presplenectomy Postsplenectomy

Fig 2. Serum TfR levels in eight hypersplenic SS patients before and
after splenectomy.

Serum TfR levels and haematological indices in SS disease
Serum TIR level correlated negatively with HbF in both sexes.
with haemoglobin and MCV in males only {Table II), but not
with reticulocytes (proportional or absolute counts). Serum
TfR levels did not differ between patients with or without iron
deficiency either in males (mean, SD: 39-6, 14-8 v 40-6.
12:2; P=0-74) or females (37-6, 10-4 v 35-6, 12-6;
P=0-63).

Serum TfR levels and age in SS disease

The effect of age was assessed in the 56 SS cohort patients in
the growth subgroup in whom. contrary to the whole
population. serum TIR values were highly skewed and
required transformation (log, serum TR levels). Serum TR
levels were available in all three age bands (1-3, 4-6 and 7-9
years) in 34 subjects who showed higher values in the oldest
compared to the youngest group (paired t-test, P=()-035) but
not compared to the middle group. The age related change in
serum TIR within individuals correlated with a change in
reticulocyte count (Spearman rank correlation: r=0-38.
n=32, P=0-017) and with a fall in HbF levels (r= —0-51.
n=26, P=0-004), but not with changes in other haemato-
logical indlces. Thus subjects with greater rises in serum TfR
tended to manifest larger increases in reticulocyte count and
smaller falls in HbF level.
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Serum TR levels and height velocity

In the growth subgroup of 34 subjects with serum TIR levels
measured at each age. values at 7-9 years were compared in
18 and 16 patients with the greatest and lowest height
velocities between 3 and 9 years. Serum TR levels did not
differ between patients with the greatest (median. [range]:
565, [35:5-90-9]) and the least growth (38-3. [34-5-
114-4], the t-test on the log. transformed data gave
P=0-58).

Vuriability in serum T[R levels

Analysis of between- and within-patient variation was
confined to 34 SS patients with multiple assays (n=109) in
subjects aged 4 years and above, in whom no age related
variation was demonstrable. [n these, intra-individual differ-
ences accounted for 4+79%, and inter-individual differences
339 of the variability in serially measured (log. transformed)
serum TIR values compared to corresponding figures for log.
reticulocyte counts of 86% and 14%. Serum TIR levels in
comparison to reticulocyte counts thus tended to be charac-
teristic for individual patients.

Serum TR levels and clinical complications

Serum TfR levelsin 63 SS patients aged & years with a variety
of inflammatory complications (25 upper respiratory tract
infections, 15 painful crises. seven fever, five skin infections.
and 11 other inflammatory events or infections) did not differ
from levels in 119 age matched steady state SS patients
{mean, SD: 37-7, 13-5v 38:7, 12:4; P=0-61).

During painful crises serum TIR levels in 30 SS patients
(median, {range}; 48-3, [20-8-125-8]) did not differ from
steady state values in the same patients (44-8. [18-0-88-8])
using the Wilcoxon matched pairs test (P=0-78).

Serum TIR levels were markedly elevated in eight patients
with chronic hypersplenism. values in the seven of these
patients aged 7-9 years (median [range}; 110-0. [59:7-
162-6]) tending to be higher than in 34 steady state cohort
SS children of comparable age (57-1.[34-3-114-2]) (Mann-
Whitney U-test gave P=0-0069). Following splenectomy
{Fig 2), serum TR fell in all patients (Wilcoxon matched pairs
test comparing pre- and post-splenectomy levels, P=0-028).
Post-splenectomy levels in the seven patients aged 7-9 years
{570, [34:1-67-4]) were similar to those in the 34 SS
children in the steady state.

Serum TIR levels during the early recovery phase of an
aplastic crisis (6~13 d from presentation) {46-1, [19-3-
h6-8]) were greater than at 25-40 d (267, [14-2-44-1],
P=0-028), as were percentage reticulocyte counts (10-0,
(2:0-24-0} at 6-13 d and 4-0. {2:0-14:0] at 25-40 d,
P=0:035).

DISCUSSION

Serum transferrin receptor levels are markedly elevated in
subjects with SS disease (Flowers et al, 1989) consistent with
the increases observed in other haemolytic anaemias (Kohgo
etal. 1987, 1988; Huebers et al, 1990). Levels in the present
study were lower in SC disease which has a moderate
increase in haemolysis and varied widely between SS sub-
jects. consistent with the variable haemolytic rate in this
condition (Bensitiger & Gillette, 1974). Both observations
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support the hypothesis that serum TfR levels may indicate
the degree of erythropoietic expansion. The negative correla-
tion of HbF and serum TIR levels further supports this
hypothesis since high levels of HbF inhibit sickling and
haemolysis and might be expected to be associated with lesser
erythropoietic activity.

The lack of a significant relationship between serum TfR
levels and reticulocyte counts was not unexpected. A rela-
tionship has been reported in autoimmune haemolytic
anaemia (Kohgo etal, 1987), but reticulocyte counts are very
variable in SS disease and correlate only poorly with HbF
levels (Maude et al, 1987) or other indices of haemolysis such
as red cell survival (Serjeant et al. 1969). The density of
surface transferrin receptors is high in immature erythro-
blasts and falls as the cells mature through the reticulocyte
stage (Huebers & Finch. 1987: Parmley et al. 1983\
Furthermore. the response to haemolytic stress includes not
only an increase in production of ervthrocvte precursors. but
also a shift of precursors normally retained within the bone
marrow. The overall effect of these factors is difficult to
quantitate but would make unlikely a simple relationship
between reticulocyte count and serum TfR level.

Iron deficiency in otherwise normal subjects increases the
serum TIR level three to four fold (Kohgo et ul, 1987, 1988:
Flowers et ul, 1989; Huebers et al. 1990). No increase was
demonstrable in SS disease in the present study possibly
because any effect of iron deticiency was obscured by the
greater increase caused by the disease itself. Longiti:dinal
studies within SS patients during iron deficient and iron
replete phases may provide a more sensitive indicator of the
effect of iron deficiency on serum TfR levels in SS disease.

Serum TfR levels increased with age in children with SS
disease, suggesting an age related increase in erythropoietic
activity. Greater erythropoietic activity should attend the rise
in HbS levels and sickling consequent on the fall in HbF levels.
so the negative correlation between change in serum TfR and
fall in HbF was unexpected. This association is difficult to
explain but stimulation of erythropoiesis may increase HbF
producticn in animals (DeSimone et al, 1981) and this
mechanism may also occur in patients.

Levels of serum TfR in complications of SS disease are
consistent with its role as an indicator of bone marrow
activity. The lack of a change in serum TIR levels during
painful crises was not unexpected and was consistent with
observations that the haemolytic rate is unchanged (Diggs.
1956). High serum TfR levels in the recovery phase of
aplastic crisis reflected the intense erythropoietic activity
during recovery and levels paralleled changes in reticulocyte
counts. In hypersplenism. where a marked erythropoietic
expansion is largely relieved by splenectomy, high serum TfR
levels fell to values in the normal range for SS disease
following splenectomy reflecting the expected change in
erythropoietic activity. Serial measurement of serum TfR
levels may therefore help to distinguish chronic hyper-
splenism from simple splenomegaly and identify children that
could benefit from splenectomy.

Serum TfR levels show less intra-individual variability
than reticulocyte counts, and measurement of serum TfR
may be a reliable indicator of bone marrow activity useful in
clinical decisions.
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IRON DEFICIENCY: THE GLOBAL PERSPECTIVE
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INTRODUCTION

Micronutrient deficiency is increasingly recognized as a priority nutritional problem
in the developing world; at least 20% of the world’s population is at risk of a deficiency
in vitamin A, iodine, or iron (Trowbridge et al. 1993). Vitamin A deficiency is the most
important cause of preventable blindness whereas iodine deficiency is a significant cause
of permanent brain damage, mental retardation, and reproductive failure. A deficiency of
either of these nutrients is associated with a decrease in childhood survival.

The focus of the present review is iron deficiency, the primary cause of nutritional
anemia and the most common nutritional deficiency in the world today. In the present
review of iron deficiency anemia (IDA), emphasis will be placed on the liabilities of iron
lack, newer methods for its identification in population studies, and a review of available
methods for its control.

LIABILITIES OF IRON DEFICIENCY
Mental and Motor Development

The most compelling reason for reducing the high prevalence of IDA is the defect in
learning capacity and cognitive performance that is associated with IDA during the first few
years of life. The seminal observation by Oski and coworkers (1978;1983) who
demonstrated that a significant improvement in tests of mental development occur when
infants with IDA are given iron, have been confirmed in larger field studies in Guatemala
(Lozoff et al. 1982), Costa Rica (Lozoff et al. 1987), and Chile (Walter et al. 1983: Walter
et al. 1989). In addition to impaired mental performance, abnormalities in psychomotor
development have also been demonstrated in most of these reports. Infants between 9 and
12 months of age appear to be particularly susceptible (Walter et al. 1989).

One of the most significant findings in relation to IDA in infancy is that abnormalities



in tests of intellectual and motor performance have persisted when examined several years
later despite full correction of the IDA (Lozoff et al. 1991; Walter, 1992). It is possible
that other factors such as maternal education, socioeconomic status, or low birth weight
may have explained some of these persistent abnormalities but, it is believed that these
background factors were statistically controlled in these studies. Other workers have
observed a complete reversal of abnormalities associated with IDA in infancy following
treatment with iron. In a recent randomized double-blind clinical trial in 12 to 18 months
infants living in Bandung, Indonesia (Idjradinata and Pollitt, 1993), the mean Bayley scores
of mental and motor development in 50 infants with IDA were significantly lower than in
47 iron replete infants and in 29 infants with less severe iron deficiency without anemia.
When each of these three categories of iron status were randomized to receive a placebo
or ferrous sulfate and examined four months later, a highly significant improvement in
mental and psychomotor development scores was observed in the infants with IDA given
iron. It is clear that additional studies are needed to define the full impact of IDA in
infancy, particularly in regard to the period of maximum susceptibility and the persistence
of the impairment following correction of the iron deficiency. Nevertheless, there is
compelling evidence that IDA in infancy can result in significant handicaps in mental and
motor performance that may have lasting effects on an individuals’ ability to achieve his
or her full potendal.

Work Capacity

A second important consequence of iron deficiency is an impairment in work capacity
that has been repeatedly demonstrated in regions where IDA is common and in situations
where work productivity can be accurately measured. In one of the better known studies,
the effect of iron supplementation on the work output of latex tappers and weeders working
on a rubber plantadon in Indonesia was examined (Basta et al. 1979). Following a period
of iron supplementation, there was a dramatic increase of nearly 50% in work output in
those with IDA and a significant increase was also seen in those who were originally iron
deficient but not anemic. Similar findings have been reported when iron supplements were
given to tea pickers in Sri Lanka (Ohira et al. 1979). These findings have major economic
significance for the developing world. In the study by Basta, for example, it was calculated

“that for every dollar invested in the purchase of ferrous sulfate, an economic return of US
3250 was realized from the increased production of latex. The cost benefit of alleviating
iron deficiency in the developing world has been analyzed by Levin, who estimated that
with each 10% increase in hemoglobin concentration, a 15% improvement in worker
productivity of anemic laborers can be expected (Levin, 1986). These calculations leave
little doubt about the economic benefit of reducing the prevalence of IDA in regions where
the disorder is prevalent. Additional studies are needed to determine whether a similar
impairment exists for tasks that are less physically demanding and more dependent on
sustained cognitive or coordinated motor function.

Premature Birth

A third important liability of iron deficiency that has been better defined in recent
years is the consequence of IDA during pregnancy. Several reports have demonstrated a
increase in the rate of premature delivery and low birth weight when significant anemia
develops during rhe last trimester. In one of the more extensive studies involving more
than 7000 pregaant women in the Boston area, a remarkably high prematurity rate of 30%
was recorded at a relatively modest hemoglobin concentration of <100 g/L. (Lieberman et
al. 1988). These findings may be partly explained by gestational changes in hemoglobin
concentration, which are lower in women who deliver earlier in pregnancy. Nevertheless,



it is unlikely the relationship between prematurity and hematocrit can be fully explained on
this basis. In other studies relating maternal hemoglobin levels to birth weight, the
relationship has been shown to be J-shaped with an increase in prematurity at hemoglobin
concentratons above 120 g/L (Murphy et al. 1986; Garn et al. 1981). The increased risk
of prematurity at higher hemoglobin concentrations is associated with hypertension and an
assumed decline in circulating blood volume due to increased production of angiotensin II
(Hallberg, 1992). This is a different phenomenon and should not detract from the
importance of the effect of IDA during pregnancy in relation to increased prematurity, low
birth weight, and increased fetal mortality.

One of the issues arising from studies of anemia and birth weight is whether the
associadon is due to anemia from any cause or specifically to [DA. This question was
answered in a recent perspective study of maternal growth and iron nutrition during
pregnancy in 826 women from an inner-city minority population (Scholl et al. 1992). At
the dme of entry to care, roughly one-third of the women were anemic. Although less than
half of the women who were anemic at entry to the study met the criteria for IDA based
on the combination of a low hemoglobin and serum ferritin concentration, the odds of low
birth weight were ebled and of premature delivery doubled in women with IDA but were
not increased in women with anemia from other causes. Vaginal bleeding at or before
snry to prenatal care also increased the risk of premature birth and the etfects of bleeding
and IDA were additive, increasing the risk 5-fold. A low concentration of ferritin retlecting
reduced iron stores did not, in itself, influence the risk of premature delivery. Although the
prevalence of IDA in this study was lower than anticipated (3.5%), the results leave little
doubt that the risk of premature delivery and low birth weight is specifically related to IDA.

PREVALENCE OF IRON DEFICIENCY

Despite the unquestioned frequency with which iron deficiency occurs in many
countries throughout the world, there was only fragmented evidence on global prevalence
until the publication of DeMaeyer and Adiels-Tegman (1985). These investigators reviewed
the published literature on anemia prevalence throughout the world; the mid-point of the
publications reviewed was around 1980. It was estimated that 30% of the world’s
population is anemic or approximately 1.3 billion individuals. The authors estimated that
slightly less than half, or 500-600 million people, had IDA, although most reports did not
provide specific iron-related measurements. There was a striking relauonship between
anemia and both age and sex, with peak frequencies occurring in childhood and in
pregnancy. A marked variation was also observed between different geographic regions.
For example, the prevalence in women ranged from a low of 8% in North America to 44%
and 58% in Africa and South Asia, respectively.

While this study provided the first clear view of the global magnitude of IDA, the use
of isolated hemoglobin measurements as an index of iron lack has major limitations. The
first is the low sensitivity of the hemoglobin concentration because of the marked overlap
in values between normal and IDA populations. When a single cut-off level of hemoglobin
was used to define anemia in pregnancy in one study, as many as one-third of normal
subjects were classified as anemic while a similar proportion of anemic subjects are
incorrectly considered normal (Cook et al. 1971). An even more important limitation of
isolated hemoglobin or hematocrit measurements is their inability to distinguish IDA from
other causes of anemia. The most important cause of non-iron deficiency anemia,
especially in regions where the intake of many nutrients is marginal, is chronic infection
that characteristically suppresses hemoglobin production. In certain regions, maiaria and
HIV infection are more important causes of anemia than IDA. Genetic abnormalities in

hemoglohin structure or synthesis, such as sickle cell disease or thalassemia, are also



important causes of non-iron deficiency anemia in certain regions of the world.

Significant progress towards reducing the global prevalence of iron deficiency will
require the introducton of simple, inexpensive, and specific laboratory indices of iron
deficiency that are suited to field use. One of the most important additions to the field
assessment of iron status during the past two decades is the serum ferritin assay. Because
the measurement requires only a few microliters of serum, fingerstick specimens can be
obtained and stored in the frozen state for determinations months, or even years, later. The
most important attribute ot the serum ferritin is its high specificity. A value <12 ng/L is
only seen with depleted iron stores and provides unequivocal evidence of IDA when
associated with a significant reduction in hemoglobin or hematocrit levels. The serum
ferritin is particularly valuable when assessing the impact of an intervention because it
portrays changes in iron status in those who were not initially iron deficient.

The major limitation of serum ferritin measurements is that they provide no
information about the severity of tissue iron deficiency in individuals with absent iron
stores. Most of the iron measurements which provide this information are not suitable for
field use. For example, the serum iron and total iron-binding capacity have been used
extensively in epidemiological studies but the derived parameter of transferrin saturation
(serum iron/total iron binding capacity) lacks specificity because it is similarly affected by
iron deficiency and the anemia of chronic disease. Moreover, these determinations require
more blood than can be obtained by capillary sampling. Measurements relating to the
circulating red cell, such as the mean corpuscular volume (MCV) and red cell distribution
width (RDW), are used frequently in a clinical setting but entail the use of costly electronic
equipment which is seldom available in developing countries. These techniques also
require same-day analysis which is impractical in many field situations. The portable
instruments that are available for the measurement of erythrocyte protoporphyrin offer a
more practical option in field studies but this equipment is not inexpensive and its
standardization and long-term reliability remains uncertain.

An important new assay, termed the serum transferrin receptor (TfR), shows promise
in providing the needed informaton about the severity of tissue iron deficiency. The
cellular form of the TfR is a transmembrane glycoprotein comprised of two identical
subunits of 95,000 kDa mass linked by two disulfide bridges. Over 80% of the protein is
contained in the extracellular domain. The cellular form of TfR hus emerged, in recent
years, as playing a key role in the acquisition of transferrin iron by all body cells (Huebers
and Finch, 1987; Ward, 1987). Following binding of the TfR at the cell surface by diferric
transferrin, the iron is carried into the cell in small vesicles termed endosomes. The iron
is then released as the pH of the endosome falls. The apotransferrin remains bound to the
TfR and is returned to the cell surface at which point transferrin is released to obtain
additional iron from the storage compartment.

Kohgo and coworkers were the first to identify TfR in human serum using sensitive
immunological techniques (Kohgo, 1986; Kohgo et al. 1986) and this important observacion
has been confirmed subsequently in other laboratories (Flowers et al. 1989; Huebers et al.
1990). It was originally suggested that circulating TfR is intact receptor (Huebers and
Finch, 1987), but more recent studies in which the serum form was purified using
immunoaffinity chromatography with monoclonal antibodies, have demonstrated that
circulating TfR is truncated at amino acid residue 100 and thereby lacks the cytoplasmic
and transmembrane domains of intact receptor (Shih et al. 1990). Because the
concentration of transferrin in serum is far higher than that of serum TfR, it is assumed that
the serum TfR circulates as a complex with a molecular mass of 160 kDa containing one
TfR subunit for each molecule of transferrin.

The salient features of serum TfR measurements have been recently reviewed (Beguin,
1992; Cook et al. 1993). The mean and range of values in normal subjects reported by
different laboratories varies widely although the relative changes in different clinical



disorders are roughly comparable. At least some of the differences in values reported by
different laboratories appears to relate to immunologic reagents and assay standards
(Flowers et al. 1989). In various hematological disorders, the concentration of serum TfR
varies in proportion to the number of erythroid precursors. The serum TfR increases by a
factor of 10 in patients with ineffective erythropoiesis and rises to a lesser extent in patients
with compensated hemolytic states such as autoimmune hemolytic anemia or sickle cell
disease. In patients with aplastic anemia or complete marrow ablation, the level falls by
only 50% of normal indicating that nonerythroid tissues contribute significantly to the
concentration of serum TfR. An excellent correlation has been demonstrated between the
erythron iron turnover, a ferrokinetic measurement of total erythropoiesis, and serum TfR
in a wide range of hematologic disorders (Huebers et al. 1990).

The value of serum TfR in the epidemiologic assessment of iron nutriture is based on
the observation that the concentra:on increases progressively with advancing tissue iron
deficiency, reaching a level of roughly 3-times normal in patients with overt IDA (Flowers
et al. 1989). The effects of evolving IDA on the serum TR have been defined by
monitoring normal subjects who underwent serial phlebotomies to induce a wide spectrum
of iron deficiency (Skikne et al. 1990). Little or no change in the serum TfR concentraton
occurred during the period of storage iron depletion whereas a predictable and dramatic fall
in serum ferritin levels occurred. When iron stores approached tull depletion, the serum
TR began to rise and continued to increase in direct proportion to the degree of tissue iron
deficiency. By calculating the ratio of the receptor/ferritin concentration in serum, a single
parameter was obtained, the log of which was directly proportional to the body iron level
over a wide spectrum ranging from normal iron stores to advanced iron deficiency. The
ability to characterize iron status quantitatively in each sampled individual offers an
important advantage in epidemiological studies in developing countries. Although the
technology is complex and the commercial availability of immunologic kits limited, serum
obtained by capillary sampling in the field can be frozen and assayed later in a central
laboratory using automated systems. The investment in this technology is warranted
because of the high specificity and sensitivity of this new index of body iron status.

A key advantage of the serum TfR is its ability to distinguish the anemia of chronic
disease from IDA. In a recent study addressing this question, the mean serum TfR in 17
normal controls was 5.36 + 0.82 mg/L as compared to 13.91 £ 4.63 mg/L in 17 patients
with IDA (Ferguson et al. 1992). The mean serum TfR was normal in all 20 patients with
acute infection and was also normal in 8 of 10 anemic patients with chronic liver disease.
In 41 patients with the anemia of chronic disease, only 4 had elevated serum TfR levels and
the mean TfR of 5.65 £ 1.91 mg/L in this group was comparable to the values in normal
subjects. When the deficit in hemoglobin concentration was >25 ¢/L, there was complete
separation of serum TfR levels in patients with the anemia of chronic disease from those
with IDA.

The serum TfR is valuable in determining the iron status of pregnant women.
Although it might be anticipated that the high concentration of transferrin receptor in human
placental tissue would contribute to the serum concentration during gestation, we have
observed that the frequency distributions of serum TfR in normal subjects and in pregnant
women are very similar (Carriaga et al. 1991). Serum TfR elevations in pregnancy were
observed only in those women with a serum ferritin concentration <16 pg/L. In 13 women
in whom IDA was diagnosed by a combination of iron-related measurements, the serum
TiR level was increased significantly in all but 2. In a recent study to determine the
efficacy of iron supplementation in over 300 pregnant women living in Kingston, Jamaica,
the serum TfR was the most reliable laboratory index of iron status (W.K. Simmons,
unpublished observations).



INTERVENTION METHODS

The optimal method for reducing the prevalence of iron deficiency in developing
countries should be based on knowledge about the primary cause but there is reladvely little
information about the factors that lead to numitional IDA in these areas. The high
prevalence of anemia in infants, pre-schoolers, and pregnant women indicate that the
primary mechanism is an inadequate absorption of dietary iron to offset the enhanced iron
requirements associated with growth and gestation. One method of intervention that has
been proposed is to alter the diet to improve the bioavailability of dietary iron. While this
remains a theoretical possibility, economic restraints usually limit the introduction of the
most important foods such as meat and aunimal tissue. Not only are most individuals
unwilling to alter their maditional diet appreciably but there is little or no evidence that
dietary modifications, other than increased meat intake, have a significant impact on iron
balance. In certain regions of the world, excessive blood loss due to parasitic infection,
such as hookworm, is known to be of key importance and in these regions, efforts to reduce
parasitism should be a prominent feature of an intervention program. In the present review,
emphasis will be placed on two established interventions: iron supplementation or the
provision of medicinal iron, and food fortification or the enhancement of the dietary content
of iron.

Iron Supplementation

The medical practitioner has been aware for many decades that when medicinal iron
is taken regularly by a patient with IDA, a complete hematologic response invariably occurs
within a few weeks. This has prompted efforts, over the past several decades, to apply this
approach at a populaton level by supplying iron supplements to groups as high risk of iron
deficiency. In pregnancy, for example, when iron demands are large in amount and brief
in duration, iron supplementaton has been the traditional approach to preventing IDA. The
supplementation of pregnant women with iron is the only intervention used in many
developing countries despite a paucity of evidence that the supplementation program have
a sustained efficacy.

The reason for the failure of iron supplementation programs was the subject of a recent
conference in which the experience of several different countries was reviewed (Gillespie
et 2l. 1991). The reasons for failed programs were as numerous as the countries reporting
their experience. In some countries, economic constraints limited the regular procurement
of the iron tablets or prompted the use of less expensive and less effective forms of iron.
In other instances, a break-down in the delivery system at some point between the
procurement of iron supplements by the government and their regular supply to maternal
health clinics was the major difficulty. Poor adherence of the women to regular
supplementation usage is undoubtedly a major factor but the nature of poor compliance
remains uncertain. In some instances, women do not receive proper instruction about the
importance of taking their iron tablets regularly and do not obtain adequate follow-up at
their regular visits about use of their iron supplements. The problem of non-compliance
in established programs of iron supplementation and pregnancy was highlighted by a recent
study in Jakarta, Indonesia (Schuldnk et al. 1993). The baseline prevalence of anemia in
50 women in second trimester pregnancy (42%) did not decrease after 2 months of iron
supplementation with 60 mg elemental iron daily. Of 33 women who completed the study,
adherence to the iron supplementation program was confirmed by analysis of stool iron in
only 12 women although there was a significant improvement in both serum ferritin
(p<0.05) and hematocrit (p<0.01) in the total .. mple. It was concluded that poor
compliance was the major factor accounting for Inadequate response to iron supplements
although gastrointestinal side effects were reported only rarely as a reason. Most women



said that they simply forgot to take their iron tablets on a regular basis.

Another important factor that unquestionably contributes to poor compliance is the
well-known gastrointestinal side effects of medicinal iron. The more distressing of these
are the nausea, epigastric discomfort, and occasional vomiting that occurs within an hour
or two of taking iron. The frequency and severity of these symptoms vary with the amount
of iron taken and its relationship to food. Lower intestinal symptoms such as diarrhea or
constipation are apparently less troublesome and occur independently of the amount of iron
consumed. The upper intestinal symptoms can often be circumvented in clinical practice
because the padent can be instructed to make adjustments in the dose, form, or timing of
iron administration. However, health care workers in large maternal clinics have limited
time available to provide individual counselling. In small rural communities, women are
of:en reluctant to use iron tablets when they learn that others have had gastrointestinal
symptoms.

One approach to enhancing the effectiveness of iron supplementation programs is to
use iron preparations that reduce the frequency of nausea and epigastric discomfort. A
number of delayed release iron preparations have been marketed but iron absorption from
these formulations is usually lower than standard iron tablets because the iron is not
released in the gastrointestinal tract until the preparation is beyond the duodenum where
iron assimilation is maximal. A newer preparation, termed a gastric delivery system (GDS),
circumvents this problem by mixing ferrous sulfate with a colloid suspension that becomes
buoyant on exposure to gastric secretion (Cook et al. 1990). The preparation is retained
within the stomach for 2 to 3 hours, while slowly releasing the iron to the acidic milieu of
the stomach. This preparation has two major advantages. First, when taken with food,
which swongly inhibits iron absorption, the bulk of the meal passes out of the stomach
before the GDS iron is released. As a consequence, iron absorption is 2- to 3-times better
than conventional ferrous sulfate tablets taken with food. This feature of GDS allows less
frequent administration while providing the same amount of iron. An equally important
advantage of the GDS is complete elimination of the gastrointestnal side effects associated
with iron. The GDS is now undergoing field mials in Kingston, Jamaica and rural Tanzania
with promising early findings. In the former trial, the same hematological efficacy of a
single GDS iron tablet taken once daily was obtained as twice the amount of iron as
conventional ferrous sulfate tablets (Simmons et al. 1993).

While newer technology such as the GDS will eventually enhance the effectiveness
of iron supplementation programs, iron supplementation has many limitations. Even if
compliance and efficacy can be improved, this intervention is likely to have little influence
on the overall prevalence of iron deficiency in the total population.

Food Fortification

The only practical means of achieving a significant reduction in IDA is to increase iron
in the food supply by fortifying one or more food vehicles with iron. Fortification of wheat
and bakery products was first introduced in industrialized countries during World War II
and currently provides between 10% (United Kingdom) and 40% (Sweden) of the dietary
iron intake; about 20% of dietary iron is derived from fortification in North America. Iron
fortification of milk formulas and infant cereals has also been used widely in industrialized
countries. The iron status of both children and adults has improving progressively in recent
decades in countries where foods are enriched with iron but it has not been possible to
determine the extent to which this improvement is due to iron fortification.

The extension of iron fortification programs to developing countries is beset by several
obstacles. The use of cereal-based programs depends not only on identifying a suitable
vehicle but on a means of adding iron in a bioavailable form and in a manner that does not
alter the color or taste of the food. Rice is the staple food for a large proportion of the



world population in regions where iron deficiency is prevalent but despite efforts for many
years, a fully satisfactory method for fortifying this cereal has not been developed. With
most cereals, a major problem is the lack of central milling facilities. When cereals are
grown in rural areas, and milled locally or in the home, it is difficult to introduce the
fortification iron. Nevertheless, given the apparent success of fortifying infant cereals and
wheat-based foods in industrialized countries, fortification of cereals remains an important
strategy for many regions of the world.

Because of these problems with cereal fortification, efforts have been made to fortify
other vehicles such as salt, sugar, or condiments that are usually produced in a limited
number of facilies. Salt is especially attractive as a vehicle because it has been used
effectively for iodine fortification in most countries. The technology of salt fortification
with iron has been studied extensively in India and has been shown, in pilot studies, to
reduce the prevalence of IDA significantly (Working Group on Fortification of Salt with
Iron., 1982). Efforts are currently underway to doubly fordfy salt with both iodine and
iron.

One of the major constraints with iron fortification in developing countries is the
inhibiting effect of the cereal-based diets on the absorption of nonheme dietary iron and
added fortification iron. Indeed, it is the inhibitory nature of many diets that is believed
to account for the high prevalence ot iron deficiency in the Third World. Even when
highly available forms of fortification iron are used, such as ferrous sulfate, absorpticn
never exceeds that of the common pool of dietary nonheme iron which is usually low. One
important development in recent years is the use of a chelated form of iron, NaFeEDTA,
that has several important advantages. The mest important is its higher absorption than
non-chelated iron sources, particularly when the diet is strongly inhibitory. Another
important advantage of NaFeEDTA is that by maintaining iron in a less reactive form,
problems in alteration of taste or appearance of the food vehicle or foods with which the
fortified product is mixed, is greatly reduced. Extensive field trials with this fortification
strategy using sugar (Viteri et al. 1983), fish sauce (Garby and Areekul, 1974), or
condiments (Eallot et al. 1989), have all shown a significant improvement in iron status.

One of the most important questions in regard to iron fortification policies is whether
it is better to select a vehicle that reaches all segments of the population in rough
proportion to their caloric intake or whether it is better to target the fortified vehicle to the
populations in greatest need of iron. Recent studies have suggested that genetically normal
individuals with higher iron stores may be at increased risk of common but serious
disorders, such as cancer (Stevens et al. 1988) or heart disease (Salonen et al. 1992). While
much more work will be nceded to confirm these suspicions, a conservative approach
would be to use targeted tortification such as weaning foods in infancy or fortified foods
provided in a school lunch program. The disadvantage of this approach is that the
prevalence of iron deficiency in women of the childbearing age would not. The advantage
is that any untoward, and yet undefined, liabilities of providing iron to those who do not
require it would oe avoided.

SUMMARY

The prevalence of IDA in industrialized countries has declined in recent decades, but there
has been little change in the worldwide prevalence. IDA is currently estimated to affect
more than 500 million people. Recent studies have indicated that anemia per se, the most
common manifestation of iron deficiency, is less important from a public heaith standpoint
than liabilities associated with tissue iron deficiency. The most important of the latter are
an impairment in psychomotor development and cognitive function in infants and pre-
schoolers, a deficit in work performance in adults, and an increase in the frequency of low
birth weight, prematurity, and perinatal mortality in pregnancy. There have been several



recent advances in combatting nutritional iron deficiency. One of the major problems has
been in distinguishing iron deficiency from other causes of anemia seen epidemiologically
such as malaria, HIV infection, chronic inflammation, hemoglobinopathies, and protein
energy malnutrition. When combined with serum ferritin and hemoglobin determinations,
the serum transferrin receptor assay is a valuable addition in epidemiologic surveys because
it provides a quantitative measure of functional iron deficiency and it distinguishes true IDA
from the anemia of chronic disease. The most difficult challenge is to develop effective
methods of supplying iron to large segments of a populaton. Supplementation with iron
tablets is suitable for only brief periods of need such as during pregnancy. The poor
compliance with existing supplementation programs is believed to be due mainly to the
gastrointestinal side effects of oral iron which can be eliminated by the use of a gastric
delivery system. The most effective long-term strategy is to increase the intake of
bioavailable iron in the diet. The customary approach has been to fortify a food staple such
as wheat, rice, sugar, or salt, and thereby increase the iron intake of the entire population.
However, because of concerns about the risk of cancer and heart disease in individuals with
high iron stores, there is an increasing reluctance to supply iron to individuals who do not
require it. A more etfective strategy is to fortify food vehicles that are targeted to segments
of the population at greatest risk of iron deficiency such as infants and school children.
Because of the stong inhibitory propertdes of diets in regions of the world where iron
deficiency is most prevalent, the use of NaFeEDTA has important advantages for food
fortification.
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INTRODUCTION

The detection of a soluble form of the transferrin receptor (TfR) in human sera has
been a inajor advance in hematological and ferrobiological research. Since the predominant
expression of TfR is on the erythroid colony forming unit and late erythroid progenitors,
the serum TfR would be expected to provide a quantitative measure of the size of the late
progenitor pool. This has been confirmed by its excellent correlation w.th the size of this
pool as determined ferrokinetically (Huebers et al. 1990). The other determinant of tissue
receptor mass is the cellular iron content. A raised serum TfR is the earliest biochemical
indicator of depletion of the functional iron pool (Skikne et al. 1990) and the most reliable
indicator of iron deficiency in pregnancy where other measurements, including hemoglobin
concentration, serum iron, percentage saturation, and serum ferridn, are often not helptul
(Carriaga et al. 1991). Serum TR is the only non-invasive measure to reliably distinguish
the anemia of chronic disease from that of iron deficiency (Ferguson et al. 1992). Given
these attributes, this measurement is becoming a crucial component in the evaluation of
population iron nutriture (Cook et al. 1992; Cook et al. 1993a; Cook et al. 1993b).

Early studies employing sequential imaging of gold-labelled transferrin after
endocytosis (Harding et al. 1983) along with electron microscopic and immunochemical
evaluation (Pan and Johnstone, 1983; Pan and Johnstone, 1984; Pan et al. 1985; Johnstone
et al. 1987; Johnstone et al. 1989; Johnstone et al. 1991) have established a pathway of
cellular TfR loss in terminally maturing erythroid elements, This is characterized by a
process in which TfR-ligand bearing endocytic vesicle membrane undergoes intravesicular
outpouching resulting in a large vesicle (multivesicular body) containing muldpie 50 nm
vesicles (exosomes). These are expelled from the cell by exocytosis. The demonstration
of serum TfR has been interpreted by some as reflecting this process (Kohgo, 1986; Kohgo
et al. 1986; Kohgo et al. 1987a; Kohgo et al. 1987b; Beguin et al. 1988; Huebers et al.
1990; Chitambar et al. 1991). This notion appeared untenable, however, since ready
quantitation of a particulate form of receptor in a sandwich ELISA (Flowers et al. 1989)
would a priori seem unlikely.



BIOCHEMICAL IDENTIFICATION OF THE SERUM TfR

To facilitate biochemical identification, the serum TfR was successfully isolated by
monoclonal antibody affinity chromatography. The antibodies had been produced in this
laboratory against purified intact receptor from human placenta as antgen for use in a
monoclonal ELISA (Flowers et al. 1989). Analysis of this purified serum TR revealed that
it is always isolated as a complex with transferrin. It has a molecular mass of 85 kDa as
compared to the intact receptor monomer of 95 kDa. It reacts with the monoclonal
antibodies and is glycosylated as evidenced by positive PAS staining and a reductdon in
molecular mass after treatment with N glycanase. Its biochemical identity based on amino
terminal amino acid sequence analysis is shown below and is compared with residues 95-
119 of the intact TfR (Shih et al. 1990).

Serum TR LAGXESPVXEEPGETDEFPAA ==

Intact TIR LTECERLAGTESPVREEPGETDFPAA =xx

X indicates non-identified residues

It is therefore clear that the serum T{R is an abbreviated receptor ectodomain with the
truncation event occurring between arginine (100) and leucine (101). The non-identification
of residue 104 in the serum TfR may relate to glycosyladon. In this regard, threonine (104)
has been identified as the only site of O-linked glycosylaton in the TfR molecule (Hayes
et al. 1992; Do and Cummings, 1992).

DOMAIN SPECIFIC ANTI-PEPTIDE ANTIBODIES

To facilitate the evaluation of the mechanism of production of the serum TfR,
polyclonal antibodies were produced to specific peptide sequences in the endo- and
ectodomains of the TfR on either side of the biologically relevant truncatdon site. The
sequences employed are shown below.

31 GDNSHVEMKLAVDEEENADNNTIKANVTIKPP

6f RCSGSI CYGTI AVI YFFLI GFMI GYLGYCK

99 GVEPLTECERLAGTESPVREEPGEDFPAAR
T
12l RLYWDDLKRKLSEKLDSTDFTSTI K KLLNEN
T

40-54 - endodomain peptide; 107-120 - ectodomain peptide; bold - membrane spanning region; T -
truncation site (Shih et al. 1990); T - putative trypsin cleavage site (Turkewitz et al. 1988)

These sequences were selected on account of their strategic location, their
hydrophilicity, proline richness, and paucity of intra-sequence lysines. The synthesis of
these peptides, their purification, linkage to keyhole limpet hemocyanin, production of
polyclonal antibodies, and their reactivity have been fully described previously (Shih et al.
1993). To summarize, the endodomain peptide antibody reacts with purified intact TfR and
would be expected to react with the cytoplasmic TfR remnant remaining after truncation.
It does not react with purified serum TfR. The ectodomain peptide antibody reacts with



both intact and serum TfR but would not be expected to react with the cytoplasmic
remnant.

The biologically relevant truncation site (Shih et al. 1990) is clearly distinct from the
previously reported trypsin cleavage site between arginine (121) and leucine
(122)(Turkewitz et al. 1988). The ectodomain peptide sequence situated as it is between
the biologically relevant wuncation site and the trypsin cleavage site would be expected to
distinguish between a soluble ectodomain resulting from biological truncation as opposed
to trypsin cieavage.

To verify this, the time dependent reactivity of receptor fragments with the ectodomain
and monoclonal antibodies, after exposure of purified intact TfR to trypsin, were evaluated.
The incubaton of intact TfR, purified from human placenta, with trypsin was terminated
by the addition of soybean trypsin inhibitor. The receptor fragments and their reactivities
were evaluated by Western blotting. The results of Western blotting with ectodomain
antibody after electrophoresis under non-reducing conditions are shown in Figure 1.
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Figure 1. Westem blot with ectodomain antibcdy of the time dependent product of tryptic hydrolysis of intact
TfR. The duration of incubations were 0 (lane 2), 1 (lane 3), 5 (lane 4), 15 (lane 5), 30 (lane 6), 60
(lane 7), 90 (lane 8), 150 (lane 9), and 300 minutes (lane 10). Material was electrophoresed under non-
reducing conditions. Purified intact TfR is present in lane 2 and molecular weight indicators in lane 2.

It can be seen that the 85 kDa protein is transiently detected (lanes 3, 4, and 5). By
contrast, Western blot of the identical material with monoclonal antibody (Flowers et al.
1989) reveals the 85 kDa moiety only transiently and very faintly (lane 3) while at
subsequent times large amounts of proteins slightly smaller than 85 kDa are detectable

(Figure 2).
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Figure 2. Western blot with monoclonal anti-TfR antibody of the identical material used in Figure 1.
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Three conclusions can be drawn from this study. Trypsin digestion transiently yields an
85 kDa soluble TfR but the limit product is significantly smaller than serum TIR,
compatible with the previously reported trypsin cleavage site (Turkewitz et al. 1988). The
ectodomain peptide antibody detects the transient 85 kDa moiety but, as predicted, not the
limit product of trypsin digestion. The epitope present on the TfR which is detected by the
monoclonal antibody must not include the region between amino acid positions 100 and
122.

EVALUATION OF HUMAN SERA WITH DOMAIN SPECIFIC ANTIBODIES

Development of domain specific ant-peptide antibodies facilitated confirmation of the
biochemical identity of the serum TfR and exclusion of the possibility that a significant
intact TfR population bound to exosomes was not being detected by the monoclonal
antibody affinity isolation. These investigations employed competitive binding ELISAs to
measure ecto- and endodomain content of human sera after ultracentrifugation and of the
resultant pellets after they had been solubilized in detergent (Shih et al. 1993). To
summarize these findings, in normal subjects exosomes account for <1% of circulating non-
cell associated TfR with >99% in the form of the truncated ectodomain. In subjects with
the enhanced erythropoiesis of sickle cell disease, exosomes account for <3% of circulating
non-cell associated TfR. A finding of potenual significance is that in detectable exosomes
there appears to be an excess of endodomains over ectodomains.

VALIDATION OF AN IN VITRO MODEL OF SOLUBLE RECEPTOR
PRODUCTION

To extend the evaluation of mechanisms of serum TfR production, it was necessary
to establish in vitro models. The inidal in vitro system evaluated was the K562
erythroleukemic cell line in culture. Soluble TfR was detected in culture supernatant using
our monoclonal antibody ELISA (Baynes et al. 1991a). To biochemically identify this
soluble TfR it was isolated by monoclonal antibody affinity chromatography by methods
employed to purify the serum TfR (Shih et al. 1990). It was characterized
electrophoretically, immunologically, by glycoprotein staining, and by means of amino
terminal amino acid sequencing (Baynes et al. 1991c). Like serum TfR soluble TfR is an
85 kDa glycoprotein which results from truncation of the intact TfR between arginine (100)
and leucine (101)(Baynes et al. 1991c). Like serum TfR, soluble TfR in culture supernatant
varies in direct proportion to cellular TfR mass which, in turn, is inversely related to the
cellular iron status (Baynes et al. 1991a). Culture supernatant was further evaluated in a
number of ways for the presence of exosomes. Pellets obtained by ultracentrifugation were
subjected to electron microscopy, monoclonal antibody ELISA after solubilization in
detergent, and Western blot analysis (Baynes et al. 1991c; Baynes et al. 1993a). In
addition, the difference between TfR assayed in supernatant before and after solubilization
in detergent was shown to be closely related to the exosome TfR measured in the pellet
obtained by ultracentrifugatdon. Based on these analyses, approximately 20% of the non-
cell associated TR in K562 supernatant is accounted for by exosomes.

A second cell culture system employing the HLA0 promyelocytic cell line was also
studied. The process of soluble TfR release from these cells is qualitatively the same as
K562 cells. However, analysis employing the domain specific peptide antibodies reveals
that HL60 cells release the same 85 kDa soluble TfR but at 2-3 times the rate of K562
cells. Exosomes in this system account for <5% of the non-cell associated TfR (Baynes
et al. 1991b; Baynes et al. 1993a).



These two well-validated cell culture systems preducing, as they do, quantitatively
dominant amounts of soluble TfR and minor amounts of intact TfR bound to exosomes
were employed to establish the predominant site of receptor truncation.

THE SUBCELLULAR SITE OF TfR TRUNCATION

Having validated in vitro models of serum TfR production and developed domain
specific antibodies on either site of the biologically relevant truncation site, these were
employed to study the subcellular components of the TfR. More specifically, solubilized
cells, solubilized exosomes, and post-ultracentrifugation supernatant were evaluated by
Western blotting with endo-. and ectodomain peptide antibodies. Solubilized cell
membranes contain predominantly intact TfR of 190 kDa under non-reducing conditions
detected by both antibodies. They also contain minor amounts of a 105 kDa T{R detected
by both antibodies but predominantly the one against the ectodomain. This is compatible
with a monomeric truncadon of the intact TfR. The culture supematant contains
predominantly an 85 kDa moiety detected only by ectodomain antibody compatible with
serum TfR. The solubilized exosomes contain intact 190 kDa TfR and the same 105 kDa
moiety found in cell membranes. There appears to be more 105 kDa moiety in the
exosome fracton. In addition, the solubilized exosomes contain a 20 kDa protein which
reacts only with ectodomain antibody compatible with the cytoplasmic remnant of TfR after
truncation of both ectodomain monomers (Baynes et al.-1993a). Inwinsic to the
interpretation of these findings is the assumpticn that the intact cell dees not clear
endodomain remnants at an accelerated rate. That this assumption is valid is suggested by
the finding that production of endodomain remnant dimer by treatment of cells with trypsin
does not modify the rate of its cellular catabolism (Rutledge et al. 1991).

These findings, therefore, suggest that truncation by proteolysis of TfR is most
complete at the exosome surface as compared to the cell surface. This does not, however,
preclude a significant role for cell surface truncation.

A MEMBRANE ASSOCIATED SERINE PROTEASE IS CAPABLE OF
PRODUCING SERUM TIR

The production of the ectodomain peptide antibody provided an excellent assay for the
detection of the biologically relevant serum TfR ectodomain and for distinguishing it from
the ectodomain resulting from trypsin hydrolysis. This antibody was used in Western blot
analysis after incubation of cell culture fractions at 37°C with purified intact TfR. The
fractions studied included concentrated supernatant, density separated post-nuclear cell
membrane fractions, and cytoplasm. Surface membranes were identified by enrichment for
5’ nucleotidase activity. Because HL60 cells produced more soluble TfR than K562 cells,
these were studied first.

A synopsis of the results of these studies is that culture supemnatant and cytoplasm
lacked the approp:iate proteolytic activity whereas the surface membrane fraction with the
highest 5’ nucleotidase to protein ratio contained proteolytic activity capable of producing
the biologically relevant soluble TfR (Baynes et al. 1993b). Using various protease
inhibitors, this activity was identified as being mediated by a serine protease.

These studies indicate that a surface membrane associated serine protease is present
in HL60 cells which has the ability to produce the serum TfR. Since the multivesicular
body is a structure where surface derived membrane associated protease, both on the
exosomes and the limiting membrane of the vesicle are in close proximity to membrane
bound intact TfR on both structures this would be a logical site for receptor truncation.



This would also be in accord with our demonstration that the exosome appears to be the
subcellular site of most complete TfR truncation.

THE SUBCELLULAR SITE OF EXOSOME TfR TRUNCATION

The data presented thus far indicate that the TfR on the exosome surface is subject to
the most complete truncation. Further, culture supernatant lacks the protease to effect the
biologically relevant truncation suggesting that this does not occur at the exosome surface
once released by exocytosis. To confirm that soluble TfR is not released from exosomes
liberated from cells, studies were conducted in which post-cell culture supernatant was
incubated at 37°C and evaluated at various times for exosome and soluble TfR content.
These studies employed the monoclonal antibody ELISA. A typical example is shown in
Figure 3 where it can be seen that over 22 hours of incubation TfR content of soluble and
exosome fractions remained unchanged. This work was conducted with HL60 cell cultures.
The same result was obtained with K562 cell cultures except that the ratio of exosome to
soluble TfR was slightly higher in keeping with our prior quantitative data.
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Figure 3. The soluble (hatched bars) and exosome (open bars) TfR content of HL60 culture supernatant
during incubation at 37°C. The values are expressed as a percentage of the starting receptor content.

DISCUSSION

These data lead to the model that serum TfR is produced by proteolysis predominantly
at the exosome surface and to a lesser extent at the ce’: su—face. This proteolysis appears
to be mediated by a membrane associated serine piotease. Proteolysis at the exosome
surface appears to occur prior to exocytosis, probably withia the multivesicular body.

Our data on the tracking of the receptor remnants with the domain specific peptide
antibody have been presented in abstract and communicated in full (Baynes et al. 1992;
Baynes et al. 1993a). Subsequently, work has appeared using a similar approach and
reports to find evidence for cytoplasmic domain remnants of the TfR in exosomes obtained
from ex vivo matured sheep and human reticulocytes (Ahn and Johnstone, 1993). While
superficially confirmatory, there are certain important aspects in which this work differs
from the current study. This work (Ahn and Johnstone, 1993) reports that ex vivo matured
sheep reticulocytes release more exosoine TfR than soluble TfR, whereas both our in vitro
and in vivo data reveal the opposite. These workers report that sheep soluble TfR is a
truncated dimer of 160 kDa whereas our serum TfR is clearly an 85 kDa monomer. They
indicate that cytoplasmic TfR remnant on sheep exosomes consists, under reducing
conditions, of a predominantly 17 kDa moiety but with significant amounts of a 25 kDa
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protein and material between 17 and 25 kDa and that human exosomes show the identical
remnant cytoplasmic domains, whereas the current data report a single remnant of 20 kDa
under non-reducing conditions. They theorize that runcation occurs at amino acid position
130 whereas our sequence data clearly establish truncation as occurring at position 100.
They indicate that intact TfR is equally evident on a Western blot of a single human serum
sample as compared to the serum TfR whereas exosome TR in our assay studies is tivial
in comparison to serum TfR. Clearly, these numerous differences may relate, in part, to
species differences and to differences in the cellular models. In this regard, it remains to
be seen whether ex vivo reticulocyte maturation (a terminal process) is reflectve of serum
TfR producton by all cells in vivo. Another possible explanation may relate to the
immunologic reagents used. In this regard, it should be noted that their data in sheep are
based on cross species immunological reagents. It would also be important to know
whether the monoclonal antibody employed detects TfR equally regardless of whether it is
free or bound to ligand. The question of the specificity and sensitivity of the reagents is
highlighted by their stated inability to detect exosomal material in HL60 cells whereas it
is readily detectable with our reagents. This potendal problem is further emphasized by
these workers’ observatons that serum TfR could not be detected in rats. In unpublished
experiments using immunological reagents developed in this laboratory to the intact rat TfR
we find, analogous to the human situation that serum TfR is the predominant circulating
non-cell associated TfR. Clearly, further evaluation of these reported data is indicated.

WORKING MODEL

Serum TfR is a truncated ectodomain monomer resulting from proteolytic cleavage
between arginine 100 and leucine 101. The predominant site of receptor proteolysis
appears to be at the surface of the exosome. The cell surface may be a secondary site of
proteolysis. Cleavage is mediated by a surface membrane associated serine protease.
Exosome TfR protcolytic cleavage appears to occur intracellularly, probably within the
multivesicular body. The factors predisposing TfR to inclusion within the exosome and to
proteolytic cleavage remain important questons for further investigation.
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ABSTRACT Participants in a November 1991
workshop concluded that coordinat« ! strategies for con-
trolling malnutrition due to iodine, iron, vitamin A and
other micronutrients deficiencies are technically feasible
and should be given consideration in planning control
efforts. Coordinated surveys involving clinical, bi-
ochemical and dietary assessment of multiple
micronutrients are feasible. Multiple fortification is also
possible using such vehicles as sait, processed rice or
sugar. Supplementation efforts can be integrated with
existing health care programs. Food-based strategies
are also effective. The best examples have been com-
munity-based and have included a strong nutrition and
health education component designed to change food
consumption patterns. improve food preservation and
preparation practices, and link income-generating ac-
tivities with food production activities. Successful coor-
dinated efforts will require a strong political commitment
and a supportive infrastructure. Specific recommenda-
tions include the formation of national coordinating
bodies for micronutrient deficiency control, estab-
lishment of a micronutrient information network and ex-
pansion of technical exchange and training. J. Nutr. 123:
775-787, 1993. :
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BACKGROUND

Twenty percent of the world’s population,
primarily in developing countries, is at risk for
micronutrient malnutrition. lodine, iron, and vitamin
A deficiencies are of great public health importance
because of their high prevalence, related morbidity
and mortality, and preventability. About 16% to 18%
of the world’s population (or approximately 1 billion
people) live in iodine-deficient areas, plac.ng them at
risk for permanent brain damage, mental retardation,
reproductive failure, decreased child survival, goiter
and socioeconomic stagnation (Task Force 1992).

Iron deficiency is the most prevalent micronutrient
deficiency of public health importance in the world
and the most common cause of nutritional anemia in

!Summary of a workshop held November 7-9, 1991, in Atlanta,
GA, sponsored by the International Life Sciences Institute 1n col-
laboration with the Centers for Disease Control and the Program
Against Micronutrient Malnutrition. Guest editor for this publi-
catton was Suzanne S. Harns, Human Nutritton Institute, [LSI
Research Foundation, Washington, DC.

2The costs of publication of this artcle were defrayed in part by
the payment of page charges. This article must therefore be hereby
marked “advertisement” 1n accordance with 18 USC Section 1734
solely to indicate this fact.

3To whom correspondence should he addressed.
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children and women of reproductive age (15 to 49
years) (De Maeyer 1989). The primary consequences
of iron deficiency anemia are impaired child de-
velopment and reduced work capacity and economic
output. In developing regions, 51% of children under
4 years of age and 59% of women of childbearing age
are estimated to have anemia. Worldwide, approxi-
mately 1 billion people are anemic due to iron deti-
ciency.

Vitamin A deficiency, the most preventable cause
of irreversible blindness, affects nearly 14 million
children clinically and 50 million more children sub-
clinically in developing countries. Approximately 190
million children are at risk for vitamin A deficiency.
Each year, at least 350,000 new cases of irreversible
blindness in children are caused by vitamin A defi-
ciency; more than 60% of these children die within
one year of diagnosis. Children with subclinical cases
of vitamin A deficiency are at increased risk of dying
from infections (World Hunger Program [989).

Prevention and. control of micronutrient mal-
nutrition could substantially affect worldwide so-
cioeconomic development by increasing child sur-
vival, learning po.ential, productivity, self-reliance
and quality of life. Effective control strategies have
been proposed for each micronutrient deficiency, but
the opportunity for coordinating these strategies has
not yet been fully explored. Various factors make
such exploration imperative:

¢ Population groups at risk for vitamin A, iron,
and iodine deficiencies frequently overlap.

¢ Surveillance mechanisms used to assess one
micronutrient may be adaptable for others.

* Intervention delivery systems and facilities, as
well as technical skills and education for control
of one micronutrient deficiency, may be the
same as or compatible with those for controlling
other micronutrient deficiencies.

e Coordinated control strategies could reduce
duplication of effort and costs and thereby im-
prove the effectiveness and efficiency of pro-
grams for controlling micronutrient mal-
nutrition.

The importance of and opportunities for coordi-
nated control have received increasing international
support during the past few years. During the 1990
World Summit for Children, sponsored by the United
Nations Children’s Fund (UNICEF), seventy heads of
state endorsed the World Declaration and Plan of
Action on the Survival, Protection, and Development
of Children, which calls for elimination of vitamin A
deficiency and iodine deficiency disorders and for sig-
nificant reduction in iron deficiency anemia. Country
representatives at this meeting committed them-
selves to developing national plans for coordinated
control of micronutrient malnutrition. In October
1991, the World Health Organization (WHO) and
UNICEF cosponsored a follow-up meeting in Mon-

SUPPLEMENT

treal to establish a policy framework for international
action in climinating micronutrient deficiencies. This
meeting resulted in the identification of basic policy
assumptions that should underlie national and inter-
national plans (Task Force 1992).

The challenge remained, however, to identify the
specific scientific and technical opportunities tor and
constraints against implementing ecffective programs
for micronutrient malnutrition control. To meet this
challenge, a technical workshop was convened in
November 1991 titled, “Coordinated Strategies for
Controlling Micronutrient Malnutrition.” The objec-
tives of this workshop were:

e To examine the feasibility of coordinated
strategies for controlling micronutrient mal-
nutrition due to iodine, vitamin A, and iron
deficiencies, and

e To identify prioritics for applied research to
strengthen the scientific and technical base for
controlling micronutrient deficiencies.

The workshop was sponsored by the International
Life Sciences Institute, a public, nonprofit foundation
dedicated to research and information exchange on
nutrition, food safety, environmental hazards and
other health-related topics. Collaborating agencies in-
cluded the Centers for Disease Control and the
Program Against Micronutrient Malnutrition. The
Program Against Micronutrient Malnutrition is
designed to  help governments achieve sustained
elimination of micronutrient malnutrition through
training and technical support tailcred to the specific
needs and capacity of each country. A steering com-
mittee of technical experts was formed to design the
workshop agenda.

Workshop participants, drawn from multiple
agencies and organizations from government, in-
dustry and academia, represented a wide range of
disciplines and technical expertise, including
nutrition, nutritional epidemiology, nutritional bi-
ochemistry, nutritional anthropology, health care
delivery, agriculture, economics and food technology.

The workshop began with brief presentations on
possible coordinated strategies and experiences with
controlling micronutrient malnutrition in India,
Thailand, Indonesia and the Philippines. These
presentations were followed by three concurrent
work-group sessions on information collection and
dissemination, fortification and supplementation, ‘nd
food-based approaches. Participants were assigned to
work groups based on their areas of expertise.

The work groups, which were charged with
defining the current best approaches in their area,
discussed coordinated approaches to the three main
micronutrient deficiencies, gaps in knowledge and
priorities for future research. The workshop con-
cluded with summary presentations by the work-
group leaders and a panel discussion that further ex-
plored the potential for coordinated approaches and
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recommendations for research. This paper summa-
rizes the conclusions of each work group and presents
the most important implementation issues.

INFORMATION COLLECTION
AND DISSEMINATION

Scope and rationale

The work group addressing information collection
and dissemination identified four ways in which in-
formation is valuable to controlling micronutrient
malnutrition.

e To increase awareness of the problem for ad-

vocacy at the national and international levels,

e To gamer political and financial support for
control efforts from keyv decision makers,

e To identify populations at high risk for
micronutrient malnutrition and to design ef-
fective, targeted programs, and

e To monitor and evaluate programs so that pro-
gress can be measured and further control efforts
planned.

The group emphasized the importance of infor-
mation dissemination. Only if decision makers have
access to useful and relevant data can they make
informed decisions.

Opportunities and constraints

Advocacy. When using information for advocacy, it
is critical to define which decisions the effort should
influence and to communicate the information effec-
tively to those who will be making those decisions.
National and international advocacy efforts can be
strengthened by using the following types of infor-
mation:

e The prevalence and severity of micronutrient
malnutrition. Common definitions and criteria
should be used so that information is compatible
worldwide and comparisons can be made among
populations, countries and regions. Information
collected should support a compelling argument
for the need to reduce the micronutrient mal-
nutrition.

e The significance of micronutrient deficiency.
This information would include the physical,
developmental, social, and economic conse-
quences of micronutrient deficiency for in-
dividuals, populations and entire countries, and
the benefits of alleviating deficiencies.

e The cost-effectiveness of feasible solutions for
addressing the problem.

Much of this information is available but needs to

be shared more widely with the persons who can best
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use it, including government officials and decision
makers, community leaders, health professionals such
as general practitioners, and students in such training
programs as medicine, nursing, nutrition and
agriculture. In addition, social marketing techniques
can be used to increase micronutrient consumption,
as has been done by the Expanded Programme on
Immunization (EPI} during the past decade. Industry
can provide technical expertise, help reach popula-
tions at rnisk and advocate increased awareness of the
problem among political officials.

Indicators. Table 1 lists various clinical and bi-
ochemical indicators available and anticipated for
defining baseline prevalence and characterizing tke
nature and extent of micronutrient malnutrition in a
population.

Planning. Several opportunities exist for coordi-
nated assessment of micronutrients and should be
pursued. Coordinated surveys can include clinical as-
sessment related to multiple micronutrients along
with simultaneous collection of blood samples for
biochemical assessment of iron, vitamin A and iodine
deficiencies. Dietary assessment can also be used for
vitamin A, iron and other micronutrients as well as
for additional dietary factors such as energy and
protein. It should be recognized, however, that dietary
assessment may not always produce a precise defi-
nition of '+ problem.

Concentrat;on of effort on one age group (e.g., in-
fants or children beginning school) may also be prac-
tical, but care must be taken to ensure that other
important groups (e.g., women of childbearing age} are
not ignored.

Coordinated strategies should be planned in col-
laboration with community health work=ars to ensure
that the strategies meet local needs and constraints.
Rather than relying solely on outside expertise, these
health workers or other volunteers from the local area
should be trained to conduct or assist in the assess-
ments. This training would not only provide willing
and able hands for baseline surveys but would also
build the area’s capacity to independently conduct
routine monitoring and intervention programs in the
tuture.

A maior obstacle to coordinated assessment is the
lack of umform guidelines that ensure standardized
application of appropriate methodologies. Such guide-
lines could address common methods for establishing
baseline prevalence, conducting surveys, analyzing
data and using results to plan programs. Guidelines
would not only reduce the neced for direct technical
assistance for large-scale assessment efforts but would
also facilitate communication among countries,
donor agencies, industry and academia.

The World Health Organization is currently in-
itiating a coordinated data base that should include
baseline data on the prevalence of micronutrient defi-
ciencies in all countries and provide information on
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TABLE 1

Indicators for surveillance of micronutrients malnutrition

[ndicators

Micronutrient currently available

Indicators available
in2twsSy

Vitamin A
Bitot’s spots
Serum retinol

Conjunctival impression cytology
Relative dose-response

History of night blindness

Dark adaptation measurement
Blood spot retinol

Retinol by fluorescence
{capillary tube sample)

Modified relative dose-response

lodine

Goiter diagnosed by palpation

Blood spot thyroid-stimulating hormone

Urinary iodine

Thyroid size determined by ultrasound

Hematocrit
Hemoglobin

[ron

Blood sput ferritin
Blood spot transferrin receptor

Erythrocyte protoporphynn

Serum ferritin

indicators appropriate for measuring the success of
control efforts. Use of these indicators worldwide
would allow consistent and valid monitoring of pro-
gress toward a goal of eliminating micronutrient mal-
nutrition by the year 2000. The data base could be
kept in a clearinghouse for use by all interested in-
dividuals.

Evaluation. Many of the indicators (Table 1} are
also useful for program evaluation. Process measures
are also needed to determine progress toward
achieving program goals. Such measures should assess
knowledge, attitudes and beliefs of health workers
and consumers about micronutrient deficiency and
how to control it. Such information could be used to
determine the association between knowledge of a
deficiency and its prevalence. Individual and con-
sumer behaviors associated with micronutrient intake
should also be assessed.

National  surveillance systems should be
strengthened to enable continuous program
monitoring and evaluation. However, the work group
indicated that design of control programs need not
wait until these systems are fully operational.

Country experiences

India. A nationwide survey in 1974 showed that
2% of 9 million blind persons were blind due to
vitamin A deficiency. In a more recent survey,
vitamin A deficiency contributed to only 0.04% of
cases of total blindness. Because only survivors are
examined in such surveys, this may not reveal the
true picture, but the decreasing trend was corrobo-
rated by a nutrition survey among preschool-age
children. However, blindness due to vitamin A defi-
ciency still varies considerably by region.

t

Iron deficiency anemia is most prevalent among
women of childbearing age. A recent survey revealed
that more than 60% of pregnant women and pre-
school-age children are anemic. Cereals are the major
source of iron in the Indian diet; isotopic studies have
shown that iron absorption from this diet is only 3%
to 5%. Hookworm disease and malaria also aggravate
anemia in some areas.

A recent survey in 14 districts of different Indian
states showed that the prevalence of goiter ranged
from 6 to 65%. More alarining is the prevalence of
endemic cretinisin in all the states. Other forms of
iodine deficiency disorders such as dwarfism, mental
retardation and deaf-mutism, are also common in
areas where iodine deficiency is endemic.

Thailand. In 1973, 37% of adults had iron defi-
ciency anemia. In 1974 and 1975, the prevalence
among pregnant wnomen was about 30% in Bangkok
and 41% to 70% in rural areas. Pccent data from
antenatal clinics at the provincial hospital level in-
dicate that the prevalence has declined to about 20%
in this population.

In a 1988 survey the overall prevalence of iodine
deficiency was 43% in 65 districts. Within one year of
implementing a contral program, the goiter rate
dropped to 17% in one province with a high preva.
lence of iodine deficiency.

Indonesia. A national survey conducted in 1978 in
23 of Indonesia’s 27 provinces reported a prevalence
of xerophthalmia in 15 provinces that was hicher
than the criteria used to define public health sig-
nificance. Limited repeat surveys in five provinces
trom 1983 to 1986 showed that the prevalence of
xerophthalmia declined significantly, from 1.16 to
0.67%. A 1991 survey in four provinces of eastern
Indonesia showed that xerophthalmia is a public
health problem in one province and vitamin A
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deficiency (as measured by serum retinol concentra-
tions) is a problem in all four provinces.

In the past, goiter was found in populations on
almost every maijor island of Indonesia; prevalence
was 92.5% in certain areas. A goiter prevention
program was implemented in 1976, and in 1980 to
1982, a national survey of primary-school children in
26 provinces revealed that goiter was endemic in
68.3% of 666 subdistricts, and cretinism was endemic
in 10% of villages. Parallel surveys conducted in 1987
and 1990 showed that both the total goiter rate and
the visible goiter rate decreased significantly (from
372 to 27.7% and from 9.2 to 6.8%, respectively).

Current prevalence of anemia among pregnant
women ranges from 39.7 to 63.4%; the national
average is about 52%. The prevalence of anemia
among low income female workers is 30 to 40%;
among acrlt nonlactating and nonpregnant women
who usc community health centers and village health
posts, the prevalence is 20 to 45%. The 1991 study in
four provinces revealed that the average prevalence of
anemia among pregnant women and preschool-age
children was 50.1 and 49.2%, respectively.

Philippines. National nutrition surveys and
smaller studies conducted since 1978 have shown
that the proportion of specific population groups with
deficient plasma concentrations of vitamin A ranges
from 2.3 to 3.4%. The highest rates of vitamin A
deficiency are in children 7 to 12 years old and
pregnant women. In 1982, prevalence of
xerophthalmia and Bitot’s spots was 3.6%. By 1987,
this rate was greatly reduced, but, in certain areas, it
still hovers around 4%.

Prevalence of anemia is as high as 70% among
infants and is also quite high among children age 7 to
12 years, preschool-age children, pregnant and nursing
women, and the elderly. Overall, the prevalence of
anemia in the country is about 37%.

For goiter, the same pattern holds true; for the
country as a whole, the prevalence is only about
3.5%, but, in selected areas, especially mountainous
regions, a prevalence of 66% can be found among
children age 7 years or older. A procedure, developed
for rapidly assessing prevalence of goiter, uses inter-
views with schoolchildren to determine whether any
of their family members have enlarged goiters. This
procedure, which roughly defines areas where goiter
is endemic, can be used for program planning.

Knowledge gaps

Several gaps in knowledge, identified by the work
group, can serve as the basis for defining research
priorities. These research needs include the following:

e Better definition of the physiological interactions

of micronutrients {e.g., how they support and
interfere with each other). Where iron deficiency
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is common, vitamin A deficiency also seems to
be more prevalent. Conversely, treatment of
vitamin A deficiency often results in changes or
improvement in biochemical indicators of iron.
The implications of this relationship nced to be
defined precisely for monitoring and assessment
purposes. Further studies of relationships be-
tween iodine deficiency and vitamin A are
needed.

» The development of more sensitive assessment
tests feasible for use in the field.

e Evaluation of the performance [e.g., sensitivity
and specificity) of indicators of micronutrient
status for different target groups.

e Definition of the age or sex groups that could
serve as optimal target groups for multiple
micronutrient assessment and surveillance.

e Guidelines for coordinated assessments of mul-
tiple micronutrients (e.g., recommendations for
sample size, data management and analysis).

e The effects of various dietary interventions on
dietary intake.

e Documentation of costs and benefits of in-
dividual and combined micronutrient interven-
tions.

FORTIFICATION AND
SUPPLEMENTATION

Scope and rationale

Fortification and supplementation are effective
ways to increase micronutrient intake to acceptable
levels. Fortification involves adding micronutrients to
foods during the production process. Supplementation
requires administration of micronutrients in
medicinal form (e.g., tablets, capsules or injections).
The fortification and supplementation work group
discussed issues related to iodine, iron and vitamin A
individually, as well as issues related to combined
approaches.

Opportunities and constraints

Iodine. Fortification of salt with iodine has been
successful, and the work group believed that such
fortification should be extended to all countries
where deficiency exists. Fortification levels, which
depend on per capita consumption of salt and antici-
pated storage losses, range from 200-1000 ug/g.
Potential toxicity is negligible, and the cost of salt
iodinization is low. Potassium iodate is the preferced
additive because it is more stable than other com-
pounds. Storage and handling should be carefully con-
sidered because the volatile iodine is easily lost. Con-
cerns about safety are addressed in a recent report of

fy .
,Ix ]
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the Joint FAO-WHO Expert Committee on Food Ad-
ditives (JECFA) (WHO 1991).

Supplementation was considered an important
short-term adjunct to a salt fortification program,
which more effectively addresses the long-term
problem in most countries. The main forms of iodine
supplementation are oral iodized oil and iodized
water. The effectiveness and safety of iodized oil pro-
grams have been amply "demonstrated. From
preliminary data it scems that an oral oil capsule with
a dose of 480 mg of iodine will give protection for
about one year. Injection can increase this protection
to about three years. Both injection and oral sup-
plementation programs have been subject to logistical
problems. There are theoretical concems in regard to
iodine supplementation of pregnant women, but these
are minor in areas with high prevalence of iodine
deficiency.

Iron. Fortification of foods with iron is much more
complex than fortification of salt with iodine because
variations in dietary absorption and dietary patterns
in different countries influence iron availability. In
addition, because the required dosage of iron is at
least 50 times more than the required dosage of
iodine, taste and color changes occur in some iron-
fortified foods.

The vehicles used to disseminate iron include
wheat flour, cereals, sugar and salt. Some specialty
foods, such as citrus drinks for children, have been
tested with good results. However, these foods may
not be appropriate for distribution on the open
market because of variability in the amount con-
sumed. In controlled situations such as schools, these
products can be helpful.

Iron EDTA is a promising fortificant. Because it is
absorbed much better than other fortificants, smaller
amounts can be used, and color and taste are more
acceptable. Use of iron EDTA in countries with a
high prevalence of nutritional anemia seems
desirable. Although EDTA is an approved food ad-
ditive, iron EDTA is more expensive than other irc -
fortificants and has not yet been approved by any
country or by the JECFA. A recommendation for use
of iron EDTA from a single country would :ncourage
other countries to use. it.

Supplementation with iron is also complex because
of the amount of iron needed, the dosage schedule and
because of absorption and toxicity issues. Supplemen-
tation is usually made by one of several types of
tablet. Absorption, which depends on the presence S
and type of food in the stomach, greatly varies by
individual and population. Iron excess is possible but
is believed to be a limited problem in countries with a
high rate of anemia. Side effects, which are common
in pregnant women, the primary target group, are
significant and increase with increasing dose. These
side effects, including constipation and gastric dis-
tress, are minimized if the dose is taken on a full

stomach, but then absorption is limited. A dose taken
at night on an empty stomach may alleviate some of
these problems. A new product, the gastric delivery
system, may help to minimize both the side effects
and absorption problems (Cook et al. 1990). Further
testing of this product should be pursued.

Vitamin A. Vehicles used for vitamin A fortifi-
cation include sugar, rice and some specialty foods.
Vitamin A is lost when exposed to both heat and
oxygen. Vitamin A fortification is also complicated by
the color and slight taste it imparts to food. There is
some concern about toxicity, particularly in pregnant
women ([VACG 1986).

The work group was intrigued by the idea of for-
tifying and reprocessing broken grains of rice. This
process may enable the development of a premix that
would permit control of color and stability and would
allow fortification with iron as well as vitamin A.
Rice fortified by the process is being produced but
needs extensive testing to ensure quality control, con-
sumer acceptability and stability of the fortificant
(Murphy et al. 1992}).

Supplementation with oral vitamin A capsules has
been tested in many countries. Dosage has been
reviewed, and standard guidelines have been pub-
lished by WHO and the International Vitamin A Con-
sultative Group {[VACG] (WHO 1988). Cost is
minimal, but some concerns remain about toxicity,
particularly in pregnant women.

Coordinated strategies. Examples of multiple for-
tification opportunities identified by the work group
are given in Table 2.

Supplementation efforts should be integrated with
existing health care delivery systems whenever pos-
sible. Use of maternal and child health programs,
primary health care programs and EPI activities
should be explored. For example, if supplementation
were linked with the EPI program, pregnant women
could receive iron tablets and iodized oil with their
tetanus immunization, and children could receive
vitamin A supplementation as part of their routine
vaccination regimen.

When planning coordinated strategies, care shoulc
be taken to address several issues, potential obstacle:
and constraints by doing the following:

e [nvolve all relevant sectors [government, in
dustry and consumer groups) in planning anc
implementation. Industry is a key player in the
sustained control of micronutrient malnutritior
and should be supported in its free market
profit-oriented approach. Industry’s expertise 1
market development and determination shoul:
be tapped.

e Communicate with consumers to determin
their perceived needs and to educate them abou
demanding a better product and accepting
slightly higher price for that product.

e Build an adequate infrastructure, includir
trained personnel and program managemen

f)\/\
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TABLE 2

Possible coordinated fortification strategies

Food lodine Iron Vitamin A Comments

Salt X X Technology is now available to produce
a stable formulation, but considerable
testing of stability and absorption {as
influenced by different dietary pat-
terns) is required.

Rice X X

Sugar X X

Specialty foods, citrus X X X These foods are consunied in irregular

drinks for schoolchildren,
soft drinks, cookies,
nutricubes

amounts, which makes intake
monitoring difficult. The work group
advised against fortifying a wide range
of products targeted at the same popu-
lations.

Countries should identify administrative struc-
tures that will suit their needs and unique situa-
tions.

e Recognize and take advantage of opportunities
for fortifying new products to increase the con-
sumption of fortified foods.

¢ Identify mechanisms to stimulate industry in-
volvement, increase availability and reduce costs
to consumers for fortified products. Mechanisms
could include subsidies and regulatory relief to
assure supplies of low cost fortificants and assist
in the purchase of fortification equipment.

* Monitor and evaluate process and outcome vari-
ables. A poorly monitored program is liable to
fail or be ineffective. Long-range programs
should be designed, and they should incorporate
evaluation that is essential to identifying pro-
gress, problems and needs. Monitoring of process
measures shou'd include the quality of the food,
the level of fortification at different stages in the
production and delivery system, and the tracking
of micronutrient status indicators discussed by
the information work group (Table 1).

Country experiences

India. The federal government in India recently
liberalized the production of iodized salt to include
the private sector as well as the public sector. It also
made the commitment to iodize all edible salt in the
country by 1992. A subsidy is provided to manufac-
turers to offset the cost of purchasing potassium
iodate. Goiter control units have been established in
all states; to monitor progress, a simple kit is used to
detect the iodine in the fortified salt.

The National Anemia Control Programme has
been in operation for the last two decades. Under this

program, pregnant and lactating women are given
tablets containing 60 mg of iron and 500 ug of folic
acid, and children receive one half that dose. Each
beneficiary is given one tablet per day for 100 days
each year through primary health centers and
maternal and chil¢ health clinics. Implementation
has been very slow; a recent evaluation showed poor
coverage in all states due to inadequate supplies, lack
of awareness among health staff and poor compliance
among women. Steps are being taken to address these
problems. Initially, all nutrition interventions were
isolated, vertical programs. They were subsequently
integrated into other health care services, including
food and nutrient supplementation, immunization,
treatment of minor illness, nutrition and health edu-
cation.

Iron-fortified salt, developed by the National In-
stitute of Nutrition in Hyderabad, can provide 10 to
15 mg of iron per day, at an absorption rate of about
3% to 6%. In Calcutta, where hookworm infestation
is common, the prevalence of anemia was reduced
from 90 to 50-60% after introducing iron-fortified
salt. Pilot attempts to produce iron-fortified salt on a
commercial scale have been quite successful.

The technology for fortification of salt with both
iodine and iron has been successfully developed by
the National Institute of Nutrition. Laboratory
studies have shown satisfactory results with respect
to the stability and bioavailability of both
micronutrients, and large-scale community trials are
now under way.

A vitamin A distribution program, now operating
in all states in the country, reaches about 30 million
children between 1 and 5 years of age. Each child is
given one spoonful of vitamin A syrup containing 666
x 103 retinol equivalents (110 mg retinol palmitate)
every six months. The program is implemented by
auxiliary nurse midwives through primary health
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centers. In areas where the program has been im-
plemented well, the prevalence of xerophthalmia has
decreased significantly. Reasons for poor coverage in
other areas include inadequate supplies of vitamin A,
lack of coordination between various health profes-
sionals, availability through clinics only rather than
through house-to-house visits and lack of community
awareness. Efforts are now being made to improve the
logistics of distribution and to strengthen training and
education components.

Thailand. Supplementation with iodine is accom-
plished using 500 ug/g of iodine in salt and two drops
of iodine solution to 10 L of water in school and
household reservoirs. Kits are used to test iodine
levels in water. In villages, six drops of iodine so-
lution can also be added to 750 mL of fish sauce in a
bottle the size of a whisky bottle. This allows prepa-
ration to be done at the village level in an easily
available container. In addition, 200-mg iodine cap-
sules are distributed every 6 to 12 months to areas
where iodine deficiency is endemic.

Thailand advocates the provision of one ferrous
sulfate tablet and one multivitamin tablet daily to all
pregnant women. Health officials feel that com-
pliance is improved if only one tablet is required.

In 1976, after finding that blindness due to vitamin
A deficiency occurred primarily among preschool
children, Thailand established guidelines for vitamin
A fortification of sweetened condensed milk. Guide-
lines also exist for providing foods rich in vitamin A
to children of different ages, for example, breast milk
for infants, rice and bananas (as a supplement] for
children over four months of age, chicken liver and
egg yolks for children five months old, and ivy gourd
(an indigenous, green leafy vegetable) for children six
months old.

Indonesia. To attain the goal that no child is born
with cretinism in the year 2000, a national iodine
deficiency disorders committee was established by a
decree of the Ministry of Health in 1990. The national
program uses three strategies: iodized oil injection as
a short-term measure in areas where iodine deficiency
is severe, iodized salt for human consumption as a
permanent long-term strategy, and iodine added to
safe drinking water as an appropriate technology in
areas at high risk for deficiency.

Indonesia’s intervention program for controlling
nutritional anemia includes iron supplementation for
pregnant women through village health posts and
community health centers, nutrition education to in-
crease the consumption of iron-rich foods, and fortifi-
cation of foods with iron. The fifth in a series of five-
year development plans states that, by the end of
1994, the prevalence of nutritional anemia among
pregnant women should be reduced from 50 to 40%.
About 80% of all pregnant women are to receive iron
tablets. For the last three years, approximately 50% of
all pregnant women have been given 90 to 100 tablets

SUPPLEMENT

during their pregnancy, but the actual number of
pregnant women taking iron tablets every day re-
mains unknown. The government plans to conduct a
pilot project to establish an anemia information
system and to promote iron sources for pregnant
women.

Xerophthalmia has been reduced significantly in
some areas due to a combination of strategies: distri-
bution of vitamin A capsules; nutrition education
through village health posts; fortification of
monosodium glutamate with vitamin A; and public
health intervention through high immunization
coverage, improved sanitation and improved health
services. It is difficult to determine which strategy
has had the highest impact.

Philippines. In the Philippines, the micronutrient
strategy is part of an overall food and nutrition
program. In areas where goiter is endemic, iodized oil
capsules are mandated for children up to 14 years of
age and women of childbearing age. In other areas,
capsules are given only to persons with goiter.
Pregnant women receive 120 mg of iron or two tablets
of ferrous sulfate daily, starting from the twentieth
week of pregnancy. Coverage is about 20% to 40% of
all pregnant women because the program reaches only
those women who attend prenatal clinics at health
centers. Two tablets of iron are also given to nursing
women and anemic infants and children. High dose
capsules of vitamin A are provided to children with
severe diarrhea, persons with moderate or severe
protein energy malnutrition and persons with lower
respiratory infections.

Knowledge gaps

The work. group identified the need for research in

the following areas:

* Effects of iron fortification and use of new for-
tified products on iron status.

* Feasibility of fortifying sugar with sodium iron
EDTA. EDTA is not absorbed well on its own,
but enhances the absorption of dietary iron. In
countries where EDTA consumption levels are
fairly low, sodium iron EDTA could well be

- approved.

¢ Color and stability of fortified foods.

» Absorption of micronutrients through different
vehicles and under different dietary conditions.

* Safety of new products.

e Optimal number of iron tablets for pregnant
women and the length of time that dosage is
needed.

e Feasibility of a supplement containing both
iodine and vitamin A.

» Optimal dosage for vitamin A supplements, i.e.,
whether small doses given frequently have a
greater impact than larger, longer-lasting doses.

bos

]
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* Appropriate number of doses of vitamin A for
children with measles. Current recommenda-
tions by WHO and UNICEF promote one dose,
but recent trials are being conducted on two
doses.

¢ Synergistic effects, in terms of disease trends and
costs, of integrating micronutrient programs
with other public health programs.

e Impact of water and other development programs
on the problem of micronutrient malnutrition.

The work group expressed the view that it would
be valuable to demonstrate the measurable benefits of
fortification by conducting small pilot projects,
funded by several agencies and industry, in one or two
countries.

The group also support efforts by WHO and other
groups to establish a micronutrient information bank
that would collect and disseminate information on
different countries’ experiences with fortification and
supplementation.

FOOD-BASED APPROACHES

Scope and rationaie

Food-based approaches for the control of
micronutrient malnutrition are designed to increase
local production and consumption of foods that are
high in specific micronutrients. The three
micronutrients discussed during the workshop vary in
their suitability for food-based approaches. Vitamin
A, which is found in a wide variety of foods including
yellow and orange fruits and vegetables, dark-green
leafy vegetables, poultry liver, fish liver oils, whole
milk, butter and eggs, is the most suitable. Iodine,
found in marine fish, seaweed and plants from soil
rich in iodine, is the least suitable. The suitability of
iron for food-based strategies is moderate because
foods with the best bioavailability of iron are
generally expensive (e.g., meat products). Bioavaila-
bility tends to be lower in more commonly available
foods (e.g., legumes).

The work group listed several advantages of food-
based strategies:

® Such  strategies can
micronutrient problems.

e They have a community-based emphasis that
promotes general community and human de-
velopment.

* They are feasible in most countries but may need
to be augmented by other interventions such as
fortification or supplementation.

¢ They may result in long-term changes in con-
sumption patterns, infant and child feeding prac-
tices and food preparation pract: :es.

e They are cost-effective over time, and the

address  multiple
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nutrition, health and economic status of both
individuals and communities benefit.
Food-based strategies are usually implemented
when food sources are available but underutilized, or
when food sources are unavailable or limited but can
be augmented through agriculture or imports. These
strategies may need to be implemented along with
supplementation or fortification programs, particu-
larly for iron and iodine.

Opportunities and constraints

Food sources available but underutilized. When
food sources are available but underutilized, edu-
cation in nutrition and health is the main strategy.
Such education is most effective if it is designed to

e Change food consumption patterns. Educational
strategies should promote increased con-
sumption of locally available foods rich in
micronutrients, such as eggs, papayas or other
yellow fruits and vegetables, dark-green leafy
vegetables, as well as animal products (when
affordable).

* Change food preservation and preparation prac-
tices to overcome seasonal factors and guarantee
a supply of micronutrient-rich foods all year
long. Proper preparation would increase the bi-
oavailability and dietary appeal of some foods,
particularly to persons in greatest need (women
and young children). For example, mothers can
be taught how to dry certain fruits and
vegetables (e.g., mangoes or green Jeafy vegeta-
bles), preserve them, grind them into a powder,
and then add the powder to gruel for infants and
toddlers.

e Link income-generating activities with food
production activities (which often also generate
income) when economic factors are a primary
constraint on food availability. Care should be
taken not to promote the production of income
at the expense of proper nutrition.

Food-based approaches should identify the
micronutrient problems and potential local food
sources of each community. Lists of micronutrient-
rich foods that can either be grown or bought locally
are extremely valuable. The work group suggested
that such lists be prepared by each country, with
assistance from FAO, as part of intervention planning.
The lists should indicate foods that must be processed
before their micronutrients become available (e.g.,
sorghum and maize).

The work group believed that nutrition and health
education would be most effective if it were

* Promoted at national, regional and local levels to
develop multiple supportive constituencies.

* Designed .to bring about behavioral changes
among consumers so that they will select,
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process, prepare and preserve foods in ways that
optimize micronutrient consumption.

» Directed at policy-level officials to improve their
understanding and obtain better technical and
logistic support for programs.

* Integrated with other health education, agncul-
tural and social messages being conveyed at the
community level. Such coordination may in-
crease the effectiveness of the nutrition mes-
sages and enhance their susrainability.

Messages should be tailored to the needs of unique
target audiences. A range of rapid assessment proce-
dures should be used, including both qualitative and
quantitative techniques. Community participation
should be solicited for these assessments, preferibly
through selection of small, time-limited samples
rather than large groups followed over a long period of
time. A variety of media (e.g., print, radio, billboards)
should be used to deliver the messages, and the public
health sector should teach local community health
workers to develop 'and disseminate compatible mes-
sages.

Food sources unavailable. When food sources are
unavailable or limited, food-based strategies must ad-
dress the issues of food production and transportation.
Unavailability may affect both urban ar.d rural popu-
lations. Use of food coupons and promotion of
kitchen gardens are two possible strategies for urban
settings. Small, backyard gardens might be more ap-
propriate for rural settings. Long-term sustainability
of home gardens should take into account water avail-
ability, land availability and cost.

All too often, micronutrient-rich foods are
produced at a distant site and must be transported to
and marketed in the area of need. Analysis of existing
infrastructures for food transport is critical to ensure
local distribution of these foods without incurring
unnecessary expense. Transported foods should be
packaged hygienically to preserve their quality and
appeal. Nutrition education, as described above, is
essential to ensure consumption of the new foods.

The work group recognized the importance of
agricultural policies that support the diverse diet
necessary for consumers to meet micronutrient
needs. The group believed that the most immediate
impacts are likely to occur through agricultural and
animal production at the community and household
levels. In most instances, such local efforts may in-
volve women or women'’s groups; hence, consider-
ation must be given to the multiple demands on a
woman’s time and energy. Strategies to overcome
constraints on food availability may involve not only
the provision of resources, such as seed and fertilizer,
but also relief from time- and energy-consuming
burdens, such as hauling water. Community-de-
velopment programs that reduce these burdens on
women should be emphasized. Agricultural extension
workers accustomed to dealing with male farmers
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may need to be retrained in how best to work with
women.

The work group listed the following tactors that
should be considered when designing food-based ap-
proaches. The extent to which they represent oppor-
tunities and constraints vary considerably from
country to country, depending on the sociopolitical
environment in each country and the effectiveness of
program planning efforts.

* The time required to change behavior may not
be long if strategies are tailored to local needs
and cultures.

* Distribution channels may need to be improved
to ensure that the food reaches the vulnerable
populations (e.g., young children).

» Communication needs to take educational status
and literacy among women into account and
encourage their participation in interventions to
improve diet diversification.

e The status and role of women as decision makers
in attaining, preparing and consuming food may
need to be strengthened.

e Because food-based approaches are used in di-
verse situations, close cooperation is needed be-
tween local and national levels during program
development so that the recommended ap-
proaches are suitable for individual commu-
nities.

» Agricultural policies may need to be altered to
support dietary diversification.

* Political commitment may need to be developed
at all geographic and political levels.

* Technology appropriate for the community level
may need to be designed.

Country experiences

India. A pilot project was recently undertaken to
evaluate the feasibility of food-based strategies.
Thirty villages in three different agroclimatic regions
were selected. A baseline survey was conducted to
obtain information on agricultural practices, dietary
habits and availahle vegetables and fruits with high
bioavailability ot micronutrients. Based on this
survey, an intervention program combining nutrition
education and agricultural interventions was
launched. Home gardening was promoted to increase
the availability of vegetables and fruits at the
household level. Cultivation of perennial varieties of
green, leafy vegetables was emphasized (e.g., Indian
spinach, a creeper that requires little water, grows all
year and is rich in B-carotene, iron and calcium).

Thailand. After a concentrated effort to improve
chicken cultivation by promoting improved hygiene,
vaccination and improved minimal care, the death
rate for chickens dropped from 60-70% to 10-15%.
This decrease resulted in an increased supply of
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chicken, chicken liver and eggs. Thailand also en-
couraged production of nutritious toods (primarily
rice, legumes and sesame), gardening, use of organic
fertilizers, correction of sterilized soils, and village
fisheries.

Philippines. Nutrition education in this country
concentrates on promoting breastfeeding, increasing
the intake of green leafy and yellow vegetables and
foods rich in vitamin C, encouraging use of iodized
salt in food preparation and reducing the con-
sumption of foods containing goitrogens (e.g., cas-
sava). Bio-intensive gardening, which was initiated as
a pilot program, has been adopted naticnwide. It is
conducted by the Department of Agriculture, with
oversight by the Department of Public Health, and
involves training local villagers to produce their own
micronutrient-rich foods.

Knowledge gaps

The work group recommended that research pri-
orities focus on applied and operational questions,
such as the following:

¢ What is the basic infrastructure required to im-
plement food-based strategies?

e Where such a basic infrastructure does not now
exist, how can it best be developed?

o How can existing infrastructures be better used?

¢ How can existing infrastructures for food-based
strategies be augmented by supplementation and
fortification strategies?

Other areas for further research and development

include the following:

e Develop conceptual models, particularly for
maternal and infant-feeding practices, that
define micronutrient requirements for vul-
nerable groups and how to meet those require-
ments in different scenarios. These models can
be accompanied by guidelines for national
planners, adapting the models to local situa-
tions. Models should include information on lo-
cally available foods rich in micronutrients, the
bioavailability of such foods, and preservation
methods for those nutrients.

¢ Develop methods to increase policymakers’ un-
derstanding of the cost-effectiveness of a food-
based strategy, particularly the small quantities
of micronutrient-rich foods actually needed and
the small plots of land needed to grow adequate
supplies of such foods (e.g., household-level
production of vitamin A-rich foods).

o Simplify educational messages and approaches
into a limited number of easy steps with specific
actions, so that they can be easily tailored to a
variety of populations.

o Specify the technical and logistic support re-
quired for agricultural programs designed to in-
crease the micronutrient content of foods.

¢ Document food-based strategies (such as
backyard vegetable gardens) that have increased
micronutrient intake.

* Analyze successtul food-based strategies (in-
cluding those initiated by nongovernment or-
ganizations) that spread horizontally from
village to village or vertically from small
projects to national programs. An understanding
of these processes might help in the design of
other programs to control malnutrition
problems. Micronutrient deficiencies that most
frequently occur in pockets may be best ad-
dressed by local programs that extend to larger
populations.

IMPLEMENTATION OF
COORDINATED STRATEGIES

As these summaries indicate, coordinated
strategies for controlling micronutrient malnutrition
are technically feasible. In the area of information
collection, coordinated surveys with simultaneous as-
sessment of clinical and biochemical indicators of
multiple micronutrients are feasible. Dietary as-
sessment can also be used for vitamin A, iron and
other micronutrients, as well as for additional dietary
factors such as energy and protein. Furthermore, be-
cause target groups of concern (e.g., infants, children
at school entry and women of childbearing age)
overlap, they may prove a useful focus for exami-
nation of multiple micronutrients.

Multiple fortification is also possible using vehicles
such as salt {fortified with iron and iodine), processed
rice and sugar (fortified with vitamin A and iron), and
citrus drinks and cookies for schoolchildren. Sup-
plementation efforts can be integrated with existing
delivery systems such as maternal and child health
programs, primary health care programs and the Ex-
panded Programme on Immunization.

Food-based strategies have also proven effective in
addressing multiple micronutrient deticiencies. The
best examples have been community-based programs
that recognize local micronutrient problems and
potential local food sources. These programs have
included a nutrition and health education component
designed to change food consumption patterns, to.
improve food preservation and preparation practices,
and tu link income-generating activities with food
production activities.

After discussing the strengths and weaknesses of
coordinated control strategies, workshop participants
concluded that pilot projects are needed to test some
of these strategies. The group acknowledged many
unanswered questions, but stated that sufficient tech-
nical knowledge exists to support an international
control effort. Technical expertise alone was deemed
insufficient, however, to ensure success. A well-
designed, coordinated control strategy requires strong
political commitment and a supportive infrastructure.
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It was acknowledged that independent expert
groups, international agencies and nongovernmental
organizations advocating increased cffort to address a
particular micronutrient (be it iodine, vitamin A,
iron, etc.) must work closely together and with in-
dustry to implement coordinated strategies. Likewise,
there must be clear and frequent communication
among policymakers and health werkers at all
levels—international, national and local—to ensure
commonality of purpose. It is also critical to involve
industry in planning and implementing fortification
and food-based control activities. Only through con-
certed effort in both the technical and the political
arenas can coordinated control of micronutrient mal-
nutrition be achieved.

Three specific suggestions for improving coordi-
nation among policymakers, technical experts and
health professionals are summarized below.

National coordinating bodies. Strong political
support is needed at the national level to facilitate
technical progress i micronutrient control. Estab-
lishment of some type of national coordinating body
was suggested for each country interested in initiating
or strengthening its program against micronutrient
malnutrition. This body should involve relevant
parties in all stages of program planning, from in-
ception through evaluation, so that they are able to
advocate for improved micronutrient status. The
group should include representation from technical
experts in public health, social science, food tech-
nology and communications and should represent all
interested sectors (e.g., industry and consumers). It is
important that such coordinating bodies involve
ministries of planning, interior, agriculture, education
and public health, along with universities and the
private sector, and be linked to a well-developed na-
tional plan of implementation.

The organizational structure of this policy-setting
body would vary from country to country, depending
on existing structures and philosophies. One possible
structure would consist of a national nutrition com-
mittee  with  subcommittees  for  specific
micronutrients. In the Philippines, such a structure
was organized by the Department of Public Health.
Persons at several levels are involved, including the
governor and officials at the provincial, district and
community levels. Indonesia has a similar structure: a
committee on nutrition improvement and subcom-
mittees on iodine deficiency disorders and family
nutrition improvement. The Ministry of People’s
Welfare coordinates micronutrient intervention as
part of an overall family nutrition improvement
program, which involves several government sectors
with complementary roles and active community par-
ticipation. Plans consistent with the country’s overall
national development have been developed. These
plans emphasize three goals: equitable distribution of
development and its benefits, accelerated economic
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growth and political stability. In Thailand, food and
nutrition programs are also planned in the context of
broad national economic and social development
goals. Preparation and implementation of these plans
has increased awareness at all levels of the important
link between nutrition and socioeconomic status.

Information network. The workshop participants
recognized the need for close communication among
all parties involved in controlling micronutrient defi-
ciency including policymakers, government officials
and staff, medical personnel, industry representatives
and consumers. An effective micronutrient infor-
mation network is needed to ensure the ongoing ex-
change of technical information that is consistent and
accurate.

Technical exchange and training. Participants
recommended continued interchange on new tech-
nical developments toward the elimination of
micronutrient deficiencies. They suggested that
mechanisms be established to ensure continuous
sharing of new technical knowledge (e.g., through an
information network, additional technical workshops,
newsletters and manuals). Conferences on specific
technical issues could be sponsored by interested
agencies or organizations. Participants also identified
the need fo: additional training and technical as-
sistance for health professionals that will enable them
to analyze problems in their own countries and de-
velop appropriate control strategies.
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The effect of endurance training on hematological status has received much attention in
the sports medicine literature because of concern that abnormalities may impair athletic
performance. The initial emphasis was on the progressive decline in circulating
hemoglobin concentration which commonly occurs in the early stages of an intense
training program. This so-called sports anemia is discussed by Drs. Selby and Eichner
in the present issue. Because iron deficiency is a common cause of anemia, interest in
sports anemia has focussed more recently on the influence of conditioning on laboratory
indices of iron status, changes that can be as dramatic as the alterations in red cell
measurements. The present review is concerned with the effect of aerobic conditioning
on iron metabolism. The iron status of the highly trained athlete wiil be reviewed and the
alterations in iron balsince will be discussed in relation to their possible cause. The extent
to which impaired iron status influences athletic performance will be presented together

with recommendations for their prevention.

EARLY EFFECTS OF ENDURANCE TRAINING

lLaboratory measurements of iron status undergo significant changes within a few days
of beginning an intense conditioning program. These changes occur with various types
of conditioning but are particularly evident with distance running. Because of the greater
vulnerability of the adolescent to iron deficiency, several studies have been performed in
high school students. In eight female cross-country runners, the serum iron, transferrin

saturation, and erythrocyte protoporphyrin all changed in the direction of iron deficiency
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during an eight week training program but returned to baseline when the running season
was over (22). These changes were associated with an 9% decline in hemoglobin
concentration during the first week which then slowly reverted to preseason values with
continued training. In a similar study, 12 out of 20 adolescent female runners who were
not given iron supplements had no change in iron status as measured by serum ferritin
whereas the remaining eight girls developed iron deficiency defined as a serum ferritin
<20 pug/L when examined five or ten weeks after beginning a conditioning program (39).
In those that developed iron deficiency, it was estimated that iron stores had fallen by 192

mg of iron representing an additional daily iron loss of 2.7 mg.

Adolescent males are less frequently iron deficient and are likewise less susceptible to
the development of iron depletion with training. When examined at the beginning of a
competitive season, only one of 30 male cross-country runners were iron deficient based
on a serum ferritin <12 pg/L. as compared with eight out of 20 females (48). After 11
weeks of training, three additional males and one female became iron deficient giving an
overall prevalence of 17 and 45% in male and female runners, respectively. There was
also a lesser decline in mean serum ferritin in males from 29 to 24 ug/L as compared with
a fall from 26 to 14 ug/L in the females. Iron deficiency anemia was not observed in this
study and was also uncommon in a study by Nickerson and colleagues who observed
that 34% of female and 8% of male cross-country runners in the 15 to 18 year age group

developed a low serum ferritin and transferrin saturation during the running season (40).
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The susceptibility of distance runners to iron deficiency occurs with other types of
endurance training. The effects of a particularly intense training program involving eight
hours daily of isometric and isotonic physical activities was examined in 8 females and
11 males (32). Ferritin levels decreased by 50% in both sexes after four weeks of training
and remained low for the remainder of the seven week training period. Significant
changes were also observed in serum iron and total iron-binding capacity (TIBC) and two
of the females developed iron deficiency anemia. Negative iron balance also occurs with
vigorous weight training. In 12 healthy untrained males who underwent a strength-training
program for eight hours weekly for six weeks, the mean serum ferritin fell from 75 to 49

Hg/L reflecting a highly significant 35% decrease in iron stores although the serum iron

and transferrin were not affected (52). Swimmers are less affected by intense training. In
a study by Rowland and Kelleher (50), the iron status of 30 high school students was
assessed at the beginning and end of a competitive swim season. Iron depletion defined
as a serum ferritin <12 ug/L was detected in one-half of the girls at the outset but in none
of the boys. The serum ferritin levels did not change significantly from the beginning to
the end of the swim season leading the authors to conclude that non-anemic iron
deficiency is highly prevalent in the female high school swimmer but that it is unrelated

to training.

The susceptibility to iron deficiency is reduced with less rigorous aerobic training. In 24
women participating in a 35 minute exercise class on four days each week (2), a slight,

but significant, decline in mean serum ferritin from 31 to 25 ug/L was observed after 13



Page 5

weeks although no changes in serum iron or TIBC were observed. A modest 25%
decrease in serum ferritin was reported in a group of college aged women participating
in @ moderate aerobic exercise training program (27) and similar changes were reported
in 47 previously sedentary women (30). These studies indicate that the risk of iron
deficiency is less with moderate training programs but some reduction in storage iron is

cemmon.

There is no evidence of an acute effect on iron status when conditioned athietes
participate in an intense prolonged competition although a decline in circulating
hemoglobin concentration is often reported. Twelve male marathon runners who had
completed at least two marathon races within the previous year were evaluated during
a 20 day, 320 mile road race (15). Although the pre-race hemoglobin fell from 160 g/L to
134 g/L at the end of the race, the serum iron level actually increased after 48 hours and
remained elevated for the remainder of the competition. The mean hemoglobin also fell
from 151 to 140 g/L in 15 professional male cyclers during a 20 day road race but there
were no associated changes in serum iron, TIBC, or serum ferritin (5). In another study,
the serum ferritin increased in 110 well-trained runners participating in a 20 day
competition (S5). Although iron balance in the highly trained athlete is not affected acutely
by intense prolonged aerobic effort, there is some evidence that iron stores decline with
successive seasons of training. When measurements were performed in mid-season in
28 elite Canadian athletes on two successive years, a significant fall in serum ferritin from

48 t0 24 pg/L was observed in nine female synchronized swimmers and from 94 to 72
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ng/L in six male speed skaters (45). In another study, a trend to decreasing serurm ferritin

levels in female collegiate field hockey nlayers was observed when monitored over three

successive years of play (14).
IRON STATUS OF CONDITIONED ATHLETES

The long-term effect of endurance training on iron balance is best determined by
examining the iron status of highly conditioned athletes. There are numerous reports that
address this topic but their interpretation is hampered by the wide variation in laboratory
criteria of iron deficiency. The most reliable studies are those based on serum ferritin
measurements but even with this one parameter, the cut-off level used to define iron
deficiency have ranged from 12 ng/L used in most clinical reports to as high as 40 pg/L
(34), a criterion that would classify most women in the reproductive age as iron deficient.
The results of studies published prior to 1988 have been tabulated in a comprehensive

review (37).

In a group of highly trained athletes, serum ferritin measurements were significantly lower
in runners than elite rowers or professional cyclists (16). Many other studies have
confirmed that iron stores are often reduced in distance runners although evidance of iron
deficiency is uncommon. In one detailed study, the serum ferritin averaged only 33 pg/L
in 41 trained male runners averaging 12 to 14 km daily, as compared to 73 pg/L in 36V

male controls (p<0.001)(43). In 43 elite male runners between 20 and 46 years of age
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who ran 10 to 20 km daily for many years, none lacked hemosiderin in the bone marrow
or had serum ferritin values <12 pg/L although two of the men had only trace hemosiderin
on bone marrow examination and serum ferritin values <20 1g/L. Many other reports
indicate that iron stores are significantly lower in distance runners (8,18,26,42,62)
although not all authors agree. Serum ferritin measurements in 72 elite male runners and
48 non-running controls were nearly identical with mean values of 56 and 60 png/L,
respectively and these results were little affected by excluding those taking iron
supplements (1). In females, the mean serum ferritin was actually higher in runners than
in controls, 26 ug/L vs 21 ug/L, respectively. When women who were not taking iron
supplements were excluded, the mean serum ferritin of 15 pg/L was the same in both
groups. Interestingly, one-third of the 35 male runners and two-thirds of the 37 female
runners in this study were taking a daily iron supplement containing at least 18 mg iron.
The authors concluded that the iron status of distance runners does not differ appreciably
from the population as a whole. The same conclusion was reached from studies of the
prevalence ci iron deficiency in female intercollegiate athletes participating in a variety of
sports (44). At the time of the initial evaluation, iron deficiency affected 31% of the
athletes and overt anemia was identified in 7%. However, the prevalence was not
statistically different from that observed in 66 non-athiete controls of whom 46% were iron

deficient and 9% were anemic.

The balance of evidence therefore indicates that most distance runners have some

reduction in iron stores as compared to sedentary controls but that iron deficient
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erythropoiesis or anemia is uncommon. lron deficiency is relatively common in those with
high physiological iron requirements such as high school and collegiate female athletes
but the prevalence is not convincingly higher than controls of similar age. Future studies
of the prevalence of iron deficiency in the highly conditioned athlete will become

increasingly difficult because of the widespread use of iron supplements.

CAUSES OF NEGATIVE IRON BALANCE WITH ENDURANCE TRAINING

There has been much discussion about factors that could explain negative iron balance
with endurance training and the topic has been addressed in several recent reviews
(25,37,47,65). That negative balance does occur has been demonstrated convincingly by
radioiron studies in eight male elite runners with latent iron deficiency based on reduced
or absent bone marrow iron stores (18). The runners were aged 24 to 32 years and had
been training for at least five years. Body iron turnover was measured over several
months by monitoring the decline in whole body **Fe activity with a whole body counter.
The biological half-life of iron in the runners was estimated at 1000 days, appreciably
shorter than values of 1300 and 2100 days in female and male controls, respectively.
Since the red cell incorporation of radiciron in the runners was normal (mean 78%), it can
be assumed that the accelerated loss of radioiron in these elite athletes was due to a

higher rate of blood loss.
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There are several reports suggesting that acute (13,26) or chronic (26,33,43,52,56)

intravascular hemolysis is associated with intense exercise. Because intravascular
hemolysis increases the formation of hemoglobin-haptoglobin complexes which are
removed by hepatocytes, it has been suggested that the exercise-related changes in iron
measurements are due to a shift in body iron stores from the reticuloendothelial
compartment to the liver parenchyma resulting in a fall in serum ferritin and reduction in
stainable iron on bone marrow examination (24). While this mechanism might account for
some of the changes in iron status during the first few weeks of endurance training, it is
unlikely that a long-term disparity would exist in the distribution of storage iron between

the parenchvmal and reticuloendothelial compartment.

There is convincing evidence that blood loss from the gastrointestinal tract is an important
cause of negative iron balance in distance runners (35,36,40,46,62). Qualitative tests for
fecal occult blood used in earlier reports have been supplanted by more precise
quantitative estimates of fecal hemoglobin concentration (54). In one study, the mean
fecal hemoglobin concentration was 0.99 mg/g in controls compared with 1.04 mg/g in
24 runners prior to a race and 3.96 mg/g following a race of 10 to 42 km (62). Twenty of
the 24 runners had significantly increased fecal hemoglobin levels, 7 had values
consistent with 3 ml blood loss and one was estfmated to lose 43 ml of blood daily on two
successive days. In a later study, the mean fecal hemoglobin content increased in 28
marathon runners from 1.02 to 1.48 mg/g following a race and the increase was twice as

high in 13 runners who had taken analgesics before the race (46). These authors

f.} ;
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concluded that marathon running was associated with a clinically insignificant increase
in fecal hemoglobin although it could become important in those using analgesic drugs
regularly. Nickerson et al. (40) studied fecal hemoglobin levels in 13 high school cross-
country runners and found that out of 90 stool specimens in 20 females, 14 contained
more than 4 mg/g whereas only one out of 61 specimens from 13 male cross-country
runners contained over 4 mg/g. Although the increase in fecal hemoglobin before and
following a competitive athletic event was not statistically significantly, the authors
concluded that iron deficiency in the adolescent runner is associated with increased
intestinal blood loss. The cause of the bleeding has not been identified but several
theories have been forwarded. Transient gut ischemia is the most likely explanation
because of the marked 80% decrease in splanchnic perfusion associated with exercise
(7,62). Other explanations include erosive gastritis, trauma due to repeated impact on the
bowel wall, and the common use of platelet-inhibiting analgesics by distance runners.
While these various studies suggest that some increase in fecal blood loss may occur
following intense prolonged activity such as a marathon race, there is less clear-cut

evidence that fecal blood loss is increased during maintenance training.

The evidence for other pathways of iron loss in the conditioned athlete is not convincing.
Microscopic hematuria was detected in 18% of marathon runners in the three days
following a race and one specimen contained gross hematuria (58). So-called foot strike
hemolysis resulting in hemoglobinemia and hemoglobinuria is commonly cited as a

possible cause of accelerated iron loss (26,33,43) and a similar phenomenon has been
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demonstrated with competitive swimming (56) and weight training (52). However,
measurements of urinary iron loss in the conditioned athlete have shown only a modest
increase. For example, Magnusson et al. reported a mean iron loss of 0.18 mg/24 hours
in 11 elite runners, less than two-fold higher than values in historical controls (33).
Several authors have mentioned the possibility of accelerated iron loss in sweat with
intense conditioning but this was not confirmed in a meticulous study in 11 healthy men
by Brune et al. (4). When iron contamination of the skin and iron loss from desquamated
cells was reduced to a minimum, a very low iron loss averaging 22 ug/L sweat was
reported as compared to much higher values described in previous studies. The authors
concluded that variations in the amount of iron lost in sweat have a limited contribution

to the variation in total body iron loss.

The modest increases in iron loss in feces, urine, or sweat could account for some
reduction in storage iron in distance runners but do not adequately explain the acute
changes in laboratory iron parameters during the first few weeks of an endurance training
program. One explanation for the early changes is a shift of iron from stores to an
expanding red cell compartment. Endurance training causes a marked increase in plasma
volume but there is also an increase in total red cell mass. In one study, the total
hemoglobin mass was 20% greater than in controls despite a fall in circulating
hemoglobin concentration (3). An increase in muscle mass associated with some forms
of conditibning such as weight training, will also increase tissue iron requirements. In

many respects, the changes in iron metabolism associated with endurance training

-}
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resemble those in pregnancy: dilutional anemia with an expansion in red cell mass, a
decline in iron stores that may progress to iron deficient erythropoiesis, and a prompt

reversal of negative iron balance following delivery or cessation of training.

It has been suggested that impaired absorption of dietary iron contributes to the negative
iron balance with endurance training. When radioiron absorption of inorganic iron (ferrous
sulfate) an.d hemoglobin was measured by whole body counting (18), mean absorption
of inorganic iron was 16.4% in eight long-distance runners as compared to 30% in eight
male blood donors. The absorption of hemoglobin iron was also slightly lower in runners
(13.5%) as compared to blood donors (17.8%) but in neither case was the difference
statistically significant. While this report is commonly cited as demonstrating impaired
absorption in the distance runner, iron absorption is highly correlated with iron stores (10)
and the difference could be explained by a greater degree of iron deficiency in the blood

donors.

Several authors have suggested that dietary factors contribute to the development of iron
deficiency with endurance trzining. Because iron intake is closely linked to caloric intake,
total iron intake is expected to be higher in athletes because of their greater caloric
expenditure. However, the type of dietary iron ingested may be important. Because heme
iron is absorbed by an independent pathway and not inhibited by dietary factors, meat
consumption is a key dietary determinant of iron status (39). Snyder et al. studied female

runners who were carefully matched for age, aerobic capacity, miles run per week, and
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number of pregnancies and observed a significantly lower mean serum ferritin of 7 pg/L
in those consuming a vegetarian diet as compared to 20 pg/L in those consuming ample
quantities of red meat (60); Seiler et al reported similar findings (55). In another report,
when the food intake records of iron deficient and iron replete runners were compared,
total iron intake was similar but the iron deficient runners (mean serum ferritin 15 pg/L)
had a significantly lower heme iron intake than iron replete athletes (mean serum ferritin
65 nug/L) (66). These studies indicate that a vegetarian diet is a significant risk factor for
iron deficiency in distance runners. Other authors have suggested that the endurance
athlete consumes a high fiber diet that may impair the absorption of nonheme iron.
However, recent studies have shown that with a varied diet, differences in the
bioavailability of nonheme iron have little effect on absorption from a complete diet when

the serum ferritin is >12 pg/L (11).
THE RELATIONSHIP BETWEEN IRON STATUS AND ATHLETIC PERFORMANCE

The extent to which exercise-induced changes in iron status influence athletic
performance has been debated extensively. There can be littie doubt that iron deficiency
severe enough to cause aneimia diminishes exercise capacity and reduces VO, max (67).
In re'gions of the world where iron deficiency anemia is highly prevalent, the Iiablilities
associated with the anemic state have been clearly demonstrated. In 75 tfemale tea estate
workers in Sri Lanka who had hemoglobin values ranging from 61 to 159 g/L, dramatic

differences between groups with the lowest and highest hemoglobin concentration were
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observed in total treadmill time (10 vs. 18 minutes), percentage reaching the highest work
load (0 vs. 100%), and post-exercise lactate levels (23). Even a modest hemoglobin
reduction between 110 and 119 g/L was associated with a 20% decrease in work
tolerance as compared to non-anemic controls. The relevance of these findings in relation
to the conditioned athlete is difficult to assess because their decréase in hemoglobin
concentration is usually due to an expanded plasma volume. In one study, running
speeds were maintained despite a decline in meén hemoglobin from 160 to 134 g/L
during a 20 day road race suggesting that this sports anemia does not impair athletic
pérformancé (15). Most reports indicate that true iron deficiency anemia is'uncommonAin

the endurance athlete.

A more difficult question is whether a reduction in tissue iron can reduce performance by
affecting metabolic pathways dependent on iron containing enzymes. Evidence supporting
an effect of tissue iron deficiency independent of anemia was published in the classic
study by Finch et al. (19), who demonstrated that severely iron deficient rats had
markedly impaired treadmill running times even though their hemoglobin was increased
to normal by exchange transfusion immediately prior to testing. In one group of animals,
oral iron appeared to correct the defect in treadmill performance before significant
increase in hemoglobin concentration occurred. However, attempts to demonstrate a
similar defect of tissue iron deficiency in human subjects has not been successful. Celéing
et al. (6), induced iron deficiency in nine healthy male subjects by repeated phlebotomy

during a nine week period. After raising their hemoglobin concentration to normal by re-
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transfusion, the mean endurance running time was 51.7 minutes as compared to 49.1
minutes in a control group, indicating no effect of tissue iron lack. No significant changes
in maxihal activities of several enzymes assayed in muscle biopsy specimens were seen.
The reason for the disparity between findings in laboratory animals and humans is not

clear but it may relate to the severity and duration of the induced iron deficie'ncy.

One way of defining the possible limitations of iron deficiency on athletic performance has
been to assess the effect of iron supplementation (5,15,21,27,31,38,41,44,49,53,56,64).
In most reports, iron has not been beneficial. For example, Schoene and coworkers
observed no increase in exercise performance when a group of trained female athletes
with marginal iron deficiency were given two weeks of iron therapy although the blood
lactate level at maximum exercise did increase significantly (53). Similarly, performance
did not improve when 100 female intercollegiate athletes participating in a variety of
sports were given oral iron (44). In 40 female endurance runners with mild iron deficiency,
no improvement in various tests of physical work capacity occurred with eight weeks of
iron supplementation despite a dramatic three-fold rise in mean serum ferritin (38)
indicating that reduced iron stores, as defined by a sérum ferritin <20 pg/L, do not pose
a handicap to physical work capacity. When eight weeks of oral iron or placebo was given
to 31 female athletes with an initial serum ferritin <25 ug/L, no improvement in VO, max
or exercise-induced blood lactate concentration was observed despite a significant

increase in hemoglobin concentration in those given iron (21).
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Other workers have reported some improvement in endurance performance following iron
administration. In a randomized, double-blind study in 14 non-anemic female runners with
mild iron deficiency (serum ferritin <20 pg/L) full therapeutic doses of iron elevated the
serum ferritin from 9 to 27 pg/L (49). Treadmill endurance time declined in all seven
controls whereas six of the seven given iron improved their performance. No differences
in maximal or submaximal oxygen consumption, ventilation, or heart rate were observed.
Other reports indicate a marginal benefit even when the participants were more iron
deficient at baseline. When the effect of daily iron supplements in 13 women was
compared to 15 women g.ven a placebo during an intensive seven wéek training program,
a highly significant rise in hemoglobi.n concentration was seen in those given iron whereas
two-thirds of the placebo group had serum ferritin concentrations <10 pg/L at the end of
the training period (31). An increase in VO, max was seen at the end of the. first three
weeks in those given iron but no differences were observed at the conclusion of the six
week trial. Thus, despite significant improvement in iron status measurements, a benefit

of oral iron was demonstrated only during the early stages of the training program.

The question of whether athietic performance is improved by giving iron to those with mild
iron deficiency without anemia is beset by problems in the laboratory identification of mild
iron deficiency which are further magnified by the dilutipnal anemia which accompanies
endurance training. The identification of milder forms of iron deficiency will be facilitated
in future studies by measurement of the soluble truncated form of human transferrin

receptor in human serum (12,20,57). The serum transferrin receptor reflects the total
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mass of tissue iron and is thereby elevated with either tissue iron deficienc.y or increased
red cell production. Controlled phlebotomy studies in normal volunteer subjects have
shown that the serum receptor begins to rise at the point that iron stores are fully
exhausted and continues to increase in proportion to the induced déficit in tissue iron
(69). Because the serum transferrin receptor increases with enhanced erythropoiesié, a
rise in the early period of endurance training may be due to an expanding red cell mass.
However, in the highly conditioned athlete, the serum transferrin receptor should provide
a more useful quantitative measure of latent iron deficiency than is available with existing
iron measurements. The use of this measurement may be helpful in identitying a subset

of distance runners with low serum ferritin who might benefit from iron replacement.
RECOMMENDATIONS

The protracted use of iron supplements by individuals who are not deficient in iron must
be examined in the light of mounting concerns about the possible adverse effects of
elevated body iron stores (28). The most important concern relates to hereditary
hemochromatosis which is one of the most common autosomal recessive diseases in
populations of Northern European descent. It is estimated that approximately 10% of
Caucasian populations carry a single iron loading gene and that 0.3% to 0.5% of the US
population are homozygotes (17,29). A significant but unknown proportion of these latter
individuals develop irreversible damage to the heart, liver, joints, and other body tissues

in midlife that can be fatal without early treatment. While extended use of iron
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supplements does not cause this disease, it undoubtedly accelerates the development
of clinical manifestations. Of potentially greater concern is that genetically normal
segments of the population with higher iron stores may be at increased sk of common
and serious disorders such as cancer (61), stroke (63), and coronary heart disease (51).
If confirmed, the extended use of iron supplements without laboratory evidence of a

continuing need for iron is clearly inappropriate.

The prevalence and severity of iron deficiency in those engaged in endurance training
provides little support for the widespread use of iron supplements. Except in the
occasional athlete who develops iron deficiency anemia, there is no apparent benefit to
athletic performance of improving iron status. It is preferable to meet the modest increase
in iron demands in distance runners by maintaining an adequate dietary intake of heme
containing foods such as chicken, fish, and beef. Laboratory screening for iron deficiency,
especially in athletes who experience a decrease in performance, is preferable to routine
iron supplementation. Iron supplements should be used only if iron stores are markedly
reduced as defined by a serum ferritin <20 pg/L. The one possible exception is
adolescent females who are highly susceptible to iron deficiency and might benefit from

a supblement of 18 mg iron daily during the competitive running season.

N
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SUMMARY

The early weeks of intense aerobic training are associated with a moderate decrease in
body iron reserves. The development of iron deficient erythropoiesis or iron deficiency
anemia is uncommon except in adolescent girls who are highly susceptible to iron
deficiency. The early effects of aerobic training on iron status are best explained by a
mobilization of storage iron required for an expanding red cell and muscle mass. Qvert
iron deficiency in the highly conditioned athlete is unusual although some reduction in
storage iron is a common finding. This is best explained by an accelerated blood loss
from the gastrointestinal tract, particularly in those who use analgesics regularly. Most
studies have failed to demonstrate any improvement in athletic performance with oral iron
supplementation, especially if the baseline serum feritin is >12 pg/L. The modest
increase in iron requirements in some distance runners is best offset by an adequate
intake of dietary heme iron. Because of the possible adverse effects of an excess in body
iron, laboratory screening to identify iron deficiency in susceptible individuals or those who
experience a deterioration in athletic performance is preferable to the extended use of

iron supplements.
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EXECUTIVE SUMMARY

Previous studies have shown that anaemia is a public health problem in
Grenada. An islandwide anaemia survey of that country was conducted in 1985-86.
The results of the study showed that anaemia and iron deficiency were serious
problems throughout the entire population. The prevalence of deficient plasma ferritin
levels indicating no iron reserves was as high as 62% in some population groups.

Iron supplements or iron fortified foods have been found to be cost-effective in
raising haemoglobin levels of iron deficient populations resulting in increased
productivity.

Studies have shown that wheat flour and wheat products are the principal
contributors to energy and protein among most Caribbean populations. In the'case
of Grenada, wheat flour is the staple food for the population and would thus be a
logical choice as a vehicle for iron fortification.

In Grenada, wheat is imported and is milled locally at a central location. Baking
flour which is used in the baking trade, and for home use, is fortified with iron and B-
complex vitamins. Thirty-seven milligrams of iron per kilogram of baking flour is
used. The counter flour which is sold for home use and mainly in rural areas in
Grenada is not fortified with iron or B-complex vitamins. The ratio of sales of baking
flour to counter flour is 55:45. This means that 45% of the wheat flour (counter),
which is the main source of wheat flour for home consumption, is not fortified with

iron or B-complex vitamins.



The purpose of this study will be to fortify all wheat flour in Grenada with a
suitable type and level of iron, evaluate the impact of the fortification programme and
institute an anaemia monitoring system. This will mean adding 44mg of iron per
kilogram of counter flour. The type of iron added will be ferrous sulphate.

The project will use the nutribusiness strategy. This strategy promotes
indigenous private sector enterprises in food processing, thus enabling these
enterprises to produce higher quality foods. It is a partnership among private
enterprise and governmental organizations. Nutribusiness links nutrition and the
private sector to address well-defined nutritional needs of the population.

The project will last for three years and will be evaluated by sensitive hemato-
logical parameters. The objective of the study is to significantly reduce iron
deficiency in the entire Grenadian population. The evaluation will be based on
analyses of blood samples and questionnaire responses obtained from randomly
chosen households and from antenatals attending clinics in depressed areas.
Government statistics relating to health and productivity will also be used to
determine trends.

This proposal seeks funding of US$56,500 to start the study.



I._INTRODUCTION

Existing data indicate that anaemia exists in all countries of the English-
speaking Caribbean. It is most common in pregnant and lactating women, and in
pre-school children, with country prevalences (using WHO criteria) between 27-100%
and 11% and 76%, respectively.

Severe anaemia, with a haemoglobin concentration in the blood below 8 g/d|,
is found in about 6% of pregnant and lactating women and 11% of pre-school
children in some of the countries.

There are three major causes of anaemia in the Caribbean:

1. Poor nutrition;

2. Specific parasitic infestations; and

3. Haemoglobinopathies.

All three causes are important from a public health point of view, and all three may
interact.

The major (dietary) nutritional cause of anaemia is iron deficiency, probably due
to a low absorption in the intestine and an inadequate dietary intake. A dietary
deficiency of folate is sometimes also responsible. Changes in food habits of some
sections of the population are associated in some instances with a deficiency of
vitamin B,,. This appears to be currently a minor problem in the English-speaking

Caribbean, but it could increase.
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Hookworm and whipworm (trichuris) are the two main parasites associated with
anaemia. Infestations of hookworm are isolated in certain areas of the population.
The major haemoglobinopathy causing anaemia is sickle-cell disease [1-11].

In 1972, a nutrition survey was conducted in the village of La Poterie in
Grenada. Anaemia was found to be a problem in all ages studied in the survey.
Thirty-eight percent of pre-school age children, 65% of scrool-age children, 22% of
adult males, and 49% percent of non-pregnant, non-lactating females were found to
be anaemic by the World Health Organization (WHQO) standards. Low serum iron
and folates were found in the pre-school age children and adult females [12].

Another study conducted in 1976 indicated that 51% of ante-natals were
anaemic, according to suggested WHO haemoglobin standards. Eighteen point five
percent of pre-school age children had haemoglobin levels below 10.5% g/dl [13].
The WHO recommended haemoglobin standard for pre-school age children is 11.0
g/dl [4].

Most recent data obtained from health clinics showed that of the 400 women
assessed prenatally, 234 (58.5%) had haemoglobin levels below 11 g/dl in 1983, and
in 1984, of the 479 women tested, 353 (73.7%) had low haemoglobin levels, i.e.
below 11 g/dl [15].

The Government of Grenada is concerned about the poor performance of its

students on the CXC Examination. Questions have been raised about the possibility
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of iron deficiency contributing to the poor school performance of Grenadian school
children.

In 1985, two females died of post-partum haemorrhage, which could be caused
from anaemia. Because of the fear that anaemia could be a major public health
problem in Grenada, the Government of Grenada requested that the Caribbean Food
and Nutrition Institute (CFNI) study the problem of anaemia in Grenada and develop
a programme for its control.

As a first step, a population survey of iron status was planned. The variables
to be studied were demographic, social, dietary, parasitic and haematological. ‘The
blood tests were haemoglobin, hematocrit, sickling, and serum ferritin. Qualitative
counts of parasites in stool samples were done by CAREC. The dietary data
concentrated on frequency of consumption on iron-rich food, enhancers and inhibitors
on iron absorption, and possible vehicles for iron fortification.

The sample was statistically representative, with sub-samples of pregnant and
lactating women. The study was conducted in November 1985.

In summary, the findings were that anaemia was widely prevalent in all ages
and gender groups ranging from a low of 14% in young men to a high of 74% in
pregnant women. The next most vulnerable groups were children aged 0-5 years
(with a peak of 12-24 months) and lactating women. Serum ferritin results
demonstrated an almost universal lack of iron stores, pointing to iron deficiency as

a significant aetiological factor. SS haemoglobinopathy was found to be present in
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0.5% of the sample, and 15% had an AS genotype. Hookworm was found in 6% of

the stool samples. Although other parasites were found, the load was not considered
to be sufficient to be a cause of the anaemia demonstrated [16].

The qualitative pattern of the diet was satisfactory, enhancers of iron absorption
were consumed often and inhibitors rarely. However, quantitative data on the diet
were not collected.

In June 1986, a workshop on the Grenada Anaemia Survey was convened to
discuss the results of the survey and to develop a strategy for the control of anaemia
in Grenada [17].

The participants at the workshop were divided into five working groups and
were requested to work out a simple, workable strategy. The groups recommended
specific procedures to improve supply management, supplementation programmes,
haemoglobin screening, education, and fortification. It was recommended that all
flour be fortified and that the effectiveness of such a programme be evaluated by the
initial blood samples and the subsequent monitoring of blood samples every six
months, up to two years. (7]

After the workshop, considerable work was done on the control of anaemia in
pregnant women and pre-school age children. In pre-school children regular adminis-
tration of iron is difficult. In pregnant women supplementation maintains the iron

status but does not correct the initial deficiency. However, to reach the entire
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population other approaches must be considered. The fortification of wheat flour in
Grenada should reach this objective.

Wheat flour has been fortified with iron in numerous countries around the world.
Some countries have had these fortification programmes for as long as forty years.
However, the fortification of wheat flour with iron has never been evaluated on a
national scale.

The nutribusiness concept could be the vehicle to ensure a constructive and
lasting programme. Nutribusiness links nutrition and the private sector to address
well-defined nutritional needs of populations. Operationally, nutribusiness provides
quality foods and food products at affordable prices through private-sector
approaches. It uses environmentally regenerative production, storage, anq
distribution techniques and avoids pollution and inappropriate or excessive use of
energy and other natural resources. Nutribusiness thus ensures optimal nutritional
quality, safety, and acceptability of foods provided through commercial channels and
in keeping with local cultural and environmental imperatives. The nutribusiness
model addresses "well defined nutritional needs and populations”. When nutritional
needs are specified and target pcpulations carefully defined, it is possible to examine
how needs can be met (Annex 1).

The programme will be implemented by Caribbean Agro Industries Ltd. which
is the flour mill in Grenada. Guidance and suggested levels of fortification will be

provided by the Government of Grenada. The project will be evaluated by Caribbean
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Agro Industries Ltd, The Government of Grenada and the Caribbean Food and
Nutrition Institute (Annex 2).

Once such a programme is implemented and evaluated, it is believed that the
prevalence of iron deficiency anaemia in Grenada should be reduced. It is also
believed that the methodology and experience gained in Grenada would be
applicable and could be used in other Caribbean countries and, possibly, in other

parts of the world. A description of Grenada can be seen in Annex 3.

A,
Wt
AN



HOPEFUL MAJOR BREAKTHROUGHS
The following initiatives and evaluations will be attempted for the first time in

this project:

First Time
1) A Government, a private sector company and an international agency will

collaborate on an iron nutrition project through the Nutribusiness Approach.

First Time
2) The fortification of wheat flour with iron will be evaluated on a national

scale.

First Time
3) The plasma transferrin receptor will be used to evaluate a programme on

a national scale (see section VI).

First Time
4) A costbenefit analysis will be conducted after fortifying wheat flour with

iron.
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Il. FOOD FORTIFICATION

The fortification of foods - the addition of selected nutrients to foods in order to
improve their nutritive value - is a commonly used strategy for improving or
maintaining the nutritional status of a population by increaéing the daily intake of
specific nutrients. The technology for adding nutrients to foods is well developed and
has been used in many countries for many years. Primary examples are the addition
of iodine to salt, vitamin A to fats and sugar, and vitamin C to juices. The most
widely used food fortification technology is for the addition of B-vitamins and iron to
cereal foods such as flour, bread, meals, and pasta. The fortification of wheat flour
with vitamins and iron is presently being used in more than 20 developed and
developing countries. Also, in at least 12 countries that do not produce their own
flour, the imported flour is required to be fortified with vitamins and minerals. The
fortification of foods has been shown to be a simple, effective and relatively
inexpensive way of introducing nutrients, such as bioavailable iron, into the daily diet.

The technology for the fortification of cereal food, such as wheat flour with iron,
involves two major components:

1. The installation and operation of the equipment for adding the nutrient;

a. in reasonable amounts
b. on a fairly regular basis
2. Consumption by those in the lower economic levels, the ones most in need

of the nutrients. Since cereal foods are the primary staple food for so many
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of the world’s population, especially in developing countries, they are the
most frequently selected vehicles for fortification.

II.1 Wheat Flour Fortification in the English-speaking Caribbean

Wheat flour and wheat products are the principal foodstuffs consumed in the
Caribbean, except Guyana. As can be seen in Figure 1, this wheat and wheat flour
is imported from West Germany, the United States, Canada and Puerto Rico. Some
of the pre-ground wheat flour imported into the Caribbean is fortified with vitamins
and iron.

Most wheat flour imported into the Caribbean and ground locally is fortified with
vitamins and iron except in Suriname. These wheat products are fortified at the

following levels:

1. Thiamine - 44 - 55 mgkg
2. Riboflavin - 26 - 3.3 mg/kg
3. Niacin - 35.0 - 46.0 mg/kg
4, lron - 28.0 36.0 mg/kg
5. Calcium - i1 - 1.4 mgkg

Fortification with calcium is optional and is usually not done.

The iron added in both pre-ground as well as locally ground wheat is in the form
of either ferrous sulphate or reduced iron. Ferrous sulphate has a higher bioavail-
ability than does reduced iron of a large particle size. The reduced iron size used

is 44 mu in size. Studies have shown that this large particle size reduced iron is
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absorbed to a limited size. Since wheat provides 17 and 24% of available energy
and 18 to 30% of protein for those Caribbean countries from which information is

available, this produce needs special mention in relation to fortification with iron [18].
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I.2 Present Fortification Programme in Grenada

In the case of Grenada, wheat flour is the staple food of the population. The
amount of wheat flour produced and available on a per capita basis can be seen in
Table 1. This is the logical choice as a vehicle for an iron fortification programme.

In Grenada, presently 99% of wheat flour used is milled locally at the central
location. Both baking flour and counter flour are produced. Baking flour, which is
used in the baking trade and some home use, is fortified with iron, thiamine, riboflavin
and niacin. The iron is added at 37.0 mg/kg of baking flour and is in the form of
ferrous sulphate. Forty-five percent of the flour is counter flour. This means that
45% of the wheat flour (counter flour) which is the main source of wheat flour for
home consumption and probably the flour purchased by the lower sacio-economic
group, is not fortified with iron or B-complex vitamins.

Both baking flour and counter flour are sold in 100 |b. bags to bakeries and
supermarkets. The supermarkets usually divide both wheat flours in 2, 8, 10 or 15
Ib. bags. A two-pound bag of baking flour costs EC$1.66, and a two-pound bag of
counter flour sells for EC$1.56. Baking flour is also sold in five-pound labelled

packets.

1.3 Change in Iron Fortification Programme in Grenada

As part of an iron fortification programme of wheat flour in Grenada, speci-

fications will be established and plans developed with the Grenadian Caribbean Agro
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Industries Limited (The flour mill), to ensure that the form of iron added to all wheat
flour produced in the country be ferrous sulphate.
The wheat flour component of the fortification programme can be viewed both
as:
1. An upgrade of the nutritional value: the change in iron form used in
a food already part of an intervention; and

2. As a new nutrition intervention involving the fortification of counter
flour with ferrous sulphate or electrolytic reduced iron and B-
vitamins.

This intervention will make iron fortified flour available to people who have not
had access to fortified flour.

About 55% of the wheat flour used in the country is baking flour and is produced
at the Caribbean Agro Industries Limited in St. George's, Grenada. The type of flour
currently produced is used in commercial bakeries to produce breads uf all types and
is available for some home use. The flour is fortified with B-vitamins and iron by use
of a specially prepared premix which is added to the flour using typical food
fortification technology. This premix contains enzymes and oxidation materials in
addition to the vitamins and iron. These ingredients are not usually included in
standard premixes. The form of iron used in the premix is ferrous sulphate and is

added at the level of 37 mg/kg of baking flour.
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Although precise costs are not available at this time, preliminary calculations
suggest a slight increase in cost for adding the premix to the counter flour. The
producer has agreed to absorb ine increase in the cost as part of his effort for
improving the nutritional value of the flour.

The remaining 45% of the flour used in Grenada is "counter flour®. This flour
traditionally is used by the majority of the population for general home use and
probably used by the lower socio-economic group, since it is less expensive than the
baking flour. Available information indicates that this flour is not fortified with any
nutrients, including iron, so that the general population which consumes counter fiour
have not been recipients of any added iron in their daily diet through the use of
counter flour. The counter flour should be fortified with B-vitamins and iron. Ferrous
sulphate could be considered as the iron source of choice. A premix for this use will
be much less complicated, ingredient-wise, than that used for the bread flour. Itis
expected that this premix also will undergo a long holding time in the mill before use,
but no problems are anticipated with the use of ferrous sulphate (which is the
standard for comparison) which is available from producers of premises. The cost
to fortify wheat flour with B-vitamins and iron (ferrous sulphate) to current U.S.
standards is about US$0.90 per tonne. The iron level for this fortification would be

44 mg/kg of flour.
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In review, the iron source contained in the premix, used to fortify the wheat flour
produced in the country, should be ferrous sulphate. The required iron level in all
wheat flours should be deiermined regardless of iron source used.

A programme for the iron fortification of counter flour will involve the addition of
iron such as ferrous sulphate in the mill at the time of production. The iron will be
blended into a premix for ease and accuracy of addition to the meal. A level of 44
mg per kilogram of counter flour is suggested. Ferrous sulphate will be used.

The project will be self-sustaining in that Caribbean Agro Industries Ltd. has

agreed to continue the fortification of wheat flour with B-complex vitamins and iron

after the initial project has been completed.
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lll. OBJECTIVES OF THE STUDY

The general aim of the project is to significantly reduce iron deficiency in the
entire Grenadian population through wheat flour fortification. To this end we will need
to have all appropriate monitoring devices in place so that the benefits of the
improved fortification can be observed. Such benefits may relate not only to health
effects but also to worker productivity and academic achievement. Measures in the
latter areas will of necessity be crude but their importance is such that they cannot
be overlooked. Additionally, it will be necessary to look more closely at the high risk
group: antenatals living in depressed areas.

Specific Objectives
1. To evaluate the short term impact of the change in fortification on iron

status, general health and productivity of the entire population by:

a) A survey of households which are a representative of the entire
population.
1) Hematology
2) Food Consumption patterns
3) Socio-economic parameters

b) Analysis of Government statistics.
1) Heaith Parameters
2) Productivity

3) Educational achievement
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2. To evaluate the impact of the change in fortification on the detailed
hematology of pregnant women attending clinics in depressed areas.
1) Hematology
2) Socio economic parameters
3. To improve the country wide surveillance system for monitoring anaemia
and its effects. This system will have the following features:
a) It will identify appropriate indices of productivity that are routinely part of
Government statistics.
b) It will identify appropriate health indicators that are or should be a part
of Government statistics.
c) Itwill ensure that appropriate observations are taken in the hospitals and
clinics and transmitted to the health authorities.
d) It will include a sub-system for the quality control of wheat flour through

random sampling in food retail outlets activities and bakeries.

V. METHODOLOGY

IV.1 Impact of Iron Fortification

The evaluation of the impact of the change of iron fortification of wheat flour
derives from several sources. The first is the improved iron status of a random
sample of households and after the institution of the change in fortification. The

second relates to the measurement of maternal mortality and morbidity. The third

-l
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relates to productivity and academic attainment data collected by the establishment
of an improved surveillance system. These changes will be evaluated for three years

and some of the parameters will be continually meas.ired and evaluated after the

initial three year period of the project.
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Household Survey

The population of Grenada is approximately 97,495 persons. A 1.02 percent
sample will be 1,000 persons. If we assume approximately four persons per family,
250 families will be chosen for the study. However, to allow for families moving
during the study 300 families will be chosen from a random sample of households
chosen by enumeration districts (ED's) from the entire population. A single well-
structured pre-tested questionnaire will be administered to the same households at
the start of the project. The questionnaire will be administered by trained
interviewers. It will focus on age, sex and employment status of household members
and purchasing and consumption patterns.

The questionnaire will contain questions regarding the length of time flour is
held at home before consumption. This would be important to ascertain whether the
fortified flour is used within the designated shelf life. Qualitative food consumption
data will be collected on each of the households. This will be done by asking
questions on which food items are eaten rarely, once or twice weekly, three to seven
times per week, or more than once per day. This should include some measurement
of meat, fish, poultry, legumes, coffee, tea and citrus fruits and or other vitamin C rich
foods. A larder survey may be conducted on a sub-sample of households.

A finger prick blood sample will be taken and the haemoglobin, plasma ferritin,
and the transferrin receptor levels would be determined from each family member

except pre-school age children under six months of age.
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The same questionnaire including information on food consumption and finger
prick blood samples will be collected at the eighteenth and thirty-six month on the
same households.

Pregnant Women

The Government of Grenada has recently completed a study identifying Eco-
nomically Depressed Communities in Grenada. A sample of 200 pregnant women
that are attending antenatal clinics will be chosen from these depressed communities
(See Annex 4). Only those pregnant women who enter the clinics at 16-20 weeks
of pregnancy will be studied. Any woman with sickle cell disease will be excluded
from the study. A questionnaire will be administered which will include name, age,
and gestational period.

A blood sample will be taken and a hemoglobin, plasma ferritin and plasma
transferrin receptor level determined. The blood samples will be taken at the
beginning of the study and will be repeated at 18 and 36 months on ante-natals
attending the same ante-natal clinics.

Other Parameters

The hospital system consists of main multidisciplinary hospital (General
Hospital) in the capital (240 beds), a smaller general hospital in a rural area (40
beds) and a general hospital in Carriacou (32 beds).

Information will be collected on a yearly basis on mortality due to anaemia.

Also in each of the three hospitals the number of patients admitted with a diagnosis



22

of anaemia will be recorded. The cost of treating these anaemic patients particularly
patients admitted who are pregnant, will be recorded. This will include the cost of
maintaining the bed, blood transfusions, etc. This information will be collected on a
yearly basis.

Information will also be collected on a yearly basis to include passes in the CXC
examination, low weight per age of pre-school age children, infant mortality rate,

banana production, cocoa production, nutmeg production and gross national product.

V. ANALYSIS

V.1 Laboratory

The blood samples will be analysed at the Clinical Laboratory in Grenada and
the Iron Nutrition Monitoring Laboratory at CFNI, Jamaica. The Department of
Haematology, Kansas Medical Centre, Kansas City, U.S.A., will serve as a reference
laboratory. A finger prick sample of blood will be collected from each person at the
start. The sample will be taken in a plastic disposable blood collection device by
using a disposable spring loader lancet. Twenty micro-litres of blood will be taken
by Hemocue micro-cuvette and the micro-cuvette put into the Hemocue Photometer.
The haemoglobin will be determined by the Hemocue method [20]. The whole blood
sample will be kept cold and sent to the Central Hospital Laboratory, where it will be
spun at 2,000 r.p.m. for 10 minutes. The plasma will be removed and frozen. The

frozen plasma samples will be hand-carried to CFNI, Jamaica.
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The plasma ferritin and the transferrin receptor level samples will be determined

by the ELISA [21-22].

\}
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V.2 Statistical Analysis

1.

VL

Simple graphical analyses of trends in various Government statistics for
productivity, educational attainment and health. These will include analysis of
retrospective data where possible.
Simple graphical analysis of trends in various haematological measures as
applied to the various sub population groups:

0-5 years, 6-4 (M), 6-14 (F), 15-44 (M),

45 and over (M), 45 and over (F), antenatals.
This will be supplemented by ANOVAs to compare measures before and after
the change in fortification.
An appropriate technique for statistical analysis of quality control data (flour) is
yet to be worked out.
Data on flour consumption will be related to haematological parameters using

correlational techniques.

HEMATOLOGY

Estimating the severity of mild iron deficiency assumes greater importance in

population studies. Earlier surveys relied on single cut-off levels of laboratory

parameters to distinguish normal from iron-deficient segments of a population. Inthe

evaluation of the Health and Nutrition Examination Survey (HANES Il) in the United

States, combinations of measurements were used to define prevalence of impaired
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iron status or iron deficiency anaemia. (23) Another recent approach is to use
algorithms to estimate body iron quantitatively in each sampled individual. (24)
Because of the close correspondence between the serum ferritin and body iron
stores, this calculation is reliable in otherwise healthy individuals if residual iron
stores are present. At the other extreme in patients with overt anaemia, the deficit
in body iron can be estimated quantitatively from the decrease in circulating
haemoglobin concentration. Between these limits, estimating mild deficits in
functional iron is more difficult. In previous report, combinations of the serum ferritin,
transferrin saturation, and erythrocyte protoporphyrin were used to estimate body iron
between the occurrence of storage depletion and the development of anaemia (24).

A recent study has shown that the serum reception level is a reliable index of
early tissue iron deficiency. Of all the measurements examined, the serum receptor
was the most reliable quantitative guide to a deficiency in the functional iron
compartment. Therefore, the iron status of a population could be fully assessed by
using serum ferritin as a measure of iron status, serum receptor as a measure of mild
tissue iron deficiency, and haemoglobin concentration as a measure of advanced iron
deficiency (25).

This could be a major methodological breakthrough. This will be the first time
that the receptor level has been used on a national scale. Hopefully such a sensitive
indicator as the receptor level could be shown to reduce the time necessary to

evaluate an iron nutrition project.
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The haemoglobin, ferritin and receptor levels can be estimated on a finger prick
sample of blood which will greatly facilitate the conduct of the study. Also all these
measurements will be conducted in Grenada and Jamaica and will be the first time

that these two sensitive hematological indicators will be used in developing countries.
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VIl. SURVEILLANCE

A surveillance system will be designed and left in place after the fortification of
counter flour has been evaiuated. The present surveillance system consists of
estimating the haemoglobin level on pregnant women. This system will continue.
From 1985-1988 hemoglobin levels were collected on pre-school age children but
was discontinued because of a lack of hemoglobinometers. Data will continually be
collected on maternal mortality and morbidity, low birth weight infants, weight per age
on infants and pre-school age children, etc. Quality control will be conducted on both
counter and baking flour by Caribbean Agro Industries and the Produce Chemist
Laboratory. (See

Section X. Quality Assurance).

Vill. ECONOMIC JUSTIFICATION OF FORTIFICATION

The end results in food fortification programmes are the improvement in iron
status of the target population, increased productivity and reduced adverse conse-
quences arising from poor iron status. Food fortification is justified when these
positive attributes could be traced to the programme.

Approximately 10% of iron contained in wheat flour is absorbed. Thus 10% of
the known level of iron added per unit wheat flour consumed is expected to enhance
the iron status which in turn would enhance work output. The literature suggests

worker output of between one and two percent is associated with a one percent
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.increase in the Hb status. Among populations with severe iron deficiency anaemia,
supplementation has resulted in increases in Hb status of 25 percent and over (26).
Under such conditions, worker productivity could increase 25-50%.

A series of economically unquantified adverse consequences are associated with
poor iron status. These include maternal mortality and morbidity, poor growth and
development, impaired immune system, reduced learning capacity and lassitude.

At the rate of 44 mg per kg of iron added to the wheat flour and an average per
capita consumption of 0.15 kg flour per person per day, 0.66 mg or iron is expected
to be absorbed. This represents 66% of the iron retention requirement of adult males
and post-menopausal females. Since approximately 55% of the flour consumed is
fortified at 37 mg/kg with iron whose bio-availability is suspect, an additional
contribution of less than 33% is anticipated from the change. This additional
contribution from a single fortified food source could have a significant impact on the
haemoglobin status and thus on worker productivity. The cost of the supplementation
estimated at $0.90 per tonne is negligible while the benefits could be great. Levin
reports studies in which the benefit cost ratios of iron fortification were in the order
of 5-8 in Indonesia, 30-47 in Kenya and 49-79 in Mexico (26). The fortification of
wheat flour in Grenada is intuitively justifiable. This study will test the economic

justification and other benefits of the proposed changes.

IX. MONITORING

\o‘;(u



29

The importance of establishing the efficiency of an iron fortification programme
cannot be over-emphasized. It is seldom possible to measure (he impact of a
fortification programme once it is implemented, and this is particularly true with
respect to iron fortification. In contrast to fortification with nutrients such as niacin,
thiamine, or riboﬂévin, where the objective is to prevent the occurrence of isolated
deficiencies, it is feasible to alter body iron stores of an entire population through
dietary manipulation.

The customary approach to monitoring efficiency is to conduct a pilot study, but
there are several drawbacks to this. During a preliminary trial, the supply of a

fortified food is usual’y ensured whereas, this is not necessarily the case when

implemented on a national scale. Another important limitation of preliminary iron trial ‘

is that because of the inhibiting effect of the diet on iron absorption, changes in iran
status in a population produced by iron fortification occur very slowly, often only after
several years. Pilot studies, therefore, delay the implementation of a fortification
programme and are very costly because of the long duration of the trial.

It is therefore planned to start the study on a national scale and carefully monitor

the population by using very sensitive haematological indices.

X. QUALITY ASSURANCE

During stage one and throughout an iron fortification programme, quality

assurance activities must be carried out to verify the iron content of the fortified

\
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flours. Sampling and testing for iron content and sorting out effect should be carried
out routinely at the mills during the production of the products. The in-plant quality
testing should be the responsibility of and carried out by the companies, since they
have the laboratory facilities and good technical personnel with which to do this. This
will be conducted by Caribbean Agro Industries Ltd.

Samples of products should be drawn periodically from the market shelf by
designated government representatives and analyzed for iron content. This is
needed to verify both the presence of added iron and in the proper amount. These
samples will be analyzed at the Produce Chemist Laboratory, St. George's, Grenada.
This level of quality assurance activity is necessary to ensure that there is a given
level of irun intake each day based on expected consumption. A successful
intervention can be accomplished only when the iron is present in the food on a
continuing basis in the correct amount. Anything less than this could lead to
unsatisfactory results due to lack of proper control rather than a failure of the

intervention itself.

Xl. SAFETY OF FORTIFICATION

The possible adverse effect of adding large amounts of iron to the diet in certain
segments of a population has been discussed frorn time to time and deserves
comment. In reviewing studies in which possible adverse effects of iron have been

reported, it is important to define the rouie of iron administration. When large doses
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of Imferon (iron dextran) were given by deep subcutaneous injection to new born
infants, an increased frequency or fatal septicemia was noted, but it was not clear,
whether this was due to iron or due to the intramuscular injection. There is some
published evidence that the frequency of malaria may increase when full doses of
therapeutic oral iron are administered to a susceptible population.

On the other hand, it must be stressed that no adverse effects have yet been
demonstrated when conventional levels of iron fortification have been implemented
in a population. Homozygotes for the iron loading gene, i.e. idiopathic
hemochromatosis, have been demonstrated to occur in 1:300-500 American whites
but this genetic disorder has never been clearly identified in a black individual.
Countries such as Sweden are continuing to fortify the diet at a level that provides
approximately 40% of dietary iron intake without demonstrable adverse effects.
Therefore, there seems to be little basis for concerns for a fortification programme
that will double the intake of dietary iron even in iron replete individuals.
Nevertheless, because of the lack of information on the maximal consumption of
wheat flour by older children and adults, it is desirable to establish consumption

patterns of this food vehicle throughout the population.

Xll. _TRAINING

Preliminary discussions have taken place for training members of the Grenadian

Food and Nutriton Council. This training will probably consist of the Systems
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Analyst, U.W.l., Mona, Jamaica, in developing a training course for the computer
analyst and members of the council attending training courses in the U.S.A. on
Training for Project Managers. The CFNI Public Health Nutritionist will train all Public
Health Nurses on the use of the Hemocue for determining the haemoglobin level and

the latest techniques for taking blood samples.



10.

11.

12.

13.

33
REFERENCES

Simmons, W.K. Nutritional Anaemia in Jamaica. West Ind Med J 28:199.

Simmons, W.K., Sinha, D.P. Anaemia in the Cayman Islands: Its Prevalence
and Control. CFNI-J-24-30, May 1980.

Simmons, W.K. et al. A Survey of the Anaemia Status of Pre-school Age
Children and Pregnant and Lactating Women in Jamaica. Am J Clin Nutr 1982,
35:319.

Simmons, W.K., Gurney, J.M. Nutritional Anaemia in the English-speaking
Caribbean Suriname. Am J Clin Nutr 1982; 35:327.

Simmons, W.K. Anaemia in the Caribuean: Its Prevalence and Causes. CFNI-
J-10-83, February 1983.

Serjeant G.R. The Clinical Features of Sickle Cell Disease. North Holland
Publishing Co., Amisterdam, 1974.

Simmons, W.K. et al. Anacmia in Ante-natals in the Turks & Caicos Islands.
W.l. Med J 1981; 36:210.

Simmons, W.K. The Control of Anaemia in the English-speaking Caribbean.
CFNI-J-34-83, 1983.

Simmons, W.K. Programmes for the Prevention of Anaemia in Jamaica. West
Ind Med J 1984; 33:92-96.

Bramble, D. and Simmons, W.K. Anaemia in Ante-Natals in Montserrat. West
ind Med J 1984; 33:92-96.

Simmons, W.K. Nutritional Anaemia in Ante-natals in the English-speaking
Caribbean. CFNI-J-22-85.

Caribbean Food and Nutrition Institute, La Poterie, Nutrition Survey, Grenada
Survey, Grenada, W.l. CFNI, May 1972.

Gueri, M. Nutrition Status of Young Children in Grenada. Caribbean Food and
Nutrition Institute, 1976.



14,

15.

16.

17.

18.

19.

20.

21,

22.

23.

24,

25.

26.

34

World Health Organization. Nutritional Anaemia. Tech Ref Ser No. 503, WHO,
Geneva, 1972.

Ministry of Health, Grenada, Personal Communication.

Caribbean Food and Nutrition Institute. Anaemia of Iron Status of the
Grenadian Population. Mimeo document. CFNI-J-17-86. CFNI, Kingston,
Jamaica, 1986.

Caribbean Food and Nutrition Institute. A Strategy for the Control of Anaemia
in Grenada. Mimeo document CFNI-J-19-86, CFNI, Kingston, Jamaica, 1986.

Gurney, J.M. Nutritional Considerations Concerning the Staple Foods of the
English-speaking Cartibbean. Ecol Food and Nutr 1975; 4:171.

Caribbean Food and Nutrition Institute. Recommended Dietary Allowances for
the Caribbean. CFNI, 1979.

Bridges N, Parvin R.M. and Van Assendelft, O.W. Evaluation of a New System
for Haemoglobin Measurement. Reprinted from American Clinical Products
Review, April 1987.

Flowers, C.H., Kuizon, M., Beard, J.L., Skikne, B.S., Covell, AM. and Cook,
J.D. Am J Hematol 1986; 23:141-151.

Flowers, C.H., Skikne, B.S., Covell, AM. and Cook, J.D. The Clinical
Measurement of Serum Transferrin Receptor. J Lab Clin Med 1989; 114:368-
377.

Dallman, P.R., Yip R. Johnson C. Prevalence and Causes of Anaemia in the
United States, 1976 to 1980. Am J Clin Nutr 39:437, 1984.

Cook, J.D., Skikne B.S., Lynch, S.R., Reusser, M.E. Estimates of Iron
Sufficiency in the US Population. Blood 68:726, 1986.

Skikne, B.S., Flowers, C.H., and Cook, J.D. Serum Transferrin Receptor: A
Quantitative Measure of Tissue Iron Deficiency. Blood 1950, 75: 1870-1876.

Levin Henry M. Benefit-cost analysis of anaemia interventions and social
marketing. Stanford University, 1986.



APPENDIX B-2



ADHERENCE TO IRON SUPPLEMENTATION DURING PREGNANCY:

DETERMINANTS AND EFFECT ON HEMATOLOGIC VARIABLES.

A research proposal.

Eva-Charlotte Ekstrdm
Nutrition Officer

World Health Organization

September 1991

Tanzania Food and Nutrition Center

PO Box 977
Dar es Salaam



List of contents:

I. Background
II. Conceptual model
A. Theoretical basis
B. Focus of study
III. Objectives
IV. Previous studies
V. Relevance of study
VI. Magnitude of the problem and study area
A. Nutritional anemia during pregnancy in Tanzania
B. Study site
VII. Study design
A. Introduction
B. Phase I
1. Specific objectives
2. Coverage of pregnant women by MCH clinic
3. Base-line information on Hb distribution
4. Health beliefs and developement of questionnaire
(1) objectives and study population
(ii) methods
C. Phase II.
1. Specific objectives
2. Methodology
3. Measures of adherence and hematology
D. Phase III.
1. Specific objectives
2. Study population and sample size
3. Treatment groups
4. Data collection frame
5. Assessment of cost-effectiveness
VIII. Analysis
A. Hypothesis testing
B. Sociologic part
IX. Ethical considerations
X. Collaborating Institutions
XI. Budget
XII. References



I. BACKGROUND

Iron deficiency anemia among pregnant women has for a long time
been recognized as a major public health problem. This is
particularly true for developing countries where anemia makes a
large contribution to pregnancy complications and maternal
mortality (ACC/SCN 1991, WHO 1979, Fleming et al 1986).

It is quite clear from a number of studies that supplementation
of elemental iron during pregnancy is a possible means to prevent
a fall in hemoglobin levels and decrease the prevalence of anemia
(Simmons 1990, Charoenlarp et al 1988, Fleming et al 1986) So
far, most efforts to solve the anemia problem has focused on
identifying appropriate dose, iron compound and formulation to
ensure a positive change in the blood parameters. However, when
attempts have been made to apply these clinical findings in
public health programmes results have been less successful. Apart
from logistic problems with distribution of the drug, a major
reason for this is suggested to be non-compliance, or preferakbly
non-adherence, to the iron regimen on part of the pregnant woman
(WHO 1990).

Although adherence is a prerequisite for a successful iron
supplementation programme limited research has been done on the
determinants and the magnitude of the impact the constraining
factors have. Therefore, this study will focus on the adherence
aspect of iron supplementation, and in particular on impact of
side-effects. However, measurements of hematologic outcome will
also be included to assess if a variation in adherence is of
importance for anemia prevalence.

II. CONCEPTUAL MODEL

A. Theoretical basis

The importance of using theoretical models in studying health
behavior, 1like adherence to prescribed medication has been
stressed (Christensen 1978, Leventhal 1985). Application of a
theoretical model assists the researcher in understanding how
predictive variables of adherence may interact and alter their
respective impact on adherence. Use of models further facilitate
comparisons to be made between studies in different settings.

Although there have been attempts to combine the numerous models
that describe health related behavior (Cumming et al 1980) still
the most frequently used model, in particular in studies of
adherence, is the "Health Belief Model" (HBM) . The model is a
psychosocial model and as such it is limited to accounting for
as much of the variance in the individuals' behavior as can be
explained by their attitudes and beliefs (Janz and Becker 1984).
It was originally developed by Rosenstock 1966 and further
modified by Becker and Maiman 1975, Becker et al 1979, and
Rosenstock et al 1988). The basic variables remain the same and
the theory argues that whether a person will comply to

1
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IXI. OBJECTIVES
The overall objectives for the study are:

- Study patterns of adherence to iron supplementation and factors
that determine it, focusing on importance of side-effects.

- Make a cost-effectiveness analysis of the usefulness of GDS
iron supplement as a means to increase adherence and improve
hematologic outcome.

IV. PREVIOUS STUDIES

Limited reliable information exists on levels of adherence to
iron supplementation. This is probably partly due to difficulties
in measuring adherence. The most applied techniques have been,
pill count, recall by user, and biologic marker. All these
techniques have their shortcomings. Pill count method may have
an effect on adherence, pills may be kept in other containers,
and pills may be dumped before counting episode. Recall by user
have a tendency to be an overestimate of adherence and biologic
marker is a costly method which also pose the problem of
individual variation in the biologic measures even under
conditions of perfect adherence. Neither does spot check measures
represent long-term adherence (Becker and Rosenstock 1984, Cramer
et al 1990, Feinstein 1990, Rudd et al 1989).

A new technique is now available consisting of a small
microprocessor imbedded in an ordinary pill bottl : cap which will
record each time the pill bottle is opened (Crawer et al 1989,
Rudd et al 1990). Use of this equipment may overcome many of the
previous measurement problems (except cost!), and it is now
possible to monitor adherence in a better way.

One of the major reasson suggested for poor adherence is the
gastro-intestinal side-effects of the treatment (Afifi et al
1966, and DeMayer 1989). The prevalence of side-effects depends
on dose, type of iron compound, dosage scheme, if it is taken
with meal or not, and it also has a geographical variation
(Bonnar et al 1969, Charoenlarp et al 1988, Cook et al 1990,
Hallberg et al 1966, Hallberg and Sdlvell 1966, Sjdstedt et al
1977). However, if present, side-effects will decrease if
supplementation is continued and after about a week they will be
significant reduced (Charoenlarp et al 1988, Cook et al 1990).
suggesting that if side-effects have an impact on adherence it
is of most importance in early stages of supplementation.

Limited information on side-effects' impact on adherence can be
extracted from literature. In an iron supplementation trial in
northeastern Thailand where the side-effects were high the
subjects were persuaded.by field personnel to continue taking the
supplements (Charoenlarp et al 1988) and the high adherence
observed may thus not be indicative of what would have happened
outside the trial. In the same study, an unsupervised group
receiving 240 mg elemental iron was compared to a supervised one.
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Poor results in the unsupervised group could possibly be due to
side-effects and decreased adherence as suggested by the authors
(Charoenlarp et al 1988). In a recent iron supplementation trial
in Jamaica where the side-effect prevalence, (depending cn
symptom) varied between 4-27 percent (Simmons 1990) adherence to
supplement is also 1likely to have been affected by close
supervision of field personnel. Furthermore, the measurements of
adherence was reported as being unreliable (Simmons 1990).

Two studies have reported a relation between level of adherence
and hemoglobin level at term of pregnancy. In a supplementation
trial in Jerusalem self-reported level of adherence was divided
into three groups; "good" "not so good" and "poor compliance.
Although there was no significant difference in hemoglobin and
hematocrit level in third trimester between the three groups
there was a slight trend of better hematologic values for the
"good" group followed by the "not so good" (Gofin et al 1989).

Another study in England, the subjects were divided into two
groups depending on a hemoglobin level above or under 12 g/dl at
term of pregnancy. Throughout pregnancy a number of stool samples
had been taken and tested for iron as a measure of adherence to
supplementation. The low hemoglobin level group had significantly
lower number of positive tests, 25 percent compared to 86 percent
in the high hemoglobin level group (Bonnar et al 1966).

Even though there are no conclusive results on the negative
impact of side-effect on adherence, efforts have been made to
develop iron preparations with less frequent side-effects. The
so called "slow-release" preparations where the iron compound is
released gradually on its passage through the intestine tried to
meet this demand. Apart from being very expensive the "slow-
release" preparations have had a reputation of poor absorption
(Cook et al 1990).

The new gastric delivery system (GDS) preparation where the iron
compound is released during an extended time period in the
stomach does not have the problem of low absorption. On the
contrary it has shown a 3-4-fold higher absorption compared to
conventional iron preparations (Cook et al 1990). Since the
ingredients of the formulation are not expensive it may be that
the cost of GDS capsules could be competitive with conventional
iron tablets (Simmons 1990).

Women's health beliefs may also affect adherence. A number of
specific beliefs have been reported to have a negative impact.
These include form of preparation of a medication (tablets,
liquid, injections) where one of these can be regarded as more
effective in general, or not compatible with the pregnant
condition. Frequently it is mentioned that color of the iron
supplement may play an important role. In case anemia is
perceived as a weakness of the blood it may be favorable to have
red iron tablet. Taste of the iron supplement may also play a
role (WHO 1990, Galloway 1990).



A commnon worry among pregnant women is that they will have big
babies which will cause difficult deliveries. If the iron tablets
is believed to make the fetus big and strong which has been
reported it is likely to have a negative effect on use of the
supplement (WHO 1990).

V. RELEVANCE OF STUDY

In the overall efforts to reduce the high maternal mortality in
developing countries one of the recognized strategies is to
prevent iron deficiency anemia. It is established that iron
supplementation during pregnancy has a positive effect on
hemoglobin level, - if the supplement is taken as prescribed.

Although logistic problems of distribution of the iron supplement
have sometimes been recognized as the major problem for adherence
(ACC/SCN 1991) it is not necessarily the case that the supplement
would be taken as prescribed if available. 'To ensure, once
defaulting distribution systems are working, that the iron
supplement provided will be effective it is essential to get a
better understanding on adherence and its determinants.

Due to difficulties in measuring adherence limited reliable
information is available on adherence level itself or on the
magnitude of the impact of the factors that determine it. This
is 2"so true for the possible negative influence which side-
alZ2¢ s may have.

As cultural factors play an important role in adherence it may
be limitations for the extent to which generalizations can be
made, even so it is still felt as important to investigate if
reducing side-effects can be a possible strategy to improve
adherence in a more limited setting. With the now available
measurement technique it is possible t» get valid information on
adherence and in the case side-effucts are a problem, the
recently developed GDS formulation may be provide some remedy.
A cost-effectiveness analysis will provide basis for decisions
to substitute conventional iron preparations for GDS ones.

Regarding the study component of health beliefs and attitudes the
application of a theoretical base in the conceptual framework
will provide a more comprehensive picture of the determinants of
adherence wh-are the variables will have an explanatory capacity.
Many studies do lack that quality and merely produce lists of
descriptive variables that statistically do or don't correlate

with adherence.

One couid argue that even if the variables have an explanatory
capacity the information is not useful unless it can be included
in programme activities to improve adherence. Although there are
no studies on adherence to iron supplementation that have used
a theoretical base which can show this usefulness, the HBM has
successfully been used for identifying intervention points for
inducing behavioral change in other contexts (Becker et al 1979,
Jones et al 1988).

N



VI. MAGNITUDE OF THE PROBLEM AND STUDY AREA

A. Nutritional anemia during pregnancy in Tanzania

Anemia during pregnancy is a major health problem in Tanzania.
It is one of the most common reason for antenatal hospital
admission in Dar es Salaam region and it is also a leading
factors for maternal mortality (Kavishe 1982). A study at
Muhimbili Medical Centre showed that in early 1988, 26 of 71
(37%) maternal deaths could be attributed to anemia (Kaisi 1988).
A large study of anemia during pregnancy was conducted in 1977.
A total of 1317 women were evaluated when they came for their
first antenatal clinic visit. The mean hemoglobin level was 9.3
gn% and none of the women had a hemoglobin level above the
recommended cut-cff of 11 gm% (Mwanukuzi E and Nhonoli AM 1972).

The major causes of anemia during pregnancy are malaria and iron
deficiency. However there 1is limited information on their
relative contribution to anemia. It is depending on malaria
prevalence and thus on region and season. A recent study in
Zanzibar (TFNC 199i) showed a prevalence of 41.2 of anemia in
women using WHO cut-off of <12 g/dl for non-pregnant and <llg/dl
for pregnant women. The same study demonstrated that 29.2 of the
women were iron deficient as defined by a free erythrocyte
protoporphyrin level above 70 microgram/dl of red blood cells.
Anemia and iron deficiency showed a statistical significant
correlation while malaria (prevalence 8.1 %) did not in this
particular study. Although there is a need of more comprehensive
information on anemia in Tanzania it is beyond all doubts that
it is a major problem that need to be tended to.

B. Study s=ite.

The study is proposed for Ilula villages in Iringa region about
45 km from Iringa town. The villages lie on the main road Dar es
Salaam to the Zambian boarder. The census for the villages in
1978 was 5657. Health care is provided by the units, one Roman
Catholic dispensary and a Lutheran dispensary and this study will
have the Lutheran dispensary as a basis. From previous studies
in the area it is reported that antenatal coverage is high but
with a big variation in gestational age at register (mean 23,
range 9-35 weeks) and number of visits to the clinic (mean 6.3
and range 0-12) (Méller et al 1989).

Ilula villages are comparable with other rural villages in
Tanzania although they probably are somewhat more developed due
to the closeness of the road. Still there is not electricity.

Although no quantitative information on anemia is available from
Ilula anemia is assessed by the medical assistant at the MCH to
be very common (Ballart 1991). In the previous study in the area
anemia was noted' as the most common pregnancy complication
(Kavishe et al 1987).

N
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VII. STUDY DESIGN

A. Introduction

The study is divided into three Phases. The first phase includes
an assessment of the coverage of the antenatal clinic in Ilula,
base-line information on hemoglobin distribution near term of
pregnancy and a sociologic study on beliefs of health and illness
during pregnancy as part of preparation of draft questionnaires.

B. Phase I. october - November 1991

1. specific objectives
The specific objectives for phase 1 are:

— To assess coverage of pregnant women by the antenatal clinic
in Ilula.

= To assess hemoglobin distribution near term of pregnancy in an
unsupplemented population

= To describe common health beliefs related to pregnancy.

~ To develop draft questionnaires.

2. Coverage of pregnant women by the MCH élinic.

has been born in his ten-cell the last three months. At the
visits information on mother's attendance at McH clinic, such as
number of visits, gestational age at registration and reason for
participation or non-participation will be collected, The aim is

are covere Y the MCH clinic. It is expected that approximately

e —— e

100 mothér-newborn pairs will be interviewed.

A subgroup of this study population will be used for the study
of health beliefs related to pregnancy.

3. Base-line information on hemoglobin distribution near term of
pregnancy in an unsupplemented group.

According to present information there has not been any iron
Supplement available in Ilula health center for a long time.
Before starting the distribution of iron supplement a base-line
assessment of hemoglobin levels near term of Pregnancy is going
to be conducted. The possibility of using this information as a
quasi control group in comparisons of hematologic outcome of iron

8



supplementation is going to be investigated. In order to do so
background data on the subjects like socio-economic status,
reproductive history, recalled morbidity and present malaria will
be collected. Hemoglobin will be assessed by finger-prick and use
of hemocue hemoglobinometer. Blood samples will be spotted on
filter paper for later assessment of ferritin and
erythroprotoporhyrin (see also phase III hematology).

Collection of information for two months is expected to provide
a sample of approximately(100.

4. Description of common health belief during pregnancy and
development of questionnaires.

1) Objectives and stud opulation

The study population for this section will be a subgroup of the
subjects for the coverage study which are mothers with new born
babies. Interviews will also be made with health personnel as
well as traditional birth attendants.

The objectives of the study are

a) to describe general health beliefs and practices common during
pregnancy.

b) identify a local concept of anemia which overlaps with modern
medicine's definition.

This concept will be used in developing a cultural acceptable
messace related to the benefits of iron supplementation and in
the intervention phase of the study for assessment of the
perceived susceptibility and severity to anemia as well as other
occasion when referring to anemia.

C) to create a list of illnesses and symptoms common during
pregnancy.

For the main study, the most frequent side-effects of iron
supplement will be included in the list which will act as an
instrument to measure side-effects. The list will also be used
for assessing symptoms of anemia which could trigger adherence
to supplement.

d) investigate if there is a concept of preventive care which
include medication of some sort.

If existing, parallels could be drawn with this concept in
explanations of the function of iron supplement.

e) develop draft questionnaires

(ii) Methods

The specific methods for, in a structured way, collect

9



information of qualitative nature (like health beliefs) have been
described by Bernard 1988 and Weller & Romney 1988 among others.
The sequence or rather circular way of applying them has been
proposed by Winch 1991.

The methods to be applied are a) identification of domain of
interest, b) free listing c) charts d) pile sorts e) paired
comparisons, and indicator questions, which are common methods
applied in social science.

A brief description of these methods;

Identification of a domain is defining the area of interest in
which the questions should focus on. For this research it is
ilnesses or problems during pregnancy. Free 1listing is
developement of a list of the most common problems and chart is
a way to structure the cause, treatment and symptoms of each of
the illnesses. Through pile sorting it is possible to find out
which illnesses are related to each other and paired comparisons
can be used as a tool for ranking how important or serious
different illnesses are perceived to be. Indicator questions or
statements are commonly used in assessment of attitudes.

A base-line questionnaire for assessment of household
characteristics, including household composition, socio-economic
status, and major means of living will he produced as well as one
for the pregnant woman's reproductive history and obstetric
information. A crucial variable in the study is gestational age.
A previous study in the area showed that using last menstrual
period gave a valid assessment of duration of pregnancy (Méller
1989). Even so fundus height will also be measured as a
complementary method.

C. Phase IX. Pilot test of questicnnaires and outcome measures.
December 1991-February 1992.

1. Specific objectives.
The specific objectives of phase 2 are:;

- Pre-test of questionnaires.
- Pre-test of methodologies and procedures for assessing
adherence and hematologic outcome.

2. Methodology.

Phase 2 involves a testing of all variables to be measured in the
main study. For a period of three months data will be collected
according to the schedule set for the main study. This involves
a pretest of the questionnaires developed in phase 1 for the
assessment of a) household characteristics; b) variables on
health beliefs and attitudes in conceptual model and c) test of
methods for assessing adherence and hematologic outcome.

10



Apart from testing the actual assessment instrument for the
various variables this phase is a practical preparation for
management of data collection in the main study.

3. Measures of adherence and hematologic outcome

(i) Hematology

Because of difficulties in handling venous blood samples under
the existing field condition the hematologic measurements
selected have been limited to those which can be done with
capillary blood and do not need to be centrifuged or stored in
a freezer. Capillary blood will be collected by finger prick and
all samples will be taken by the same person. The measurements
are: hemoglobin, free erythrocyte protoporphyrin (FEP), and
sickle cell test.

Hemoglobin level will be assessed by Hemocue system which use
disposable microcuvettes. The technique has been compared with
standard laboratory hemoglobin methods and good reliability and
accuracy has been found (Bridges et al 1987). The method is
particular convenient for field conditions as it does not require
any sample or reagent preparation and can be run by use of a
battery.

FEP will be assessed by a micro-flourometric method (Orfanos et
al 1977). The method needs a small amount of blood 2-3 drops
which can be spotted on a filter paper and stored protected from
sunlight for analysis later in the laboratory.

Sickle cell will assessed by microscopy.

At Kansas university a method is under development for assessment
of ferritin in whole blood spotted on a filter paper. Samples
will be collected in this study for the possibility of later
assessment of ferritin.

Blood slides for assessment of malaria will be prepared.
(ii) Adherence

This study intend to use a new equipment for measuring adherence
to medical treatment "Medication Event Monitor System" MEMS
(Cramer et al 1989). It is a small microproces.or imbedded in a
pill bottle cap. The microprocessor register each time and date
the pill bottle is opened. Information about 1000 medication
events can be stored for later retrieval by use of the computer
software developed together with the microprocessor. This
equipment allow detailed information about adherence to be
collected without the knowledge from the pregnant women which
decrease the risk of altering the adherence behavior due to the
study intervention. The assumption is that every time the pill
bottle is opened the tablet is actually taken.

The microprocessor method of measuring -adherence will be used
during the first month of supplementation where there is a need
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of accurate information on a daily basis. As the possibility
exist that the woman will open the pill bottle regularly and
through away the tablet this method will be validated by testing
for iron in stool samples (Afifi et al 1966).

For the follow-up of adherence assessment (week 4, 8 and 12
weeks) the method using stool samples will be used.

D. Phase ITI. Intervention study, March 1992- March 1993.

1. Specific objectives

The specific objectives for the intervention part of the study
are the following;

- To assess level of initial adherence to iron supplements.

- study patterns of adherence and its determinants.

- Test if use of gastric delivery systenm (GDS) iron preparation
with reported lower frequency of side-effects has an improved
effect on adherence compared to conventional preparations.

- Compare cost-effectiveness of conventional and GDS iron
preparation on adherence.

- Compare effectiveness in improving hematological parameters
related to anemia (in particular hemoglobin) between conventional
and GDS iron preparations.

- compare cost-effectiveness of conventional and GDS iron
preparations on hemoglobin level.

- Test the explanatory capacity of the components in the health
belief model on variation in adherence.

2. Study population and sample size

Of all women registering for MCH clinic at Ilula dispensary women
with a gestational age less than 27 weeks will be offered to
participate in the study and their consent to do so will be
sought. Based on the health center's routine women with
hemoglobin less than 8.5 g/dl will be excludad from the study and
referred to Iringa hospital. Women with, or developing pregnancy
complications such as: requiring blood transfusion; emergency
obstetric intervention; eclampsia; or chronic diseases will also

be excluded from the study.

The following cal~ul ‘tions were made to estimate the number of
womer. it may b pgossible to enroll per month. Based on
information from tvhe health center approximately 50 children are
born at the clinic per month. If 80 percent of these have
participated in MCH clinic before delivery there will be 40
children per month. Of these, assume 75 percent have participated
before week 27 in pregnancy which lead to 30 pregnant women per
month who can be offered to participate. If 80 percent accept to
participate about 25 women per month can be entered in the study.

The proposed sample size is 250 women which will require a data
collection of 13 months. A sample size of this magnitude will

enable a difference in adherence proportion between the two iron
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preparation of 20 percent to be detected and a difference in
hemoglobin level of 0.35 g/dl to be identified. A difference of
less than 0.5 g/dl is probably of 1little biologic importance
(INACG 1984).

3. Treatment groups

Initially all women that agree to participate in the study will
be treated for hookworm infestation with a single dose of
Albendazole 400 mg.

The women will randomly be assigned to receive either
conventional or GDS iron preparation. The conventional ferrous
sulphate preparation will provide a dose of 120 mg elemental iron
as recommended by WHO 1989. The GDS ferrous sulphate has shown
to have a 3-4-fold higher absorption rate than ferrous sulphate
elixir (Cook et al 1990), and a dose of 50 mg elemental iron in
form of GDS capsules has proven, in an anemic (8-11 g/dl of
hemoglobin) population, to give the same or better hematologic
response than 100 mg elemental iron of conventional type (Simmons
1990, ACC/SCN 1991). The elemental iron dose for GDS preparation
will thus be 50 mg per day.

The dose of conventional ferrous sulphate can be taken once a day
or as two administrations of 60 mg each. To reduce the frequency
of side-effects it is generally recommended to take the dose in
two administrations which will be applied in this study. The GDS
iron supplement is to be taken once a day with a meal which in
this study will be the evening meal.

Since the positive effects of iron supplement is established in
an anemic population it is not ethical to include a placebo or
control group without iron in the present study.

However, designing a study without a placebo group create some
problems. One of these is difficulties in evaluating the side-
effects as there are a number of placebo side-effects. Neither
is it possible to assess the absolute effect of iron
supplementation.

However .f, which is likely, there will be a non-compliant group
in the study it may to certain extent be possible to use this
group as a quasi-experimental control group. In interpretation
of the results considerations have of course to be made to the
fact that the group is a self selected one and not randomly
assigned. Still the use of this group as a control group may be
acceptable, in particular if it is possible to statistically show
that it, regarding essential variables, is comparable with the
rest of the study population. Suggestions for when it may be
appropriate to use non-adherer as a control group is outlined in
the analysis zection. Furthermore, the base-line information of
distribution of hemoglobin near term of pregnancy may be used as
another quasi-control group.

4. Data collection frame
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For each of the recruited subjects data will be collected

at registration (week 0 of supplementation) and at week 2, 4, 8,
and 12 of supplementation. The information that will be collected
at these occasions are:

Registration:
‘ - base-line information

- illnesses

- determinants of adherence

- hematology (incl malaria)

Week 2 of supplementation:
- illness and side-effects by 2 weeks recall

- adherence by microprocessor

Week 4 of supplementation:
- illness and side-effects by 2-weeks recall
- adherence by microprocessor and stool sample
- determinants of adherence, follow-up

Week 8 of supplementation:
- illness and side-effects by 4-we:2ks recall

-~ adherence by stool sample

Week 12 of supplementation:
- illness and side-effects by 4-week recall
- adherence by stool sample
- hematology (incl malaria)
- determinants of adherence, follow-up

Provision of iron supplements will be made until end of
pregnancy.

5. Assessment of cost-effectiveness of iron supplementation.
To calculate cost the following information will be collected:

- cost of the two different iron supplement per pregnancy.
- cost for health personnel

- cost for transport

- cost for facilities

The first cost, the iron supplement, will differ between the two
types of formulation. The cost difference will be used for
calculation of marginal cost of using the GDS supplement instead
of the conventional preparation.

The cost for the next three ingredients in the supplementation
programme will not differ between the iron supplements. For later
calculations of total programme cost the assumption will be that
a basic health delivery system already exists and that the iron
supplement will be one of several drugs delivered to the center.
The cost factors for the mentioned items will thus be calculated
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as shares of the total budget for the health centers cost for the
mentioned ingredients. The share which will be attributed to the
iron supplementation will be based on an assessment of how large
proportion of the health center's time is used for information
about, and distribution of iron supplement.

The effectiveness part of the calculation will have two
variables. The first is a measure of the process of the
supplementation programme, an output measure, which in this case
will be number of adherers. The second variable is an outcome
measure, per definition a biologic variable, in this case it will
be hematologic outcome.

15

W



VIII. ANALYSIS

A. Hypothesis testing;

The intervention part of the study is the use of GDS iron
preparation. A number of hypotheses regarding characteristics of
the GDS supplement will be tested whether they are true or not.
The analyses will be done using EPI-INFO and SPSS statistical
packages which include statistical methods such as, t-tests,
analysis of variance and multiple regrression analysis.

Hypothesis 1. GDS iron preparation produce less side-effects
compared to conventional iron preparation.

Hypothesis 2. Use of GDS iron preparation will lead to better
adherence to regimen. :

Hypothesis 3. Use of GDS iron preparation will maintain or
improve hematologic status better than conventional iron
supplement.

Hypothesis 4. Side-effects of iron supplementation have a
negative effect on adherence.

Hypothesis 5. A better adherence will result in better
hematologic outcome.

Hypothesis 6. GDS iron supplement is more cost-effective in terms
of adherence than conventional iron supplement.

Hypothesis 7. GDS iron supplement is more cost-effective in terms
of hematologic outcome.

B. Analysis of the sociologic part.

The health belief model:

The components in the health belief model will be assessed on
their respective importance for the variation observed in
adherence by pathway analysis.

The health beliefs contribution to adherence patterns will be
investigated by assessing the overall explanatory capacity of the
model.

The general questions will be compiled into a descriptive
section.
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IX. ETHICAL CONSIDERATIONS

The subjects in the proposed research project are women in Ilula
villages that, at start of study, within the last three months
delivered a baby (phase 1; antenatal coverage study) and pregnant
women attending antenatal clinic at the health center in Ilula
(phase I; hemoglobin base-line study, phase II; pilot test of
methodology and phase III; intervention study)

The subjects for the antenatal coverage study will be identified
by approaching the community 1leaders, in particular ten-
cell-leaders, who know each household and its composition within
his/her admlnlstratlve unit. Initial contact will be at their
respective house. Subject for the other part studies will be
approached when the visit antenatal the clinic.

At the first encounter with the subject candidate, before a
request is made about participation in the study, they will be
informed about the research project, its aims and what a
participation would involve on their part. Since the population
to large extent is illiterate written consent is not feasible and
oral consent has to be taken. The subjects will be informed that
if they choice to participate and later change their mind they
can withdraw any time from the study without any penalties or
consequences for their continuous participation and use of the
clinic's service.

If the ongoing research for some reasons has to terminate and
debriefing can't be done within the project's time frame the
village leaders will be asked to inform the subjects.

The intervention part of the study is the test of two iron
supplement which are randomly assigned to the women. Both
preparations have the same active compound, ferrous sulphate. The
dose of elemental iron is in the conventional formulation 120 mg
as recommended by WHO. The GDS iron preparation has a 3-4-fold
higher absorption rates (Cook et al 1991) and have resulted in
the same or better hematologic response, in an anemic population,
when the dose has been 50 mg of elemental iron (Simmons 1990).
A dose of 50 mg of elemental iron will be used for the GDS iron
preparation. Due to ethical reason this study will not have any
placebo or control group.

In the intervention part of the study the data collection include
taking two finger prick blood samples. Finger prick sample is
already before the initiation of the study routlnely taken in the
clinic at reglstratlon but an additional sample is needed after
12 weeks of iron supplementation. Finger prick blood samples as
such does not involve any risks for the patient. However, HIV
virus is prevalent in Tanzania and strict precautions has to be
taken to avoid transmission of the virus. The steps that will be
taken are the following; only one person will take and handle all
the blood samples 1in the study. This person will, even 1if
previously trained, receive further training in safety measures
regardlng handllng blood samples possibly contaminated with HIV
virus. Training will. be done by a medical doctor at the
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laboratory department of TFNC who has previously trained persons
in blood sampling techniques. Protective gears for the person
taking the blood samples will be made aval}able as well as
equipment for handling contaminated supplies and for 1its
destruction. Finger prick samples will be taken by use of
disposable supplies only.

The data collection and interviews will be car;ied out by field
workers living in the area who are familiar with local customs

and fluent in kiswahili.

The data collected will be confidential. The subjects privacy
will be ensured by limiting the number of persons who have access
to the raw daeta. In analysis and presentation of the results all
subjects will be codified and no names will be revealed.

The study is funded by the Tanzanian government through loans
from the World Bank, by World Health Organization, and by
Scandinavian Africa Institute, Uppsala, Sweden.

X. COLLABORATING INSTITUTIONS

The project is part of the TFNC/WHO research collaboration in
Nutrition. Personnel from TFNC will mainly be drawn from the
Anemia programme and from WHO the nutrition officer is

participating.

In Ilula villages, personnel from the Health Center will be part
of the collaboration.
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XI. BUDGET

In Tanzaniavif not otherwise stated.

Phase 1. Preparatory phase October - November 1991.
Transport: 164.000
Per Diem & Salaries: 272.000
Stationaries: 11.000
Instrument & Eqiupment: 79.000

total 526.000 2370 USS)
Phase 2. Pilot tes* questir-,are, December- February 1992.
Transport: 306.000
Per diem salaries: 310D.000
Stati- .aries: 11.000
tnsere it & Zquipment: 89.000

t.otal 716.000 =(3100 USS)
Phase 3. Intervention studv, March - March 1993.
Transport: 1176.000
Per diem & Salaries 828.000
Stationaries: 45.000
Instrument & Equipment: 347.000

total 2396.000 =(10400 USS)
Phase 4, Analysis and dissemination of results, April -July,
1993.
Analysis: 86.000
Seminar in Ilula: 278.000

total 366.000 <1600 USS)

Lease of instruments for measure

of adherence and purchase of

hemoglobinometer.

Adherence instrument: 36.
Hemoglobinometer: 2,
total 38.

480 SEK
500 SEK

Grand total

23.700 USS

The project is funded threugh by the Tanzania Government through

loan from the World Bank (4000

US$), WEO/AFRO (5000 USS),

WHO/Head quarters (applied for 12700 US$) and Scandinavian Africa

rl

Institute (2000 USSE.,mPpﬂcd
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FINAL PROJECT REPORT

Title : Gastric delivery system iron trial on pregnant
and non pregnant women.

Location : Surabaya - Indonesia

Duration ¢ November 1992 - June 1993

In Country Budget:

Central Office : DR Soetomo Hospital

Key Personel DR.Dr. Poedji Rochjati
Principal Investigator
Dr. Marsianto

Project Coordinator

Research

Service Delivery : Mrs. Sridati - Midwife
Mrs. Cholilah - Midwife
Mrs. Farida - Midwife

BACKGROUND :

It is presently estimated that over a billion people in the world
are anemic and that the major cause of this anemia is a
deficiency in the supply of dietary iron relative to the iron
needs of a population. The population segment most vulnerable to
this nutrional iron deficiency is pregnant women. The global
prevalence of nutritional anemia during pregnancy exceeds 50 %
and although this figure is much higher in Third World countries,
no region or society is exempt. Recent studies have highlighted
the significant of iron deficiency anemia during pregmancy. Mild
anemia is associated with an increase in the rate of premature
delivery and low birth weight whereas more severe is estimated
to account for up to 20% of maternal deaths during parturition.
In light of the dismal success in reducing the global prevalence
of anemia in this highly vulnerable segment of the population,
there is a need to develop novel methods to improve the iron
status of pregnant women.

For the past several decades. the provision of oral iron
supplements to pregnant women has been the primary method to
decrease the prevalence of anemia. A commonly cited reason for
the ineffectiveness of iron supplementation in developing
countries is the reluctance of women to adhere to a regimen that
is ofte associated with gastrointestinal side effects. One way of
circumventing this problem is to supply iron in a slow release
form while retaining it in the stomach proximal to the iron
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absorbing region of the small intestine, a formulation referred
to as a gastric delivery system (GDS). Recent studies indicate
that this preparation not only eliminates the side effect of oral
iron but also results in a more efficient assimilation of the
nutrient. The present investigation was undertaken to evaluate
the hematological efficacy of GDS in a field setting.

Maternal mortality in Indonesia in high (M.M.R = 250-718/100,000
LB). As 1in most developing countries, the major causes of
maternal mortality are hemorrhage, sepsis and toxemia. Maternal
anemia is recognized risk factor for maternmal death due to
hemorrhage. In one study in Indonesia, the maternal mortality
ratio for anemic women was substantially higher (700/100,000)
than for non-anemic women (190/100,000). In a study noted in
World Health Statistics 1982, pregnant women in Indonesia had the
lowest average hemoglobin levels among women in 5 countries in
the region. The National Household Health Surevey of 1985/86
showed a prevalence rate of over 73 % of anemia in women of
childbearing ages.

There has not been sufficient research to document the etiology
of the problem of anemia in Indonesia; however, poor absorption
of dietary iron due to rice-based diets appears to be an
inportant contributing factor. In other countries in the region,
supplementation of dietary iron with iron sulfate has achieved
reductions of anemia of fifty percent. However, there appears to
be many obstacles to widespread acceptance of iron sulfate
suplementation as a public health strategy for reduction of the
prevalence in all areas, the awareness of the need for and
benefit from these iron tablets among women, and the problems of
continued compliance where the tablets are available. Many women
who have access to the tablets simply do not want to take them
because of the perception that the side~effects (nausea,
constipation, etc) outweigh the potential benefits of taking
then.

Recently, a new formulation and delivery system for iron has been
tested, and in trials in Jamaica, appears to significantly lower
the rate of adverse effects while still reducing anemia. If true,
this method of iron delivery would significantly decrease
problems with compliance. This new delivery system is called the
Gastric Delivery System for Iron (GDS Iron).

GOLD AND OBJECTION :

Is the GDS Iron pill as effective in anemic pregnant women
at raising hemoglobin levels as the standard Ferrous Sulfate
tablets, and is it better tolerated ?

Is compliance less of a problem with the GDS Iron tablet
when compared to a standard ferrous sulfate formulation and
a placebo that contains no iron ?



These questions will be answered by two separate trials in
different study populations. The studies will be done in
Surabaya, Indonesia by the research group at RS Dr Sutomo
Hospital. Additional support will be provided by experts from the
University of Kansas. Logistic support and technical assistance
will also be provided by the Mother Care Project through the
USAID/Jakarta TAACS Adviser.

RESEARCH METHOD AND MATERIAL :
TRIAL 1
summary :

The first trial will take place in a group of anemic pregnant
women and will involve three groups of women. The first group
will be given the GDS Iron pill for a period of 90 days during
the last three months of their pregnancy. The last two groups
will be given the GDS-1420 and GDS 6925, therapy for the same
time period during the last 3 months of their pregnancy.

After obtaining informed consent, the women in the three groups
will be randomly allocated to each group following screening to
determine that they meet the criteria for gestational age and
anemia. All groups will be treated identically, seen every 30
days and given pills in packets of 30 for a total of 90 days (4
visits prior to birth. They will have hemoglobin, ferritin and
transferrin levels measured at there points during the pregnancy.
The analysis will compare biochemical parameters with reports of
compliance and side effects in the two groups to determine if the
GDS Iron formulation is as efficacious as ferrous sulfate, and if
it has a higher compliance rate.

Sample size and study length :

Three groups of pregnant women with hemoglobin between 8.0 and
10.9 g/dl will be enrolled, with total 300 women. The women will
be recruited from 2 prenatal care clinics (unit I and unit 1II).
Each clinic sees an average of 20 women per day, and estimates
are that each week 25 anemic pregnant women will be enrolled per
clinic, for a total of 50 women per week. All the women will be
enrolled by the and of the 6th week of the study. Allowing 90
days for the duration of the pregnancy, and 30 days for the
required follow-up period, two weeks for data entry and cleaning,
and four weeks for data analysis and report writing, the study
will be completed by the end of the 7th month.
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Enrollment :

Pregnant women aged 15-45 attending the prenatal clinics will be
enrolled. The goals of the study will be explained to them, and
they will be asked to participate in a screening process to
determine their eligibility. They will have a fingerstick
hemoglobin determination done, and if anemic (8.0-10.9 gm/dl)
will be asked to participate in the study. Following receipt of
written informed consent, two vacuatainers of blood will be
taken, baseline social, demographic, nutritional, family planning
and previous pregnancy/birth date will be taken. Women screened
and found to be anemic but not choosing to enter the study will
be told that they are anemic and counseled regarding taking iron.

Data gathering :

Fallowing the first clinic visit where baseline data will be
gathered, the women will be seen at intervals of 30 days. A
social worker will interview the women and record answers to
questions concerning compliance and side effects. Following the
interview, women will be given a 30 day supply ofpills and asked
to return in 30 days. Women in the study will have transportation
paid for when returning to the clinic for visits. Women ®ho do
not return for the clinic visits will be visited by the social
workers at home if possible. At the third and fourth visit blood
will be taken for, transferrin receptor and ferritin. Weight and
MUAC will be taken also. The hemoglobin and ferritin will be
determined at the last visit.

Frosen samples will be sent to the University of Kansas for
determination of transferrin receptor. Data will be entered in a
database using Epi-Info by a data entry person.

Data Analysis

The data will be analyzed first with descriptive statistics and
then by stratified analysis. Following this, logistic regressing
will be done if the stratified analysis is not sufficiently
powerfull. Socio-demographic variables (age, religion,
education); acuupation, number of persons in househould, number
of children); reports of compliance and side effect (diarrehea,
nausea, loss of appetite, heartburn, abdominal cramps,
constipation, color of stool, MUAC, hemoglobin, ferritin,
transferrin receptor) and others (abbreviated nutritional
history, menstrual history, etc) will be determined for the three
groups tec see if there are significant differences between the
GDS Iron group, the GDS 1420 grour and the GDS 6925.
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Ethical considerations :

The study does expose any of the women ,fetuses or babies to
health risks. Rather, it provides the pregnant women with a major
health benefit as it identifies them as being anemic during their
pregnancy ( which they would not have known) and offers therapy
for this. Any women who are anemic at the end of the study (non-
responders) will be given a supply of iron sulfate and counseled
regarding its appropriate use. 1he major risks in the study are
those resulting from the drawing of blood for biochemical tests.
These risks are minimal.

Trial 2
Summary

The second trial will take place in anemic non-pregnant women and
will involve three groups of non-pregnant, anewic women. The
first group will be given the GDS Iron pill for a period of 60
days. The second group will be given GDS 3163 therapy in an
identical appearing capsule for the same time period. The third
group will receive an identical appearing GDS 4041. The study
will be double blinded with neither the women nor the reaseachers
knowing who is in which group. After obtaining informed consent,
the women in the three groups will be randomly allocated to each
group following screening to determine that they meet the
criteria for anemia. All three groups will be treated
identically, seen every 30 days ( 3 visits including final). They
will have, ferritin and transferrin levels measured at the two
poinst and haemoglobil measurement at the first and last visit
and the analysis will compare biochemical parameter with report
of compliance and side effects in the three groups. This data
will be used to draw conclusions as to whether the GDS Iron pill
is significantly better (less side effects, higher degree of
compliance, decreases rates of anemia) than the others.

Sample size and study length :

Three groups of non-pregnant women with hemoglobins between 8.0
and 10.9 g/dl will be enrolled with 100 women in each group. The
women will be enrolled from two sub-health centres from this
village.

Each subcentre sees approximately 50 patient per day and it is
estimated that each week 25 women meeting the criteria will be
enrolled, for a total of 50 women for the two clinics. Thus, the
three groups of 100 women will require 6 weeks to enroll.
Allowing 60 days for the duration of the study, 2 weeks for data
entry/cleaning, four weeks for analysis and report writing, it
will require 5 months to finish the study. '



Enrollment :

Mentruating women aged 15-45 who lives in Mojo village who are
not pregnant or breats-feeding will be enrolled.

The goals of the study will be explained to them, and they will
be asked to participate in a screening process to determine
their eligibility. They will have a fingerstick hemoglobin
determined done, and if anemic ( 8.0 - 10.9 g,/dl) will be asked
to participate in teh study. Following receipt of written
informed consent, two vacutainers of blood will be taken,
baseline social, demography, nutritional, family planning nad
previous pregnancy/ birth data will be taken. Women screened and
found to be anemic but not choosing to enter the study will be
told that they are anemic and counseled regarding taking iron.

Data gathering

Foliowing the first visit where baseline data will be gathered,

the women will be seen at intervals of 30 days. A social worker -

will interview the women and record answers to goeustions
concerning compliance and side effects. Women in the study will
have transportation paid for whemn returning to the for visits.
Women who do not return for the clinic visits will be visited by
the social workers at home if possible. At the second and third
follow-up visits (30 days and 60 days) blood will be taken for,
transferrin receptor. Weight and MUAC will be taken at each visit
also. The hemoglobin and ferritin will be determined at last
visit again.

Frozen samples will be sent to the University of Kansas for
determination of transferrrin receptor. Data will be entered in a
dabase using epi-info by a data entry person.

Analysis :

The data will be analyzed first with descriptive statistics and
then by stratified analysis. Following this, logistic regression
Wwill be done if the stratified analysis is not sufficiently
powerful. Socio-denographic variables (age-religion, education
accupation, number of persons in houshold, number of children,
et.C.); report of coumpliance and side effect (diarreheam nausea,
loss of appetite, heartburn, abdominal cramps, constipation,
color of stool, menstrual history,etc); biochemical and physical
parameters (height, weight, MUAC, hemoglobin, ferritin,
transferrin receptor) and others (abbreviated nutritional
history, menstrual history, history of other drugs/medicines,etc)
will be determined for the three groups to see if there are
significant differences berween the GDS Iron group, and the
other groups



Ethical considerations :

The study does not expose any of the women to health risks. In
reality, it provides them with a major health service, as it
identifies them as being anemic (which they would not have known)
and offers therapy for this. Any women who are anemic at the end
of the study (placebo group, non-responders)will be given a
supply of iron sulfate and counseled regarding its appropriate
use. Women whose niochemical parameters indicate that the anemia
is probably not the result of iron deficiency will be counseled
regarding seeking the appropriate treatment. The major risks in
the study those resulting from the -drawing of blood for
biochemical test. These risks are minimal.

Personnel and Logistics :

Both studies will be done by the Research Group at Dr.Sutomo
Hospital. The studies will be done concurrently, but with
staggered starting poinst to avoid logistic and personnel
problems. The Reasearch Group will have a study Coordinator, and
investigators. The studies will share ancillary personel who are
two social workers (one for each clinic), two blood drawing
technicians (one for each clinic), and a data
entry/secretary/computer operator.

A computer withr hard disk, monitor and printer will be purchased
for data entry and analysis. The specialized software for data
input and analysis will be provided. Two Hemocue machines with
equepment such as vacutaners/bleeding equepment, laboratory
supplies, computer paper and diskettes will be purchased 1locally
with money provided from the budged. The budget will provide
funds for transport of the women to the clinic appointments, and
for the social workers to visit women who have missed
appointments. Funds will also be provided for training, for
communications and mailing and for publication of the final
report.

Samples will be taken in duplicate (two vacutainers).

Both will be frozen and periodically collected by the AID TAACS
Adviser and sent to the University pof Kansas for determination
of transferrin receptor.

Data analysis will be done by the principal investigators with
the help of the AID TAACS Adviser.
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. GABTRIC DELIVERY 3YSTEM IRON TRIAL

Introduction:

yMaternal mortality in Indonesia is high (MMRatio= 250-718/100,000
LB) . As in most developing countries, the major causes of
maternal mortality are hemorrhage, sepsis and toxemia. Maternal
anemia is a recognized risk factor for maternal death due to
hemorrhage. In one study in Indonesia, the maternal mortality
ratio for anemic women was substantially higher (700/100,000)
than for non-anemic women (190/100,000) . In a study noted in
wWorld Health Statistics 1982, pregnant women in Indonesia had the
lowest average hemoglobin levels among women in 5 countries in
the region. The National Household Health Survey of 19.5/86
showed a prevalence rate of over 73% of anemia in women of

childbearing ages.

There has not been suffici-nt research to document the etiology
of the problem of anemia in Indonesia; however, poor absorption
of dietary iron due to rice-based diets appears to be an
important contributing factor. In other countries in the region,
supplementation of dietary iron with iron sulfate has achieved
reductions of anemia of fifty percent. However, there appears to
be many obstacles to widespread acceptance of iron sulfate
supplementation as a public health strategy for reduction of the
prevalence of anewia. among the problems are the lack of
availability in all areas, the awareness of the need for and
penefit from these iron tablets among women, and the problems of
continued compliance where the tablets are available. Many women
who have access to the tablets simply do not want to take them
pecause of the perception that the side-effects  (nausea,
constipation, etc) outweigh the potential benefits of taking
them.

Recently, a new formulation and delivery system for iron has been
tested, and in trials in Jamaica, appears to significantly lower
the rate of adverse effects while still reducing anemia. If
true, this method of iron delivery would significantly decrease
problems with compliance. This new delivery system is called the
Gastric Delivery System for Iron (GDS Iron). This study proposes
to examine two questions: '

Is the GDS Iron pill as effective in anemic pregnant
women at raising hemoglobin levels as the .standard
ferrous sulfate tablets, and is it better tolerated?

Is compliance less of a problem in non-pregnant women
with the GDS Iron tablet when compared to a standard
ferrous sulfate formulation and a placebo that contains
no iron?

These questions will be answered by two separate trials in
different study populations. The studies will be done in



Surabaya, Indonesia by the research group at RS Dr Sutomo
Hospital. Additional laboratory support will pe provided by
experts from the University of Kansas. Logistic support and
technical assistance will also be provided by the MotherCare
Project through the USAID/Jakarta TAACS Adviser.

TRIAL 1
gummary:

The first trial will take place in a group of anemic pregnant
women and will involve two groups of women. The first group will
be given the GDS Iron pill for a period of 150 days during the
last four months of their pregnancy and the first month
postpartum. The second group will be given the standard ferrous
sulfate therapy for the same time period during the last 4 months
of their pregnancy and the first month postpartum.

After obtaining informed consent, the women in the two groups
will be randomly allocated to each group following screening to
determine that they meet the criteria for gestational age and
anemia. Both groups will be treated identically, seen every 30
days and given pills in packets of 30 pills for a total of 150
days (5 visits prior to birth, at birth and a final time 30 days
following birxth). The women will have hemoglobin, ferritin and
transferrin levels measured at three points during the pregnancy
(entry, 60 days and at birth) and at 30 days postpartunm. The
analysis will compare biochemical parameters with reports of
compliance and side effects in the two groups to determine if the
GDS Iron formulation is as efficacious as ferrous sulfate, and if
it has a higher compliance rate.

Sample size and study length:

Two groups of pregnant women with hemoglobins between 8.0 and
10.9 g/dl will be enrolled, with 150 women in each group. The
women will be recruited from 2 prenatal care clinics. Each
clinic sees an average of 10 women per day, and estimates are
that each week 25 anemic pregnant women will be enrolled per
clinic, for a total of 50 women per week. All the women will be
enrolled by the end of the 6th week of the study. Allowing 120
days for the duration of the pregnancy, and 30 days for the
required follow-up period, two weeks for data entry and cleaning,
and four weeks for data analysis and report writing, the study
will be completed by the end of the 7th month.

Enrollment:

Pregnant women aged 15-45 attending the prenatal clinics will be
enrolled. The goals of the study will be explained to them, and
they will be asked to participate in a screening process to
determine their eligibility. They will have a {ingerstick
hemoglobin determination done by hemocue, and if anemic (8.0-10.9
gm/dl) will be asked to participate in the study. Following



receipt of written informed consent, two vacutainers of blood
will be taken, baseline social, demographic, nutritional, family
planning and previous pregnancy/birth data will be taken. Women
screenad and found to be anemic but not choosing to enter the
study will be told that they are anemic and counseled regarding

taking iron.

Data gathering:

Following the first clinic visit where baseline data and the
first blood sample will be gathered, the women will be seen at
intervals of 30 days. A social worker will interview the women
and record answers to questions concerning compliance and side
effects. Following the interview, women will be given a 30 day
supply of pills and asked to return in 30 days. Women in the
study will have transportation paid for when returning to the
clinic for visits. Women who do not return for the clinic visits
will be visited by the social workers at home if possible. At
the second return visit, at birth, and at 30 days postpartum
blood will be taken for hemoglobin, transferrin receptor and
ferritin. Height, weight and MUAC will be taken also. Blood
will be obtained in a pediatric vacutainer to avoid the
impression of large volumes of blood being taken, which would
decrease participation. The sample will be checked with the
hemocue for hemoglobin and then frozen. Periodically, the TAACS
Adviser will pick up samples and ship them frozen to Kansas for
determination of ferritin and transferrin receptor. Five percent
of samples will also have hemoglobin checked for quality control.
Data will be entered in a database using Epi-Info by a data entry
person.

Data Analysis:

The data will be analyzed first with descriptive statistics and
then by stratified analysis. Following this, logistic regression
will be done if the stratified analysis is not sufficiently
powerful. Socio-demographic variables (age, religion, education,
occupation, number of persons in household, number of children):
reports of compliance and side effects (diarrhea, nausea, loss of
appetite, heartburn, abdominal cramps, constipation, color of
stool); biochemical and physical parameters .(height, weight,
MUAC, hemoglobin, ferritin, transferrin receptor) and others
(abbreviated nutritional history, menstrual history, etc.) will
be determined for the two groups to see if there are significant
differences between the GDS Iron group and the ferrous sulfate
group.

Ethical considerations:

The studx does not expose any of the women, fetuses or babies to
health risks. Rather, it provides the pregnant women with a
major health benefit as it identifies them as being anemic during
their pregnancy (which they would not have known) and offers
therapy for this. Any women who are anemic at the end of the

N
EYAN
H



study (non-responders) will be given a supply of iron sglfate.and
counseled regarding its appropriate use. Women whose biochemical
parameters indicate that the anemia is probably.not the rgsult of
iron deficiency will be counseled regarding seeking the
appropriate treatment. The major rlsks'ln thg study are those
resulting from the drawing of blood for biochemical tests. These

risks are minimal.
study schematic:
Subjects: Anemic pregnant women

Treatment: double blinded GDS-Fe (lSO)/Fngous sulfate (150)
Ooutcome measures: Hgb, Transferrin, ferritin, wt/MUAC, GI sxs

0 30 60 90 120/Birth 30
T yTTTT S T S :
<=mmm—————— Therapy for both groups (blinded)-=-=--- >
Bldg Bldg Bldg Bldg
Laboratory:

Dr Sutomo: Hgb, height, weight, MUAC
U Kansas: Ferritin, transferrin receptor, 5% samples Hgb.

TRIAL 2
summary:

The second trial will take place in anemic non-pregnant women and
will involve three groups of non-pregnant, anemic women. The
first group will be given the GDS Iron pill for a period of 90
days. The second group will be given ferrous sulfate therapy in
an identical appearing capsule for the same time period. The
third group will receive an identical appearing placebo
containing biologically inert ingredients for the same time
period. The study will be double blinded with neither the women
nor the researchers knowing who is in which group. After
obtaining informed consent, the women in the three groups will be
randomly allocated to each group following screening to determine
that they meet the criteria for anemia. All three groups will be
treated identically, seen every 30 days and given pills in
packets of 30 pills for a total of 90 days (3 visits including
final). They will have hemoglobin, ferritin and transferrin
levels measured at three points (baseline, 60 and 90 days) and
the analysis will compare biochemical parameters with reports of
compliance and. side' effects in the three groups. This data will
be used to draw conclusions as to whether the GDS Iron pill is
significantly better (less side effects, higher degree of
compliance, decreases rates of anemia) than the standard ferrous
sulfate pill or the placebo.



Gampla 3izo and study length:

Threes groups of non-pregnant women with hemoglobins between 8.0
and 10.9 g/dl will be enrolled, with 100 women in each group.
The women will be enrolled from two busy family planning clinics.
Each clinic sees approximately 50 patients per day and it is
estimated that each week 25 women meeting the- criteria will be
enrolled, for a total of 50 women for the two clinics. Thus, the
three groups of 100 women will require 6 weeks to enroll.
Allowing 90 days for the duration of the study, 2 weeks for data
entry/cleaning, four weeks for analysis and report writing, it
will require 6 months to finish the study.

Enrollment:

Menstruating women aged 15-45 attending the family planning
clinics who ares not pregnant or breast-feeding will be enrolled.
The goals of the study will be explained to them, and they will
pe asked to participate in a screening process to determine their

eligibility. They will have a fingerstick hemoglobin
determinatic: done, and if anemic (8.0-10.9 gm/dl) will be asked
to participc.e in the study. Following receipt of written

informed consent, two vacutainers of blood will be taken,
baseline social, demographic, nutritional, family planning and
previous pregnancy/birth data will be taken. Women screened and
found to be anemic but not choosing to enter the study will be
told that they are anemic and counseled regarding taking iron.

Data gathering:

Following the first clinic visit where baseline data will be
gathered, the women will be seen at intervals of 30 days. A
social worker will interview the women and record answers to
questions concerning compliance and side effects. Women in the
study will have transportation paid for when returning to the
clinic for visits. Women who do not return for the clinic visits
will be visited by the social workers at home 1if possible. At
the third and fourth visits (60 days and 90 days) blood will be
taken for hemoglobin, transferrin receptor and ferritin. Weight
and MUAC will be taken at each visit also. The hemoglobin and

ferritin w}ll be determined at Dr Sutomo Hospital. Frozen
samples ‘W}ll be sent to the University of Kansas for
determination of transferrin receptor. Five percent of samples

will also have hemoglobin and ferritin checked for quality
control. Data will be entered in a database using Epi-Info by a
data entry person.

Analysis:

The data will be analyzed first with descriptive statistics and
then by stratified analysis. Following this, logistic regression
will be done if the stratified analysis is not sufficiently
powerful. Socio-demographic variables (age, religion, education,
occupation, number of persons in household, number of children,



etc.); reports of compliance and side effects (diarrhea, nausea,
loss of appetite, heartburn, abdominal cramps, constipation,
color of stool, menstrual history, etc.); biochemical and
physical parameters (height, weight, MUAC, hemoglobin, ferritin,
transferrin receptor) and others (abbreviated nutritional
history, menstrual history, history of other drugs/medicines,
etc.) will be determined for the three groups to see if there are
significant differences between the GDS Iron group, the ferrous
sulfate group and the placebo group.

The analysis will be done in Surabaya by the principle
investigator and co-investigators with the assistance of the

TAACS Adviser.
Ethical considerations:

The study does not expose any of the women to health risks. In
reality, it provides them with a major health service, as it
identifies them as being anemic (which they would not have known)
and offers therapy for this. Any women who are anemic at the end
of the study (placebo group, non-responders) will be given a
supply of iron sulfate and counseled regarding its appropriate
use. Women whose biochemical parameters indicate that the anemia
is probably not the result of iron deficiency will be counseled
regarding seeking the appropriate treatment. The major risks in
the study those resulting ‘from the drawing of blood for
biochemical tests. These risks are minimal.

8tudy schematic:

Subjects: 300 anemic menstruating women:
GDS 100 women
FeS04 100 women

Placebn 100 women

Treatment: double blinded GDS-Fe/Ferrous sulfate/placebo
Outcome measures: Hgb, Transferrin, ferritin, wt/MUAC, GI sxs

Scrng

0 30 60 90
| =====nmm- | ====m-m- | -=-==-- |

1 2 3 4

<--Blinded therapy X 3 groups->
Bldg Bldg Bldg
Laboratory:

Dr Sutomo: Hgb, weight, MUAC
U Kansas: Ferritin, transferrin receptor, 5% samples Hgb



?arzennel and Logisties:

goth studies will be done by the Research Group at RS Dr Sutomo
Hospital. The studies will be done concurrently, but with
staggered starting points to avoid logistic and personnel
problems. The Research Group will have a Study Coordinator, and
each study will have a Principal Investigator and Co-
investigators. Where possible, the studies will share ancillary

personnel.

A computer with hard disk, monitor and printer will be purchased
for each study for data entry and analysis. The specialized
software for data input and analysis will be provided by the
TAACS Adviser, as well as assistance in using it. Four Hemocue
machines with sufficient cuvets for all samples will be
purchased. Other equipment such as vacutainers/bleeding
equipment, laboratory supplies, computer paper and diskettes will
be purchased with money provided from the budget. The budget
will provide funds for transport of the women to the clinic
appointments, and for the social workers to visit women who have
missed appointments. Funds will also be provided for training,
for communications and mailing and for publication of the final

report.

samples will be taken in a pediatric vacutainer to avoid the
impression of large volumes of blood being taken which would
decrease participation. The hemocue machine will be used to
determine hemcglobin. Following this, it will be frozen and
periodically collected by the TAACS Adviser and sent to the
University of Kansas for determination of ferritin and
transferrin receptor. Five percent of those sent to Kansas will
have hemoglobin values checked for quality control purposes.

Data gnalysis will be done in -Surabaya by the principal
;gvgstlgator' and co-investigators with the help of the TAACS
viser.
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EXECUTIVE SUMMARY

The first shipment of samples from the gastric delivery system (GDS) project
in Surabaya arrived at the Unive.rsity of Kansas Medical Center in poor condition.
Therefore, Dr. Samuel Kahn of the Office of Nutrition at the US Agency for
International Development (USAID), Washington, DC, and Dr. James Cook of the
University of Kansas Medical Center, requested that Carol Flowers travel to
Indonesia to observe, first-hand, the collection and processing of samples for
storage and also the preparation of these samples for shipment to the U.S.A. Dr.
Kenneth Farr of the USAID Office in Jakarta, Indonesia gave authorization for this
visit.

The goal of this consultancy was to visit the GDS project, meet with the
principal investigator and the project coordinator and discuss the collection and
preparation of the samples for storage and for shipment. In addition, aims were to
visit the clinics to observe the methods of collections, processing and storage of
samples. In the event this process could be improved this would be discussed with
the principal investigator and a list of recommendations left in country.

In addition, the consultant would provide instruction and assistance in the
preparation and packaging of the remaining samples and duplicates of samples

from the original failed shipment, for transport to the University of Kansas.

A. Key Findings
1. The first shipment of samples to Kansas arrived thawed with no dry ice

evident. The labels were not suitable for freezing and had come loose on
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many tubes. Marking of the tubes had been done with non-permanent ink.
When the labels became wet, on thawing, the ink ran, making many of the
numbers unreadable. Values for the transferrin receptor measurements
were lower than expected’in samples from iron-deficient women, indicating
there had been some deterioration of the samples.

Blood samples were not collected into fresh, clean and sterile vacutainer
tubes. The tubes used for processing were not adequately washed to
prevent possible cross-contamination or bacterial contamination of the blood
if they were at ambient temperature for any length of time.

The samples were stored and shipped in glass tubes which risk breakage
from repeated freezing and thawing or rough handling during shipment.
The freezer in which the samples were stored malfunctioned over one
weekend. The samples thawed before they could be transferred to another
freezer.

Finger-stick methods employed during the study often necessitated milking
of the finger to obtain blood for hemoglobin (Hgb) readings, introducing the

possibility of artificially low values.

B. Key Recommendations

1.

Shipments of samples should be inade more often during the term of the
project with enough dry ice to make the entire journey. Adequate
instructions should be given for proper preparation and packing to persons

involved in this process.
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2. Adequate supplies should be provided for proper collection, processing and
storing of samples.

3. Incorporation of laboratory or technical personnel into the planning stage of
the project would be crucial.

4. Adequate supervision at the outset of the project would catch potential

difficulties before they become major problems.

PURPOSE OF VISIT

The University of Kansas is providing laboratory. support for the Indonesian
GDS project. Unfortunately, the first shipment of samples arrived in very poor
condition and consequently may not be fully used. Because there appears to be
a problem in the correct preparation and shipment of the samples, both
R&D/H/Office of Nutrition and the University of Kansas felt the latter should send
one of their staff to oversee the process of sample collection and shipment
preparations in order to ensure arrival of viable samples.

Under this scope of work, Carol Flowers would meet with Dr. Poedji, the
principal investigator, to discuss the process for collection and preparation of the
samples for shipment. Methods would include first-hand observation and evaluation
of the practices used by persons involved in the GDS project for the collection,
processing, and storage of blood samples, visits to the clinics and health center
where the actual blood collections were done, discussions with key personnel to
assess any potential areas where problems may have occurred, instruction and

assistance with preparation and packaging of the remaining samples and
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duplicates of the first failed shipment, and return with viable samples to the

University of Kansas Medical Center for laboratory analysis.

BACKGROUND

It is presently estimated that over a billion people in the world are anemic and
that the major cause of this anemia is a deficiency in the supply of dietary iron
relative to the iron needs of the population. The population segment most
vulnerable to this nutritional iron deficiency is pregnant women. The global
prevalence of nutritional anemia during pregnancy exceeds 50% and although this
figure is much higherin Third World countries, no region is exempt. Recent studies
have highlighted the significance of iron deficiency anemia during pregnancy. Mild
anemia is associated with an increase in the rate of premature delivery and low
birth weight, whereas more severe anemia is estimated to account for up to 20%
of maternal deaths during parturition. In the light of the'dismal success in reducing
the global prevalence of anemia in this highly vulnerable segment of the
population, there is a need to develop novel methods to improve the iron status
of pregnant women.

For the past several decades the provision of oral iron supplements to pregnant
women has been the primary method to decrease the prevalence of anemia. A
commonly cited reason for the ineffectiveness of iron supplementation in the
developing countries is the reluctance of women to adhere to a regimen that is
often associated with gastrointestinal side effects. One way of circumventing this

problem is to supply iron in a slow release form while retaining it in the stomach,
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proximal to the iron absorbing region of the small intestine, a formulation referred
to as GDS. Recent studies indicate that this preparation not only eliminates the
side effects of oral iron but also results in a more efficient assimilation of the
nutrient.

There has not been sufficient research to document the etiology of the problem
of anemia in Indonesia; however, poor absorption of dietary iron from rice-based
diets appears to be a contributing factor. Recently, the new delivery system GDS
has been tested in field studies in Jamaica and it appears to significantly lower the
adverse side effects while still reducing anemia. This would then decrease
problems with compliance. Therefore the present study was undertaken in two
separate trials in Surabaya, Indonesia. The first trial would assess the ability of the
GDS formulation to reduce anemia in pregnant women while reducing side effects
in comparison with the standard ferrous sulfate tablet. The second trial would
assess compliance in groups of anemic non-pregnant non-lactating women.

These studies would be done at the Dr. Soetomo Hospital by the research
group there and the laboratory analysis of samples collected during the study
would be done at the University of Kansas Medical Center.

It was expected that, because of the low Hgb values, the measured transferrin
receptor levels would range from normal levels to those elevated due to increased
erythropoiesis in iron deficiency anemia. However, study samples which arrived in
Kansas for evaluation had unusually low receptor levels indicating deterioration of
the samples. This was most likely due to increased temperature during shipment
as they had arrived with no dry ice and completely thawed. Because of the poor

condition of the samples when they arrived it was suggested that an attempt be
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made to determine the cause and salvage the rest of the study by transporting, by

hand, the remaining samples and the duplicates of those already sent.

TRir ACTIVITIES

On Friday July 9, | left Kansas City for Indonesia carrying a large cooler with
which to transport frozen plasma samples to KU from Surabaya. Phone calls to
airline agents and officials had assured us there would be no problem transporting
the samples on board the airplanes, provided the proper letters of verification of
the non-hazardous nature of the shipment were in hand. These letters were
supplied by the Department of Health and Human Services, Centers of Disease
Control in Atlanta, Georgia and the USAID office in Jakarta, Indonesia.

On Sunday, July 11, | arrived in Jakarta, Indonesia and on Monday met with
Mission officials at USAID in Jakarta for briefing. | met with Mary Jo Hansell and
Ratna Kurniawata to discuss the condition of the samples as they had arrived in
Kansas City. We discussed my scope of work and the concerns that the project
was salvageable. | listed for them the things | needed to accomplish in Surabaya
to make it so. We also discussed Dr. Kahn's hopes to obtain individual Hgb values
for each blood sample collected, and Dr. Cook's desire to obtain a copy of the
revised protocol as it was finally administered. Ratna gave me the letter for
Customs Officials to aid in return of the samples to the USA. | met Dr. Kenneth
Farr when he delivered this letter to Ratna.

On Tuesday, July 13, | flew to Surabaya where | was met by Dr. Marsianto. We

discussed the layout of the Dr. Soetomo Hospital and the logistics of sample
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collection, processing, and finally transportation for freezing and storage. He
described the distances from clinics and health centers to the central storage area
and the time taken for each day's activities. Dr. Marsianto indicated that samples
collected from the two pregnancy clinics at the hospital were frozen immediately
after collection and separation of the plasma, however because the power supply
to the clinic area was unreliable they were transferred and stored in a freezer
located next to the operating room (OR). This electricity was more dependable,
however, the freezer did malfunction over one weekend and the thawed samples
had to be transferred to another on Monday. The samples from the Mojo Health
Center were kept at the center until the day's collection was complete then carried
back to the hospital where they were processed in the delivery room, which is one
of the few areas open 24 hours a day. The rest of the hospital closes at 1:00pm.
Ambient temperature during these collections was 25-30° C.

On Wednesday, | met with Dr. Poedji to discuss the problems with the original
shipment and my schedule of activities while at Dr. Soetomo hospital. She gave
some background information of the medical situation in Indonesia. There are four
types of hospitals in the country, types A,B,C and D. There are only two type A
hospitals in Indonesia, one in Jakarta and Dr. Soetomo in Surabaya. These have
all areas of specialization and sub-specialization. The Dr. Soetomo hospital has
1500 beds in the inpatient area and each of the outpatient clinics sees between
50 and 200 patients a day. The hospital closes at 1:00pm Monday -'Thursday and
Saturday, but closes at 11:00 am on Friday as most of the staff are Moslem and

this is their time of worship. Type B hospitals employ only doctors in five or six
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areas of specialization and type C only three or four. Type D are the Health
Centers located in each provincy.

| was introduced to, and chatted briefly with, the hospital director, Professor
Karjadi Wirjoatmodjo. We theh walked to the Obstetrics and Gynecology
Department where | met with the head of the department, Professor R. Prajitno
Prabowd. From here we visited the Pregnancy Clinic | where the first part of Trial
| took place. Here | watched while the nurse screened a patient for Hgb with a
finger-stick and HemoCue reading. The Hgb was in the target range of 8.0-10.9,
therefore 3 cc of blood was drawn via venous puncture using a sterile syringe with
needle. The blood was transferred to a vial containing.powdered EDTA and mixed.
It was then transferred to another tube for centrifugation and separation of the
plasma from red cells. The plasma was pipetted to a small vacutainer tube using
a glass transfer pipet, sealed with a stopper and immediately frozen in a small
freezer located in the clinic. At the end of the day, these tubes were carried to the
central freezer located in the OR. After each sample was drawn the vial, tube, and
pipet were washed with soap and water or just water and inverted to dry for the
next day's collections.

Then we visited the Pregnancy Clinic Il where the second half of Trial | was
conducted. The women seen in this clinic were from families of government
workers, with a higher standard of living than those in Clinic I. The process was
essentially identical to that in Clinic | except the distance to the central freezer was
longer.

The methods employed at both clinics for obtaining blood from finger-sticks

encourages milking of the fingertip and can sometimes give artificially low Hgb
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measurements. | was concerned that the vials, tubes and pipets were reused again
and again without proper washing procedures. This can introduce cross-
contamination or bacterial contamination if the biood is at ambient temperatures
for extended periods of time.

Dr. Marsianto indicated that there is an inherent problem, in Indonesia, with the
study design. There is a prevailing fear or reluctance to have blood drawn from
venipuncture. Many subjects were lost because of the number of blood draws
involved in completion of the study.

On Thursday, | met the midwives involved in Trial Il with non-pregnant anemic
women at the Mojo Health Center; | met with the director of the health center
briefly and,because there were no patients there,we went to do home visits for the
follow-up blood collection on some of the study subjects. We only found one of
these subjects at home. The blood was drawn from finger-stick for Hgb and then
from venipuncture with a 3 cc syringe. The blood was transferred, as before, to the
vial containing EDTA. However,after mixing, it was carried in the vial during the
rest of the trip until we reached the hospital. We walked to the area's community
center where blood was drawn from one of the nurses for an additional fresh
sample. From here we walked back to the Delivery Room, where the centrifuge is
located, for separation of the plasma. The processing was the same from this point
as | have described for the other clinics. However, if there were more patients in
one day than available centrifuge tubes, those already used were rinsed, shaken
dry, and reused for subsequent samples. Residual water in these tubss would
slightly dilute subsequent samples. The Delivery Room staff were in the midst of

several deliveries while we were working there.
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In the afternoon | met the laboratory personnel who would be assisting in the
preparation and packaging of samples for transport to the USA. A schedule of
activities was set up as special arrangements had to be made since we would be
working in the afternoons, after regular work schedules had finished. We spent the
rest of the day sorting and remarking samples with permanent markers.

Thursday and Friday were spent at the OR freezer sorting and remarking
samples. This would not have been necessary if the markings had been in
permanent ink and proper storage racks had been supplied initially so that
duplicate samples could have been separated at the time of collection.

On Saturday, the tubes were packed 10-15 per group, wrapped with a rubber
band and packed into individual Ziploc bags, each bag was secured with an
additional rubber band. This method of packing was used to ensure adequate
cushioning for the tubes in the least possible space. The samples were returned
to the freezer as soon as each package was complete. On Monday morning, all
samples would be packed in the cooler with 30 Ibs of dry ice.

| met with Dr. Péedji and discussed my findings and recommendations with her,
returned to the hotel where | drafted these recommendations, and had them typed
for her.

Monday, after final packing, we travelled to the airport where we encountered
difficulties with the Singapore Air agents. They insisted that an excess baggage
ticket be purchased if the cooler was to travel with me on the plane. | had no
difficulties at the Singapore Airport or on the NorthWest Airlines flights. However,
| had problems again with the agents for American Airlines in Chicago. It is my

belief that a phone call from an embassy official to the airport personnel for each

Page 11

1



of the airlines would have completely eliminated all of the difficulties that |

encountered. Apparently telephone calls to the airlines alone were not sufficient.

RESULTS/CONCLUSIONS

The trip to Indonesia allowed me to make observations of the actual blood"

collections and processing at the various clinic sites. | was able to view actual

procedures done by the personnel involved in the two research trials. This enabled

me to determine several potential problem areas. There may be several factors
that have acted in concert to affect the measured protein values. These would
have a cumulative effect on the plasma samples.

1. The most significant factor may be the actual shipment of plasma to Kansas.
These arrived thawed with no dry ice evident. It is not known how long they
were in this condition. There was either not enough dry ice to make the entire
journey or it was not replenished in Singapore as had been previously
arranged.

2. During the actual collection of samples, the heat of the Surabaya -climate
seems only a possible factor in those samples collected at the Mojo Health
Center. These would have been at ambient temperature for 2-4 hours, either
at the center or on home visits, until they could be processed at Soetomo
hospital. The plasma may have warmed while being prepared for shipment,
however, either of these conditions would only contribute to small losses.

3. Some of the earlier samples from the studies thawed when the OR freezer

malfunctioned over a weekend. These were transferred to another freezer on

Page 12



Monday, however it is not known how long they were thawed or how warm they
got.

. A factor in the low receptor values may also be the lack of adequate supplies
for the blood collection, procéssing and storage. The blood was collected into
vials containing EDTA prepared by the labcratory personnel. It was mixed and
transferred to centrifuge tubes, centrifuged and then transferred to clean 3 mi
glass tubes with a glass transfer pipet. This glassware was either rinsed or
washed with soap or detergent and allowed to air dry. Blood proteins stick
tenaciously to glass surfaces and with inadequate washing procedures these
would carry over to the next sample. Any residuat soap would also carry over.
Bacterial contamination is a possibility if the blood samples are kept at ambient
temperatures for extended periods of time. Any of these factor could affect
measured proteins values.

. It there were more samples in a day's collections than there were available
centrifuge tubes, these were rinsed, shaken dry and reused for subsequent
samples. Any residual water left clinging to the surfaces would dilute the next
sample.

. Adequate supplies were not provided for proper storage of the samples.

. The finger-stick methods employed by the nurses troduced the possibility of
artificially low Hgb values. These were only measured on the first and last
blood draws.

. Mike Linnan is the only person with the keys to the capsule codes as

administered in the final revised protocol.
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VI

9. Analysis of a representative sampling of duplicate tubes of plasma returned
with me to KU indicates the transferrin receptor values average 30% higher
than those measured on the same samples from the May shipment. This would
point to the shipping process as the major factor in the deterioration of the

samples.

| believe that inadequate attention was given to technical details for completion
of this project. A few more dollars spent on permanent markers and proper storage
containers would have eliminated many problems. More careful attention to the
process of packaging and shipment of samples plus an ad~quate supply of dry ice

would have prevented deterioration of samples.

RECOMMENDATIONS

It is my feeling that if a future project hopes for the best possible results there
are several points that need careful consideration.

1. More frequent shipments should be made to the USA with careful attention
given to proper packaging procedures and an adequate supply of dry ice inside
the fcam container to make the entire journey to the US without replenishment.

2. Care should be given that samples are handled the shortest amount of time
and the least number of times.

a. Individual blood collection tubes containing EDTA should be provided.

b. Storage tubes should be provided that are appropriate for freezing and

shipping. These should be polypropylene microtubes with snap-caps or
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NOTE:

screw-caps. These should have frosted "write-on" surfaces. Humidity in
Indonesia makes adhesive labels unusable.

c. Storage racks or containers which take little space would facilitate
separation of duplicates | as they are collected rather than trying to
accomplish this when preparing samples for shipping.

Markers that have permanent ink are imperative.

Disposable transfer pipets for transferring plasma to the freezing tubes would

be an ideal solution, however, lacking this, a detailed protocol of stringent

glassware washing procedures would be essential.

Input from laboratory personnel at the planning stages of the project would be

extremely helpful.

Close supervision by USAID/John Snow, Inc. (JSI) personnel at the outset of

the project might help spot potentials problems early.

Contact of an embassy official with airport personnel of authoritative position

would avent difficulty in transportation of samples to the USA.

If samples are carried by USAID or JSI personnel, | would recommend carrying

bungee cords for tying down the container on board the aircratt.

More frequent shipments of samples would eliminate the potential for losses

of major portions of any study.

Federal Express does have service out of Surabaya. This would probably

make more frequent shipments easier.
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JOINT MICRONUTRIENT MISSION
IRON PERSPECTIVE

Executive Summary

A.

Assessment

1.

The National Nutrition Survey conducted at 5 years intervals in the
Philippines in more than 3000 households provides an adequate data base
to monitor the prevalence of nutritional anemia.

It is strongly recommended that serum ferritin determinations be performed
in a high proportion of sampled individuals to establish the true prevalence
of iron deficiency anemia (IDA) rather than the prevalence of all types of
anemia. This is especially important in adult males and individuals over 50
years of age who often have anemia that is not IDA. Serum ferritin
measurements are less important in high risk groups for IDA such as
pregnant women and infants under the age of 12 months.

The extent to which malaria infection is contributing to the prevalence of
aremia in population studies should be determined.

Studies are needed to establish appropriate hemoglobin cut-off levels for
anemia in the Filipino population and specifically whether WHO criteria are
valid in the Philippines.

Selected field studies are needed to determine the contribution of parasitic
infection to IDA and the benefit of controlling related infections.

Given the large variety of methods currently used to measure hemoglobin
levels, efforts at standardization are important. Purchase of a limited
number of portable hand-held digital instruments such as the HEMOCUE
system would be helpful for periodic calibration of measurements in local
health clinics and laboratories.

Supplementation

1.

Efforts to provide iron supplements to all pregnant women and low birth
weight infants without prior hemoglobin determinaticns should be
strengthened because the iron needs of these groups can only be met by
medicinal iron. These programs should be revised to expand coverage and
increase efficacy.|f there is going to be a significant delay in the introduction
of iron-fortified weaning foods, a case could be mac'> for universal iron
supplementation of all infants between 6 and 12 months of age.

On the other hand, it is unlikely that supplementation programs which
require detection of anemia by a hemoglobin determination before providing
supplements (screening-based intervention) are cost-effective. The
investment in procuring laboratory equipment, training of personnel, and
maintaining laboratory supplies would be better invested in the development
of fortification programs to prevent rather than treat IDA.

Because many children with moderate or severe protein-energy malnutrition
do not suffer from IDA initially, it may not be advisable to target iron
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supplements to them. Provision of iron-enriched food supplements should
meet the relatively modest increase in their iron requirements.

Because prior studies by FNRI personnel have shown that many
commercial preparations of medicinal iron are very poorly absorbed, strict
pharmaceutical guidelines should be established and implemented. The
use of UNICEF tablets should be strongly encouraged because of high
bioavailability and low cost.

Studies to improve compliance and efficacy of iron supplementation
programs in pregnancy should be developed once supply problems in
regional health clinics are solved. It is possible that innovations such as
one tablet taken daily at bedtime and encouragement tc continue
supplements for a few days despite minor side effect will increase
effectiveness.

The efficacy and cost effectiveness of newer iron delivery systems which
eliminate gastrointestinal side effects such as the gastric delivery system
(GDS) should be examined in small pilot studies.

Consideration should be given to the use of simple inexpensive screening
methods to monitor compliance rates in pilot efficacy studies of
supplementation. Examination of tissue paper fecal samples using a "spot"
test for iron could be an effective way of checking for recent ingestion of
iron tablets.

Fortification

1.

Efforts to develop iron-enriched foods should be given the highest priority
for the control of IDA. Fortification of a staple food such as rice or wheat
and the development of inexpensive weaning foods are of key importance.
No more than one iron-fortified staple food consumed by adults should be
introduced at a time. The effect of one fortified food on the iron status of
the population should be fully assessed before introducing a second fortified
product.

The preliminary studies of iron-enriched rice ("FVR" rice) are promising but
additional work is required to establish the feasibility and effectiveness of
using this vehicle when extended to a production level. This includes
studies of availability of the fortificant (radioisotopic measurements in
humans), losses of the added iron during preparation of the rice in a home
setting, evaluation of untoward color or taste reactions when consumed with
a normal diet, etc. The establishment and support of a task force for rice
enrichment is strongly encouraged.

Further studies are needed to evaluate the potential for fortifying wheat

- flour in view of the expanding consumption of wheat-based foods (20% of

cereal consumption in Metro Manila). The strong appeal of this vehicle is
that there are only 12 milling facilities in the country (all in Manila) and that
the technology for fortifying wheat with iron is fully established and
immediately available.

There is an urgent need for iron-fortified weaning foods to cover the iron
needs of infants. Attention should initially be focussed on Insomix, a low-
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cost weaning food which is prepared at the household level. An iron-
enriched rice premix (packets) could be used.

D. Dietary Modification

1. Further studies on the effectiveness of dietary modification such as
promoting the intake of iron-rich foods and foods high in ascorbic acid are
needed before promoting widely this approach as a means of controlling
IDA. Increasing the consumption of meat, fish and poultry will be effective
but it is unlikely that the diet can be altered sufficiently in low income
segments of the population to influence iron balance.

* Denotes proposals that will require preliminary work to establish feasibility before
implementation

Prevalence and Causes of lron Deficiency Anemia

There is abundant evidence available from reports obtained prior to, and during, the JMM
that there is a exceptionally high prevalence of iron deficiency anemia (IDA) as judged
by isolated hemoglobin or hematocrit measurements. The most recent information is the
Food and Nutrition Institute (FNRI) 1987 National Nutrition Survey which showed a
prevalence rate for anemia of 70% in 6 month to 11 month old infants and a rate of
approximately 40% in children aged 1-12 years. The prevalence of anemia in adult
women and men was 39 and 21% respectively while the rates in pregnant and lactating
women were 45 and 51% respectively.The overall prevalence for all ages and sexes was
37.2% These prevalence figures are among the highest of any country from which anemia
survey data is available.

The prevalence rates for anemia in the Philippines have not only been stable for many
years but appear to be increasing in most age and sex categories. When the 1987
figures are compared with the same FNRI national survey performed in 1982, the
prevalence of anemia in the under-one-year olds was only 51% in 1982 as compared with
70% five years later. In general, the 1982 figures were about 10 percentage points lower
than in 1987; the composite prevalence rate was 27% in 1982 and 37% in 1987.This
trend of increasing anemia prevalence is also evident when compared to surveys in mid-
1970's, at least in certain age and sex categories. In one such survey conducted in 2351
individuals (Marzan AM. Phil J Nutr, 1976:14-24), the prevalence rate in adult men was
only 7% as compared with 21% in 1987. The prevalence of anemia in pregnant women,
however,has remained stable over this period at about 45%. While there may be other
factors contributing to the apparent increase in the prevalence of IDA such as sampling
design or differences in laboratory methodology, there seems to be little doubt that iron
deficiency remains a serious public health problem in the Philippines and that measures
to reduce IDA during the past decade and a half have not been effective.

The increasing prevalence of anemia in the Philippines raises the question of whether
causes of anemia other than iron deficiency may be contributing significantly. In recent
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national surveys, there has been no attempt to obtain more specific laboratory indices of
IDA such as serum ferritin levels although these assays may be performed in some age
and sex categories in the present national survey that will be concluded later this year.
There is no reason to suspect that the major cause of anemia is not iron deficiency in
high risk segments of the population such as infants and pregnant women. In isolated
studies, iron deficiency has actually been confirmed in the latter group. In a recent study
in 88 healthy primigravidas, the mean serum ferritin in first trimester was 22.6 ng/ml but
by the time of delivery, over 80% of women had ferritin levels below 12 ng/m!, the widely
accepted cut-off level for iron deficiency. Virtually all of the anemic women had serum
ferritin levels in the diagnostic range for iron deficiency. (Perlas et al., SE Asian J Trop
Med Public Health 1992;23:691-697).

The reliability of isolated hemoglobin levels as an index of IDA does become a significant
question in lower risk segments of the population. For example, it is very doubtful that
the primary cause of anemia in individuals over 60 years of age in the 1987 survey
(prevalence, 47%) is IDA and it also unlikely that the 20% rate of anemia in adult men
is due to iron deficiency.Two factors could explained these anemia figures. The first is
that the normal hemoglobin leve!in Filipinos is lower than in the predominantly Caucasian
populations on which the current WHO cut-off levels for anemia are based. It is now
evident, for example, that the meari hemoglobin in African-Americans is an average of
0.8 gm/100 ml lower than whites resulting in a correspondingly high prevalence of
anemia in blacks. The other possible explanation for the high anemia rates in certain
segments of the Filipino population is disorders other than iron lack such as chronic
infection, inflammatory disease or protein deficiency. Chronic disease states rather than
IDA accounts for most of the anemia seen in elderly subjects and are the probable
explanation for the high prevalence of anemia in the national survey. This fact has
already prompted workers at the FNRI to perform serum ferritin levels in a significant
proportion of the elderly subjects in the current national survey and it strongly advised that
this assay be peiiurmed in as many of the low or intermediate risk segments of the
population (e.g. adult men and women) as possible . These measurements will provide
far more reliable indices of IDA and will avoid investing large amounts of funds to alleviate
anemia due to causes other than iron deficiency. This of great importance because the
objective of the iron portion of the micronutrient initiative is to reduce the prevalence of
IDA, not anemia.

There have been few, if any, recent studies in the Philippines to identify specific causes
of iron deficiency or explain the increasing prevalence rates. ltis, in fact, very difficult to
do this assessment because the etiology of iron deficiency a given population is usually
obscure. As in all populations, the predominant cause is an imbalance between dietary
iron supply and accelerated iron needs due to growth and pregnancy.Data are available
on the average iron intake of different segments of the population in the Philippines but
these are of limited value because the bioavailability of iron is far more important than
total dietary iron intake. Apart from meat,poultry and fish consumption which are of
unquestioned importance by virtue of the highly available heme iron they contain, the key
dietary determinants of iron status are poorly understood. Nevertheless, it is likely that
the increasing prevalence IDA in the Philippines is related to a reduced quality of the diet
because of economic constraints. There are virtually no iron-fortified foods available to

s

7/\



Page 5

segments of the population in greatest need. For example, the very high rate of anemia
in infancy is clearly due to the lack of available iron-fortified weaning foods and formulas
that have virtually eliminated IDA in infancy in most industrialized countries. lron
supplementation for anemic infants is being considered at the present time but has not
be implemented in any significant portion of the county. One important potential cause
of iron deficiency which is of uncertain significance in the Philippines is parasitic infection.
Hookworm, the only parasite with an undisputed association with iron deficiency, appears
to be relatively uncommon. It is doubtful that other parasites such as tapeworm are
important causes of iron deficiency. It is possible that the iron deficiency program would
benefit by field studies to determine the major correlates of parasitic infections with IDA.

There have been several studies of iron supplementation in pregnant Fipino women and
because this is an important component of the iron program in the Philippines, the results
of one of the larger trials, performed nearly a decade ago, will be reviewed here.! In a
preliminary study, the bioavailability of iron from a ferrous sulfate tablet obtained from
UNICEF was compared with ferrous sulfate obtained commercially in the Philippines and
with a preparation marketed in the USA. Each of the iron preparations was given to
fasting subjects and the rise in plasma iron was measured. The volunteer subjects
included 101 healthy, young, non-pregnant women who were evaluated using a cross-
over design in which the absorption from a solution of chemical grade ferrous sulfate was
compared with one of the commercial preparations. The relative bioavailability of the
UNICEF tablet was 71% and 80% when measured in separate studies whereas the US
preparation was 98% available. In contrast, the bioavailability of two commercial
preparations obtained in the Philippines was 9.1 and 10.4% . When based on the cost
of bioavailable iron, the two locally manufactured tablets were more expensive than the
cost of the imported tablet by a factor of two.

This study was followed by a large field study of iron supplementation in pregnant
mothers in which compliance and efficacy of several iron preparations were assessed.
The study was conducted in 112 barangays (villages) in 9 municipalities of Bulacan, a
province approximately 45 km northeast of Manila. Pregnant women between week 18
and 24 of gestation and with hemoglobin above 8 g% were entered into the trial. The
key comparisons were as follows: UNICEF - 60 mg iron daily without supervision,
UNICEF - 120 mg iron daily without supervision, UNICEF - 60 mg iron daily with
supervision, and UNICEF - 120 mg iron daily with supervision. Thus, two dose levels
(one or two tablets daily) were compared using both supervised and uns:.gervised
administration. Follow-up examinations of hemogiobin and serum ferritin were obtained
at intervals up to 100 days. A total of 1661 pregnant mothers were surveyed but only
30% or 502 qualified and of these, there was a high drop-out rate of 10% after 30 days,
20% at 60, and 30% at 100 days.

'"This and other studies are summarized in a monograph obtained at FNRI entitled "Coordinated
Research Program for the Control of Nutritional Anemia in the Philippines (1980-1982). This will be
referred to subsequently as the CRPCNA monograph.
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The hemoglobin response indicated that IDA was the primary cause of the high
prevalence of anemia in these pregnant women. In contrast to the decline of
approximately 1 g/100 mlin hemoglobin in the placebo group, the hemoglobin increased
in all women given some form of iron. The most dramatic response occurred in women
given a single UNICEF tablet with supervision (hemoglobin 12.3 g/100 ml as compared
to a baseline of 10.2 g/100 ml). In the unsupervised group, a slightly higher hemoglobin
response was obtained as compared with one tablet daily but the response differences
were not dramatic. It should be noted that the most common cause for the high drop-out
rate was the side effects of iron.

Current Perspectives and Priorities
A. Government Perspective

From the comments of Secretary Flavier, Undersecretary Tan, and other
government officials, there is a good deal of uncertainty about the optimal program
in the Philippines to control IDA and during our initial interaction with government
officials, they expressed a need for "help" in developing an appropriate program.
At the same time, they did not seem to be disinterested in the anemia problem but
instead seemed committed to including IDA in their micronutrient program. Thus,
from the government perspective, the initiatives for IDA are in their infancy and
there is awareness of need to bolster this component of their micronutrient
initiative.

B. Community Leaders, Industry, and NGO Representatives

There is a similar degree of unfamiliarity with what needs to be done to control IDA
by these potential contributors to the micronutrient initiative. In our site visits,
many community leaders were unaware of iron deficiency as a nutritional problem
aithough there was knowledge that anemia is a nutritional concern. There has
been far more emphasis on the importance of Vitamin A and iodine deficiency
within the country and less awareness of what can, and should, be done about
IDA. Industry has invested no special effort in iron fortification of food products but
in our discussions at the NFA, this interest is developing because of the publicity
given to FVR rice. Likewise, NGO representatives have been focussed more on
efforts to alleviate iodine and Vitamin A deficiency although most are aware of the
anemia problem within the country. There is a lack of support for the control of
IDA among NGO representatives and a major question is what agency will
undertake this initiative as their primary objective. Whereas the interest in Vitamin
A deficiency is well represented by HKI and iodine deficiency is spearheaded by
UNICEF, no agency has committed their resources to the control of IDA. Although
we do not have the opportunity to discuss this problem with the WHO
representatives within the Philippines, interest in the control of IDA by WHO was
commented upon indirectly on different occasions. It would helpful if Linda Keiss
and Dr. Horwitz could add their comments here about their session with the WHO
representatives.
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International Donors Operating in the Philippines
See above comment. Except for a possible interest by WHO in the control of IDA,
no other international donors have an expressed interest in this aspect of
micronutrient deficiency.

USAID Mission Perspective

No specific comments in relation to IDA are required here.

Assessment of Infrastructure Related to Micronutrient Malnutrition

a.

Service Facilities

Because very little attention has been paid to the control of IDA in the past, there
was little evidence of activity relating to the detection or treatment of iron deficiency
at the health clinic level. Iron tablets have been provided to pregnant women for
many years but supplies at the few local health clinics that were visited were low
or nonexistent. Supplies have been curtailed in recent months as a result of the
process of devolution although most health workers indicated that iron tablets were
available in the past in most health clinics. It was difficult to get a clear picture of
the extent of compliance of pregnant women with iron supplementation. Side
effects from iron do seem to be a significant problem and in at least one health
clinic, the comment was made that women prefer not to use the inexpensive tablet
provided by UNICEF but rather to purchase their own iron supplements at local
pharmacies. The possible reasons are discussed in Section V. There does seem
to be a general awareness of what anemia is and what its side effects are but
there was little evidence that this was a priority in any of the clinics that were
visited.

Laboratory Capabilities and Personnel Training

Except for the provision «f iron supplements to pregnant women, supplementation
programs in the Philippines are based on a prior hemoglobin measurement
demonstrating the presence of anemia. There is no systematic hemoglobin
screening procedure, however, and hemoglobins are usually performed only when
the individual presents with illness. There appeared to be a wide range of
approaches to the detection of anemia. In one hospital laboratory, the
microhematocrit was used, whereas in most other settings, some form of
hemoglobin determination is made. The technology ranges from the crude Sahli
hemoglobinometer to more accurate spectrophotometric determinations. It
appears that the facilities far performing a hemoglobin determination are not
present in most health clinics. Individuals suspected of being anemic are sent to
a local laboratory where they are required to pay for a hemoglobin measurement.
They may or may not then return to the health clinic to obtain iron supplements.

"l/
(b
e



Page 8

The laboratory capabilities and personnel training in reference to IDA is therefore
variable and inconsistent.

C. Food Processing and Quality Control Capabilities

There are no foods that are currently produced or distributed which are fortified
with iron. The efforts relating to the fortification of rice, wheat, or weaning foods
are discussed in other sections. We did not have an opponrtunity to interact with
a pharmaceutical manufacturer but, as mentioned in other sections of the repon,
there seems to be little or no regulation of iron medication. Because a significant
proportion of pregnant women apparently obtain their iron supplements at local
pharmacies, some attention to the quality of iron supplements available within the
country would be rewarding.

Past and Present Micronutrient Control Programs

The primary control strategy for IDA during the past two decades has been the provision
of iron supplements to all pregnant women beginning in the second trimestei or 20th
week of pregnancy. Two iron tablets daily, each containing 60 mg of elemental iron, are
recommended. In addition, iron supplements are provided to those infants, lactating
mothers, and preschool children who have been found to be anemic by laboratory
measurement either at routine screening at health clinics (infants are usually screened
at 6 and 12 months of age) or on the basis of suspicious symptoms or signs.

The effectiveness of these strategies is difficult to assess on the basis of available
evidence. Efficacy can only be ascertained from the limited contact with health care
workers during the present JMM field visits. It is likely that the iron supplementation
program for pregnant women has had some impact because the prevalence rate for
anemia has remained stable and is roughly similar to that which has been reported in
other developing countries. Apparently, the lack of supply of tablets has not been a major
problem until recent months when the availability has been sharply curtained in the
process of devolution. None of the clinics that were visited had more than a few days
supply of tablets for one individual. As in most supplementation programs, poor
compliance due to gastrointestinal side effects appears to be a significant problem,
causing refusal of the supplement in one-thirc to one-half of women. Interestingly, many
women prefer “chocolate” coated iron supplements that are available commercially to the
tablets provided by UNICEF. This preference is probably explained by the marked
difference in the availability of the iron in the two preparations. When assessed by the
rise in serum iron levels in fasting subjects given iron, it was shown that the availability
of commercially available supplements in the Philippines was less than 10% of that
absorbed from an iron formulation marketed in the USA; the UNICEF tablet had a relative
availability of over 70%(see CRPCNA monograph). It seems likely that the coated iron
tablet obtained locally is preferred because the iron is relatively unavailable for ahsorption
in the gastrointestinal tract and therefore does not produce the common side effects of
nausea, vomiting and epigastric pain.
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It is even less likely that supplementation of infants or children found to be anemic in local
health clinics is having a significant impact. One problem is the availability of hemoglobin
or hematocrit determinations. While such determinations are immediately available in
some clinics, patients must be referred to a local laboratory in others at a cost that many
patients consider too high to have the measurement performed. The routine screening
of infants less then one year of age is probably more effective but this also depends on
laboratory equipment and the training, skill, and motivation of the workers in the health
clinic. Moreover, the definition of anemia varies from clinic to clinic; some workers believe
that hemoglobin levels above 8-3 gm/100 ml do not constitute a significant anemia
problem. Mothers also complain of the staining of the teeth and mouth from the liquid
iron preparation. It is highly unlikely that screening based interventions in infants and
children are having any significant influence on the prevalence of IDA in the Philippines.

As an outgrowth of the of the National Nutritional Council (NNC) meeting held during the
JMM visit in which an integrated micronutrient program was discussed , a framework
plan for the control of IDA in the Philippines was proposed. A detailed review of strengths
and weaknesses of these strategies might therefore be useful.The proposal will focus on
iron supplementation rather than fortification.lron tablets will be provided to pregnant
women (cost, where M = 1 million pesos, 218M),lactating women (72M) and school
children (5M). lron drops will be given to infants (218M) and low birth weight (LBW)
infants (78M). Iron syrup will be given to preschoolers (356M). The projected total cost
of these components is about 1 billion pesos. There are several additional components
of the IDA plan including the provision of iron to all school children suffering from
moderate or severe protein energy malnutrition (PEM), promotion of gardening, provision
of small livestock, revision of assessments methods and development of iron fortified
foods; most of these are listed under research and development (see appendix).

The major reservations about these expanded supplementation efforts relates to their cost
effectiveness. It is likely that the overall effectiveness of iron supplements in pregnancy
could be increased by reducing the number of tablets from two to one daily, emphasizing
the need to persist with the supplements despite gastrointestinal side effects (because
these often subside after a few days), improving compliance by taking the tablet at one
time of day etc. The latter may be especially beneficial if the tablet is taken at bedtime
rather than with food which impedes absorption.Also, troublesome side effects may not
occur before the woman falls asleep. Given the high cost of the pregnancy program,
some field studies to assess efficacy will indicate ways in which the program can be
altered to improve efficacy. In recent studies, iron determinations on small fecal
specimens have provided an excellent compliance guideline; the strong reaction of fecal
material to a chromogenic reagent for iron that is typically seen with the recent intake of
medicinal iron could probably be detected reliably by performing a spot test on a fecal
sample smeared on toilet tissue.

Whereas there is a rationale for supplying iron to pregnant women, it is unlikely that
widespread supplementation of infants and preschoolers will be effective. This has not
been used in other countries to any extent exceptin LBW infants who require much larger
amounts of iron than can be provided in iron-fortified foods. It will be important to assess
the effectiveness of this approach in pilot studies before extending the program to the

) i



Page 10

national level.The need for additional iron in children with PEM should also be evaluated,;
the anemia in these children is not usually due to iron lack, at least until their weight
begins to increase with supplemental feedings.

In summary, the are a large number of constraints with a screening based intervention
program employing medicinal iron.The indicators for screening are highly unreliable
whether based on symptoms such as weakness, fatigue and shortness of breath or on
signs such as conjunctival or facial pallor. As a result, a large majority of iron deficient
individuals will go undetected. The cost of the laboratory examination will often preclude
measurements in the lower socioeconomic segments. Many of the screening methods
are highly unreliable and even reliable methods will not perform adequately with unskilled
technologists. Medicinal iron has several problems that invite poor compliance such
gastrointestinal side effects, staining of the teeth with liquid preparations to say nothing
of the cost which deter many individuals who cannot afford to purchase the supplement.
Sustaining medicinal iron over any significant period of time is another important
limitation. Few, if any,iron intervention programs that require a laboratory measurement
on a individual basis have been shown to justify the investment.

. Recommended Single Micronutrient Strategies

The limitations of supplementation programs in which medicinal iron is given to individuals
identified as anemic by laboratory testing are outlined in the previous sections. In this
section, the advantages of food-based strategies to reduce IDA will be discussed and
emphasized as the most cost-effective long-term method. The efforts to introduce iron-
fortified food products are now well underway by Dr. Florentino and colleagues at
FNRI.The following is a discussion of this program and the potential for its success in the
micronutrient program for IDA control in the Philippines.

Although several food vehicles were discussed during our evaluation, only a very limited
number warrant detailed consideration foriron fortification. The prime candidates are rice,
wheat flour and cereal-based weaning foods. Other possibilities are fish paste which is
consumed primarily by the lower income groups, and salt which is much discussed as a
possible vehicle for double fortification with iron and iodine. While the latter has appeal
in the context of a coordinated micronutrient program,there is no clear evidence from
investigators in India, who have explored this approach for the past many years, that the
technological problems have been fully solved. The other, more remote, possibility for
double fortification is the combined addition of iron and iodine to the water supply of
elementary school children but there are only preliminary reports of iron-fortified water and
none of double micronutrient addition.

Because rice is consumed extensively throughout the country by virtually ali segments
of the population, this vehicle offers major advantages. The technology of rice fortification
is based on studies conducted almost a decade ago at FNRI in which a surface-coating
method was developed using ferrous sulfate as the iron source and a coating material
prepared from ethyl cellulose-methyl cellulose-chloroform-isopropyl alcohol. A premix of
coated rice is prepared by spraying or roller mixing followed by air-drying. When the
dried grain is diluted 1:200 with uncoated rice, 6 mg elemental iron/100 g would be
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consumed after accounting for losses during washing and cooking. This exceptionally
high level of fortification would provide roughly an additional 18 mg iron/day in adult
consuming 300 g rice daily or as much as two-third of the total dietary iron intake daily.
Because the maximum level of iron fortification in any country at the present time is 40%
of total dietary iron intake (Sweden), it would be prudent to reduce the planned level of
rice fortification to approximately 2 mg iron/100 g rice.Needless to say, the impact of
introducing this fortified food will have to monitored in the iron-replete segments of the
population (serum ferritin) as well as the effect on IDA prevalence.

The are several important technical questions that need to be addressed as this
technology is expanded from a laboratory scale to a production level. One important
question is the bioavailability of the added ferrous sulfate. In prior studies with the
surface-coating method for fortification of rice with iron and other nutrients, the coat has
not fully dissolved in the gastrointestinal tract resulting in markedly reduced absorption
levels. Radioisotopic iron absorption studies in humans were performed several years
ago in the Philippines using the proposed technology but the isotopic tag was added to
the food rather than the ferrous sulfate used as the fortificant. Curiously, iron absorption
increased as the level of fortification iron was increased rather than declined as usually
occurs when the iron content of a meal is increased. These prior studies would not
detect impaired release of the added ferrous sulfate. Additional radioisotopic studies in
humans are highly desirable before embarking on a large scale fortification program with
rice. Another obvious concern is the loss of added iron during washing and cooking of
the rice when the premix is prepared in a large production facility.Acceptance by the
consumer of rice that initially contains a few (fortified) grains that are whiter and later
darker than the uncoated rice grains, is another possible reason for rejection of the
product by consumers.

It is planned to initially fortify rice provided by the National Food Authority (NFA), a low
cost commodity which supplies less than 10% of rice consumed in the country.This is
regarded as an initial step before extending coverage to commercial rice mills.There is
little doubt that the most important issue related to iron fortification is the large number
of milling facilities in the Philippines, currently estimated at more than 3500. Because of
the modest increase in the cost of fortified rice if not subsidized by the government, there
may be no incentive for millers to add the premix or for consu.-ers to buy the fortified
rice. Thus, the degree of expansion of rice fortification beyond NFA rice is unpredictable.
Even the enthusiasm for rice fortification by the NFA is measured, in part because of
concern that they will not be able to sell the fortified product.

The other main potential vehicle for iron fortification of a staple food is wheat flour.
Whereas the consumption of wheat-based foods such a bread products and noodles was
believed in the past to be limited to higher income segments, the intake has increased
in recent years to cover a much broader socioeconomic segment. In urban areas such
as Metro Manila, it is estimated to constitute about 20% of cereal intake, the remaining
80% being rice. In rural areas, however, the intake of wheat-based products is much
lower. The strong appeal of wheat fortification with iron is that the technology is highly
developed from decades of experience in North America and Europe. The cost of
feeders for fortified flour premixes is believed to be relatively low and these can usually
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be installed without any major modification of existing milling equipment. In sharp
contrast to rice milling, there are only 12 flour mills in the entire country and all of these
are in the Manila area. Thus, the regulation of wheat flour fortification is greatly
simplified. Because of the lower per capita consumption of wheat flour than in North
America, it would be necessary to fortify to a higher level with iron but this should not
present a major problem; pilot studies in which the existing level of iron fortification of
flour in the USA is doubled or even tripled has apparently not posed meior technical
problems. Wheat flour is also a very effective vehicle for vitamin A enrichment and
double enrichment with iron and vitamin is well established. Finally, the iodine content
of many types of wheat imported to the Philippines is high and could be further enhanced
by adding iodine although the feasibility of this is not firmly established. Wheat is
therefore a candidate for fortification with all three micronutrients. The major limitation
is that the consumption is limited to large urban areas and it would therefore have little
impact on micronutrient deficiency at a national level.

The fortification a weaning foods is unquestionably the most important consideration
because of the exceptionally high prevalence of IDA in infants between 6 and 18 months
of age. While the widespread provision of liquid iron preparations to infants has appeal
as an interim measure, the compliance with administration of liquid iron over several
months may not be good and supplies of medicinal iron may be limiting as is often the
case in pregnant women. The high cost and other major disadvantages of medicinal iron
could be largely avoided by providing a low cost weaning food fortified with iron, vitamin
A and even iodine. A prototype would be NutriPak in which the iron is added to the
cereal component and vitamin A and iodine to the oil packet. Because this product
contains isolated soy protein which strongly inhibits iron absorption, sodium iron EDTA
which completely by-passes the inhibiting effects of soy would be the preferred form of
added iron. Another possible weaning food is Insomix which is apparently prepared at
the household level in many communities and sold at low cost. This weaning food could
be readily fortified with the same rice premix that is proposed above for fortification of
NFA rice. While much further thought and developmental work is needed to develop a
satisfactory iron-fortified weaning food, investment in this area is strongly encouraged
because of the serious and potentially long-lasting deleterious effects of IDA in this age

group.
Recommended Strategies for Integrated Control of Micronutrient Deficiencies

A good deal of effort was made during this visit to discuss and develop methods for
closer coordination of micronutrient deficiencies in the Philippines. The efforts made by
the Philippines at this point in time are very encouraging and there is no question that at
higher levels of government, a strong effort is being made to package micronutrient
deficiency as a single nutritional entity. At a practical level, however, the extent to which
this coordination can be achieved is less promising. In reference to IDA, there is a
continuing resistance to include blood sampling in the surveillance of micronutrient
deficiency. For this reason, the national nutrition survey would appear to be a suitable
means of monitoring IDA prevalence. There was a good deal of discussion about the
pros and cons of doing a comprehensive micronutrient assessment at the time of entry
to elementary school and there is no question that if blood sampling is included in this



VIl

Page 13

assessment, hemoglobin determinations and serum ferritin measurements should be
included, It is obviously difficult to integrate surveillance programs for micronutrient
deficiency unless blood sampling is included in the assessment.

A number of options for double, or even triple, fortification of food vehicles were
discussed but there is little or no experience with this approach. Double fortification of
salt with iodine and iron has been much discussed by researchers in India but a clear
strategy that is adequately documented in the scientific literature has yet to emerge from
their many years of investigation. It is suspected that the major obstacle to double
fortification is the purity of the salt available within the country. Adverse color reactions
occur commonly when there is a high moisture content or a significant degree of impurity
of the salt. Many studies have shown that iron added to salt with a high moisture tends
to collect at the bottom of the storage container. The addition of iron that does not
produce some degree of off-color is also a major obstacle in using salt as a vehicle for
iron fortification. Despite these technical obstacles, some assessment of salt as a vehicle
for double fortification with iodine and iron should be made because of the emphasis that
is currently being placed on this vehicle for the delivery of iodine.

In other sections, the feasibility of using wheat as a vehicle for more than one
micronutrient has been discussed. It is certainly feasible to use wheat for the delivery of
additional dietary iron and the fortification of wheat with vitamin A is well established. Dr.
Dunn has made the point that imported wheat often contains a relatively high content of
iodine and it may be feasible to add more iodine in the process of wheat milling. The
major limitation of wheat, as discussed elsewhere, is the fact that it does not reach a high
proportion of tr.c Filipino population.

The most obvious vehicle for the delivery of all three micronutrients is weaning foods.
Double, or event triple, fortification will probably present no major obstacles although
there is a good deal of technical work that will be required before a vehicle for infants that
contains adequate amounts of all three micronutrients becomes available. As discussed
elsewhere, the addition of vitamin A and iodine to the oil and iron to the cereal-based
component of a weaning food would appear to be a very practical strategy at this time.

There is little opportunity for combining iron supplementation with either vitamin A or
iodine supplements. The latter two micronutrients can be given at relatively infrequent
intervals whereas iron must be given on a daily basis over an extended period of time.
While there are some plans to focus attention on micronutrient deficiency in the
Philippines by providing iron on "micronutrient day" this is not a very attractive approach
for iron supplementation. Iron supplements should not be totally excluded from this effort
for educational and publicity reasons but should be confined to the provision of iron
tablets to pregnant women rather than attempting to supply iron supplements to a wider
segment of the population. It is absolutely essential to provide iron supplements in child
proof containers to avoid accidental iron poisoning.

Evaluation of Mission Approach

/}\}. "



Page 14

The following is a few general comments relating to the advantages and disadvantages
of joint micronutrient assessment as conducted during this two week period. There is no
question that greater attention to micronutrient deficiency was achieved by organizing a
joint micronutrient team. It was my impression that the total impact was greater than the
sum of separate missions for each micronutrient. At the same time, the advantages of
combining efforts for all three micronutrients has certain definite limitations.

The control of IDA presents a special problem in relation to the joint micronutrient
approach. On the positive side, it will receive greater attention by integrating it with other
micronutrients than it has in the past by considering it as an isolated problem. The
overall effort directed to the control of IDA is likely to be greatly expanded under a joint
micronutrient program. At the same time, prior efforts to develop programs to control IDA
are serously lacking as compared to the efforts invested in vitamin A and iodine
deficiency. This inequity was clearly evident during this visit. There is a very active and
energetic program for the control of vitamin A deficiency under the direction of HKI.
Similarly, UNICEF has been extremely active in efforts to control iodine deficiency. There
are no national or international agencies that have been concerned with the control of
IDA, however. As a result, there were few, if any, contact points for nutntional anemia
during this visit. Overall, | believe the emphasis in future coordinated visits of this type
should be to allow more time for separate and independent assessment of each
micronutrient problem during the main body of the visit. It is helpful to discuss the
commonalities in micronutrient deficiency with government and nutrition officials at the
outset of the visit and to summarize these in a coordinated fashion when the assessment
is complete. Because the details of the assessment and interventions for micronutrients
differ substantially at the practical level, more time should be allotted for independent
evaluation of each micronutrient during the assessment.
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JOINT MICRONUTRIENT MISSION (JMM)
MANILA, PHILIPPINES
JUNE 13-26, 1993

Site Visit Team

Dr. Abraham Horwitz (Team chairman)
Dr. John Dunn (lodine)

Dr. Keith West (Vitamin A)

Dr. James Cook (lron)

Lynda Keiss

June 14, 1993 (Monday)

This first day of the JMM team began with a meeting at the Department of Health (DOH)
with Dr. Juan Flavier, Secretary of Health. Dr. Flavier is a very outgoing, flamboyant man who
generates a remarkable degree of energy and enthusiasm in regard to the evolving micronutrient
program in the Philippines. Much of his motivation comes from a training meeting by PAMM in
Atlanta earlier this year at which time he was briefed about the liabilities of micronutrient
deficiency and apparently decided to place emphasis on this area of nutrition in the months to
come. Some of the innovative strategies which will be detailed further in this report include the
development of FVR which stands for fortified vitamin rice and are also the initials of President
Ramos and, perhaps, because of this, has stimulated the President's interest and commitment
to micronutrient malnutrition. A second innovative strategy fostered by Secretary Flavier is salt
fortified with iodine referred to as Fidel salt, the president’s first name. Much of the excitement
and publicity in regard to micronutrient malnutrition was generated by a PAMM conference in
the Philippines concluded on June 12, 1993 that President Ramos attended. He stated the
objective of eliminating vitamin A and iodine deficiency by the year 1995 and, in fact, issued a
mandate to all health ministries to give him a full update on the progress of the micrenutrient
program by the end of 1993. A video tape was seen later in the day including President Ramos'’
speech in which he mentioned vitamin A and iodine deficiency as being key goals of their
nutrition program in the Philippines in the years to come. Secretary Flavier alse outlined the
plans to fortify rice with iron and a sample of this fortified product was seen later in the day.
This will be discussed in further detail later in this report.

Much work has already been done in planning a micronutrient program. A national
micronutrient action team (NMAT) has been formed that will be headed by Dr. Reodica,
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Assistant Secretary for Special Concerns. From our session with Secretary Flavier, it is clear
that no advocacy is needed for micronutrient interventions in the Philippines and, in fact, this
program has been assigned a high priority by the government. Flavier indicated that he wants
two types of reports. First, the written published report that he suspects will praise the effort in
the Philippines for micronutrient malnutrition. However, he wants a second very frank report give
directly to him, outlining the strengths and weaknesses of their effort. He is a very astute
politician, it would appear, who has many acronyms for his approach to politics and heaith. One
of these is MEDIC that stands for Media-friendly, Exciting, Doable Innovative, and Current. He
also outlined some of the handicaps that the Philippines faces at the present time. In addition
to a severe economic crisis, there is a current power crisis resulting in city-wide brown-outs for
several hours daily. The Philippines had the world record for catastrophes in 1992 (over 700)
including earthquakes, two volcanic eruptions, many floods, 21 typhoons, several rebellions, etc.
Bangladesh was the country with the second highest record for catastrophes, numbering only
300 as compared to the Philippines. Thus, he appeals to international donor agencies for help
in all areas of health but, in particular, the micronutrient initiative. Incidently, immunization has
been very successful in the Philippines and this has also been a focus of the DOH. He made
a commitment tc the JMM to take the recommendations very seriously when we have completed
our meetings.

The next session was held with the NMAT and was chaired by Dr Reodica. She
mentioned that the Office of Special Concerns is concerned with several areas including family
planning, AIDS, women's health, and nutrition, of which the micronutrient program has been
given a high priority. A large number of individuals attended this conference, the purpose of
which was to outline the schedule for the JMM in the days to come and discuss areas that may
be site-visited. Dr. Solon, Director of the Nutrition Center for the Philippines (NCP) spoke at
length and, at several points during this conference, indicated his commitment and involvement
in the micronutrient initiative. This somewhat rambling discussion involved a description of
various government agencies involved in the micronutrient initiative. A number of other agencies
including DOH, Department of Education, Culture, and Sports (DECS), the Department of Trade
and Industry (DTI), and Food and Nutrition Research Institute (FNRI) were mentioned.

Considerable discussion was made of the new commitment of the Philippine government
to decentralization which is the transfer of government services to the provincial, municipal, and
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barangay level. This process, also referred to as devolution, was passed into law approximately
18 months ago. The full impact of this process is still uncertain but it involves the transfer of
money and manpower from the government level to the regional level. Under this new initiative,
the number of workers in the DOH has been reduced from 7600 to 4600, creating a major
transfer of manpower out of the central government offices. The role of DOH and other
govemment agencies, in terms of the micronutrient nutrition, has been made less apparent but
it is clear that the responsibility for this program is going to be transferred to the local level and
become primarily the mayors. They, in turn, are going to request DOH to provide them specific
guidelines on how to reduce the prevalence of micronutrient malnutrition. Dr. Solon is very clear
in the ways that this transfer of power can be implemented with effectiveness, and | am certéin
that we will hear of these approaches later in our visit. Since he was mayor of Cebu at one
time, he is very aware of how nutrition guidelines should be implemented at the lowest level of
govemment. Some discussion was also made of the term “joint" which has been interpreted
variously by the Filipinos as relating to the joint venture between the JMM and the NMAT team,
and a joint venture in combining efforts for iron, vitamin A, and iodine.

Later in the morning, a visit was made to the AID mission to discuss their interest and
perspective in relation to the micronutrient program. We met with Dr. V... who, for several years,
has been Director of Health, Population, and Nutrition programs in the Philippines. He
commented, at length, about the impact of devolution and what this process means in terms of
micronutrient malnutrition. He indicated that the major question is how the program will develop
under the new government organization for health initiatives. He mentioned that micronutrient,
and indeed all, nutrition programs at USAID in the Philippines have been "focussed out", that
is eliminated, about four years ago as the result of an effort to reduce the number of activities
in the mission. He stated that he is a strong supporter of the micronutrient concept but is
unwilling or unable to commit any resources to this effort. They have been aware of the OMNI
program but have been unclear about the role of the Philippines mission in OMNI. Another
interesting problem is that they cannot receive further funds from central AID because a cap has
been put on the total amount of funds for their activities on an annual basis ($42 million).
However, there are some ways to utilize funds that might derive from the OMNI project. Overall,
it would appear that the USAID does not plan to obstruct any efforts in the micronutrient initiative
but are not going to commit funds or manpower at the present time.
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During the afternoon, we met with Rolf Clemm at the Helen Keller Institute (HKI), an
institute that has played a major role in developing interventions for vitamin A deficiency since
1986. A three hour session was held in which the HKI program in the Philippines was
described, emphasizing their efforts durir.g.the past year to broaden their program to include
micronutrient malnutrition. They provided several educational materials that describe their
current efforts for vitamin A as well as iodine and iron. The teaching section on iron deficiency
emphasizes the history and physical examination as a means to detect iron deficiency anemia.
There is a strong opposition to obtaining blood samples to assess anemia prevalence. He would
like to see emphasis placed on large dose intermittent supplementation for vitamin A and
perhaps iodine, but acknowledges that iron does not fit into this intervention strategy very
effectively.

Their intervention approaches for iron consist of the provision of iron tablets to pregnant
women (60 mg iron bid) and iron drops for infants <1 years of age. Apparently, the iron
supplementation by iron drops is just beginning in certain regions and adherence to this program
is not known at this time. The other major intervention is dietary modification and a number of
food charts are being distributed at the local level to emphasize the importance of increasing the
intake of green leafy vegetables and whole grain cereals. These food-based strategies appears
more designed for combatting vitamin A deficiency than they do for IDA and certain of the
recommendations such as whole grain cereals are ill-advised. On the other hand, the emphasis
on eating fish and adding it to rice in infancy as a weaning food has been appropriately
emphasized.

Some discussion was held about breast feeding practices. Although a large percentage
of the women breast feed, they seldom continue breast feeding for more than two or three
months. The major reason is the feeling that the infant is not getting adequate nutrition by
breast feeding alone. As breast feeding is curtailed, either sugar water or rice water is
introduced as an alternative which, obviously will have little impact on iron deficiency. Clemm
emphasized his uncertainty about programs to either assess or combat nutritional anemia.

Some discussion was held about the utility of using children at the entry to school as the
optimal time to assess micronutrient malnutrition (age 7). Physical examination would reveal the
presence of goiter and the ophthalmologic signs of vitamin A deficiency (ccrneal scars,
xerophthalmia, Bitot spots). They are reluctant to consider blood sampling to include anemia
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in this assessment but the blood spot technology for TSH and retinol could conceivably be
considered.

In summary, efforts by HKI have been expanded to include all three micronutrients. Rolf
presented the group with a large list of questions but because of the limitations in time, few of

these could be discussed at this session.

June 15, 1993 (Tuesday)
The morning meeting was held at the DOH and was chaired by Undersecretary Tan. In

his opening remarks to this combined session of the micronutrient consultants and their
counterparts, he emphasized that there was little knowledge about how to proceed with IDA and
emphasized the need for help in this area. He stated that the Kiwanis, through UNICEF, has
provided support for IDD, that HKI support for vitamin A but no donor agency has taken up
support for IDA. He mentioned the need for assistance and consultancy in IDA.

Dr. Florentino then proceeded to describe the results of the National Nutrition Council
(NNC) meeting held on the previous day in which the Philippine Plan of Action for Nutrition
(PPAN) was outlined; a document describing this program was supplied to the conference
participants. The goal of PPAN, which spans the time from 1993 to 1998 is focussed on two
aspects: increasing household food security and eliminating micronutrient malnutrition. The
goals include a plan to reduce the prevalence of PEM by 50%, to virtually eliminate vitamin A
deficiency (VAD) and IDD and to reduce, by a modest 10%, the prevalence of IDA in infants and
women in the childbearing age. The definition of elimination in regard to VAD and IDD is based
on clinical signs, that is the absence of eye signs and goiter. Thus, PPAN, as outlined in an
accompanying diagram, is composed of the following five_programs: 1. Micronutrient

supplementation and fortification; 2. Home and community food production; 3. Nutrition
education; 4. Credit assistance for livelihood; and 5. Food entittement. The enabling
mechanisms likewise consist of the following five elements: 1. Manpower development; 2.
Nutrition advocacy for legislation, sectoral policy formation; 3. Overall planning, management
coordination, and surveillance; 4. Research; and 5. Resource generation.

The proposed iron plan includes the provision of iron supplements to pregnant women
and iron drops and/or syrup to infants. The efforts for VAD and IDD intervention are outlined
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in the strategy. In regard to food fortification, the fortification of salt with iodine, margarine with
vitamin A, and rice with iron (FVR-iron fortified rice) are the targets for the initial strategy.

Dr. Florentino briefly discussed the plan to fortify rice with iron. Rice will be prepared in
a premix by coating with ferrous sulfate and then mixing the coated grain 1:200 with whole rice.
Initially, this rice will be distributed through the National Food Authority (NFA) that represents
approximately 10% of the rice production in the country, targeted primarily to the urban poor.
Although Dr. Florentino is not overly enthusiastic about this, he indicates that it is at least a start.
Because of the lower cost of this subsidized rice, it is believed that it will reach the lower
economic groups. Other components of the program that may impact on IDA include an effort
to increase livestock production at the local level as well as increase fish intake.

The discussion of this program was followed by a detailed review of the monetary aspects
of this ambitious program (PPLAN). The program will be complemented with features such as
nutrition education using the teacher/child/parent approach (TCP) in which the teacher provides
the child with nutrition information which is then transferred to the parent in the home. This will
also be accompanied by a growth monitoring promotion (GMP) which seeks to weigh all
newboms at monthly intervals for the first year followed by every three months until the age of
5. One aspect of this program in regard to iron that is not especially well conceived is the plan
to provide iron supplements to children identified as having PEM. Although many of these
children are anemic, it is unlikely that the cause is iron deficiency. There was some discussion
of the total budget for the five year program. The total projected costs (details in monaographs)
total 14.2 billion pesos or approximately $500 million US. In terms of the breakdown (pesos),
a large portion of this (approximately 8 billion) is for food entitlement, roughly 2 billion will be
used for micronutrient intervention with estimates of 119 million for vitamin A, 947 million for iron,
and 1 billion for iodine. It was emphasized that these figures are very uncertain and there has
been a request by Secretary Flavier for more detailed breakdown of the projected costs together
with identification of potential sources of funding.

This meeting also included considerable discussion about the potential for double
fortification of either rice (vitamin A + iron) or salt (iodine + iron). Although there was limited
enthusiasm by Dr. Solon and Dr. Florentino for double fortification, they were not aware that this
technology was available and felt the need to press on with separate fortification of rice with iron
and salt with iodine. They pointed out that their efforts to doubly fortify rice have been
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unsuccessful because of the rapid deterioration of vitamin A in the presence of iron. Apparently,
the Bon Dente rice fortification project with both iron and vitamin A has also proved unsuccessful
because of the deterioration of vitamin A and darkened color resulting when iron is added.
Although this fortification strategy was initially targeted as a program for FVR, it became
apparent that the royalties requested by Bon Dente were exorbitant. Their estimates were on
the order of 2.50 pesos/kg for the first year, 1.75/kg for the second year, and 0.75/kg for the
third year (licensing fees). In order to retain the concept of FVR, which was torpedoed by these
high prices, it was decided to use the term FVR for rice fortified with any nutrient and to
designate the nature of the nutrient fortified. Thus, the new fortified rice is being called "FVR-
iron fortified". |
The afternoon session was held at the Department of Agriculture (DA) at which time
Undersecretary Dr. Fernandez outlined his perspective of the NNC program (PPAN). This
session was not too helpful but some preliminary discussions were held in regard to the use of
wheat as a vehicle for fortification. Apparently, the amount of wheat imported has increased
sharply in recent years but Dr. Fernandez thinks that a large proportion of this is used for animal
feed. He did not know whether the wheat is imported as flour or milled within the country.
Because of increasing wheat consumption, it is presently estimated that roughly 20% of cereal
intake is derived from wheat. He also believed that there was a roughly even distribution of
intake by all segments of society. Wheat clearly deserves further evaluation as a vehicle.
Our meeting at the NFA, the final meeting of the day, was rather disappointing in regard

to rice fortification with iron. The Director of this agency (Mr. David) believes that the small
increment in price that will result if NFA attempts to fortify their rice with iron will be unacceptable
to the target population. The current price of rice is 9.75 pesos/kg of rice which will go to 10.50
' pesos, retail. The fortification process would add 25 centavos to this, raising the total price to
10.75 pesos/bag and even this small increment would probably not be acceptable to the
consumers. However, none of the arguments against rice fortification by this agency were
especially compelling. Mr. David emphasized the potential advantages of using sugar, salt, or
wheat as a vehicle because of the potential embarrassment to his agency if a large quantity of
rice is fortified and then cannot be sold on the local market. There have been virtually no
studies of stability of the fortified product nor any studies known to him about the bioavailability
of the fortified rice.
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The NFA mills approximately 500,000 metric tons annually which would translate to a
cost, if fortified, of approximately 12.5 million pesos annually. This represents only 10% of the
5 year budget allotted for iron so that it does not seem unreasonable to subsidize the fortification
process. However, consumption of this fortified product by the population would not exceed
10%. An additional 40% could be reached if they could require all commercial rice millers to
fortify their product. However, at least 30% of the population living in rural areas would not be
reached by this strategy because they grow their own rice and mill it in the household rather
than having it centrally milled. Whether or not the NFA could stimulate the use of the fortified
preduct by commercial producers is unclear but regulation of the commercial fortification process
would be very difficult. It is estimated that there are roughly 38,000 rice millers in the country.
There are approximately 100 national millers that account for the bulk of rice fortification.

Therefore the major obstacles to rice fortification with iron as viewed by Mr. David a. 3:
1. A small, but meaningful, increase in cost that will reduce the sales of the fortified product; 2.
Limited distribution to the population at need (10% if all NFA rice is fortified); 3. Uncertainty
about the storage, quality, and acceptability of the fortified rice; 4. Difficulty in extending the
fortification program to cover a larger percentage; and 5. Ceiling coverage of no more than 50-
60% of the population if all commercial millers agreed to the fortification process.

June 16, 1993 (Wednesday)
The moming meeting began at the NFA facility with representatives from the Flour Millers

Association and the major salt producer in the Philippines (Pacific Farms Inc.). The meeting was
also attended by Mr. Vincente Lim, President of the Philippine Chamber of Food Manufacturers
Inc. Mr. Lim was quite knowledgeable about possible food vehicles and had several interesting
suggestions about nutrient delivery.

Much of the initial discussion focussed on salt and its suitability for iodinization. This
section of the discussion will be summarized elsewhere and was only of peripheral interest in
regard to iron fortification. It appears that the purity of the salt is below the level that would be
suitable for double fortification with iron and iodine although, because the technology for double
fortification is not adequately defined, salt cannot be excluded with complete confidence as a
possible vehicle for iron. The discussion was focussed on the mechanics of iodination of salt
which is planned to be undertaken within the next few weeks, at least for the 25% of the salt
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produced by PFl. There are a large number of logistic problems in undertaking the iodinization
of salt but the CEO of PFl seemed confident that these problems could be solved and was
generally enthusiastic about the iodinization of salt.

During the latter part of the morn}ng! discussion turned to the possibility of using wheat
as a vehicle for enrichment of either iron or vitamin A. The representative of the Philippine
Association of Flour Millers (PAFM) was not very knowledgeable about the technical aspects of
fortification and, in fact, was ignofant about what nutrients are currently added to flour at the mill.
A very strong feature in the support of wheat fortification is the fact that there are only 12 flour
mills in the Philippines, all of them concentrated in the Manila area. Eight are under the
jurisdiction of one miller's association and the remaining 4 are separate. All wheat is imported
as such and milled within the country. It is estimated that 1.6 million tons are imported yearly
and, assuming an extraction of approximately 80%, this should generate roughly 1.2 million tons
of flour annually. The director of PAFM did not know what percentage of imported wheat goes
to feed, only that the millers would know that value. Wheat has increased its appeal as a
nutrient vehicle during the past 10 years. In 1980 it was estimated that only approximately 10%
of cereal consumption was in the form of wheat flour. This figure has more than doubled in the
interim and is now believed to represent about 20% of cereal consumption (as compared to 6
million tons of rice consumed in the country annually, 1.2 million tons of flour represents about
20%). Most of this wheat is distributed in Manila, and contrary to a decade ago when most of
this wheat was consumed at the upper level of the economic spectrum, it is currently believed
to be consumed by all socioeconomic segments. |t is, however, consumed largely in urban
areas with very little rural consumption. A large proportion of the wheat flour is sold to fast food
vendors and there is a large and growing consumption as noodles. Packaged noodles are not
directed to the lower socioeconomic segments of the population whereas biscuits and low quality
baking products are consumed by low income families. Unfortunately, there is probably little,
it any, intake of wheat products by preschoolers. Nevertheless, given the limited technical
problems in fortifying wheat and the possibility that more than twice the amount of iron could be
added to offset the lower consumption, this vetiicle remains a real possibility for iron fortification
in the future.
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The afternoon was spent at FNRI reviewing past studies but focussing, primarily, on the
use of FVR fortified with iron. There has been enormous interest in this product. Even this
week, President Ramos ordered 500 small packets to be sent to him for distribution by the end
of the week. The process of fortifying rice is identical to that described by Florentino in the early
1980's, the details of which are outlined in their earlier studies of iron. Rice is coated in a
mixture with e.hyl cellulose and ferrous sulfate. Following coating by tumbler, the preparation
is air dried. It imparts a slightly yellow color to the coat but when mixed with regular rice,
actually has whiter and more opaque appearance than the normal rice grain. It is planned to
add sufficient iron to this product to bring the iron concentration to 6 mg iron/100 g of rice when
mixed 1:200 with unfortified rice. This surprisingly high concentration of iron is based on a
consumption of approximately 100 g rice/day for a school aged child giving about 6 mg of iron.
However, this would provide an average of 18 mg/day to adults using an average per capita
figure of 300 g of rice/person/day. This would give a figure of roughly 70% of dietary iron
derived from fortification, a value that is inappropriately high.

Very little consideration has been given to the manner in which this imminent fortification
process will be expanded. In fact, there has been only a few small batches of the pre-mixed,
coated rice prepared to date. If 6 million tons of rice are consumed in the country, this would
require 30,000 tons of pre-mix assuming that all the rice was fortified with iron. In fact, the real
question is what proportion of commercially sold rice could be fortified. The initial objective
would be to fortify the rice provided by NFA which represents 8-10% all the rice consumption
in the country. Florentino did not agree that there was a significant cost problem in fortifying the
ﬁce. He believed that because the NFA rice is much cheaper than commercial rice the cost of
fortification could be absorbed. Surprisingly, there are virtually no facilities to prepare the pre-
mix. It is hoped, by Florentino, to attract an entrepreneur who may be given space in the new
FNRI building and equipment until he or she can expand the process to commercial level.

Apart from the major focus of our afternoon visit, namely FDR, some discussion was also
held about other strategies that are being proposed for iron. An extended discussion was held
about iron supplementation for pregnancy. It is currently estimated that no more than 40% of
pregnant women can attend maternal health clinics and therefore can be reached for iron
supplementation. Of this 40%, it is uncertain what percent actually is supplied iron in maternal
health clinics but is probably less than half. If compliance is 50% of this figure, then only 10%
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of pregnant women in the Philippines are taking iron supplements. There is a general
agresment that this is not satisfactory coverage but there are few other options for providing iron
in pregnancy.

A discussion was also held about supplying medicinal iron to infants. This is presently
not a practice in the country although liquid preparations of iron are available commercially. It
would seem that the cost will limit the extension of the program to the entire country. Moreover,
it is likely that major compliance problems will be encountered when attempting to supply liquid
iron to all infants under the age of 12 months. A more attractive possibility would be to provide
a heavily iron-fortified rice mixture that would provide 6 g or more/100 g of rice. This could be
labelled as "For Infants Only" and, if the mother is willing to prepare it separately frorn the rice
being prepared for the remainder of the family, it would provide a more effective and less
expensive coverage of iron for infant children. There seemed to be some enthusiasm for this
suggestion by Dr. Florentino.

In summary, there are many uncertainties related to FVR and my personal feeling is that
it will encounter many problems in the early stages of implementation. It is not known whether
problems will arise when mixed with other foods. Off-color changes may occur during storage,
even if preliminary organoleptic studies conducted in the early 1980's did not identify this as a
problem at room temperature. There is a surprising loss of iran in fortified rice with storage,
presumably because the iron coat is dissolved in the increased humidity. The rice is traditionally
washed at least twice before boiling but iron loss from the coated grains is said to be minimal.
Theiron in the pre-mix is completely dissolved when the rice is boiled and another potential loss
can occur from the water used to prepare the rice, although it is believed that almost all of the
water is reabsorbed into the rice grain. There are no reliable, nor recent, figures on the
percentage recovery of added iron in the food served at the table.

June 17, 1993 (Thursday)
This day was devoted to a visit of an urban area in metro-Manila referred to as the

Malabon region. After a briefing at the NCR, we traveled to this region in northern Manila where
we spent considerable time with the Director of Health Services, Dr. Soriano. Much discussion
was held about the major health problems in the Malabon area and the effect of devolution
which has transferred increasing funds and responsibility to the local mayor. After a brief
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meeting with Mayor Oreta, and a luncheon, we visited several areas in the Malabon region
including a public market where food items relevant to fortification were examined such as the
availability of iodized salt, food items rich in vitamin A content, iron fortified foods (none were
seen!), etc. We then visited a regional health center (Panghulo Health Center), a small hospital
built approximately 3 years ago that is staffed by one physician (a radiologist). We visited the
laboratory where hematocrit determinations were being performed and visited a ward where a
patient was receiving a blood transfusion for a "blood disorder’. There was virtually no
laboratory information or knowledge about the nature of his anemia problem. We then visited
a large public school where many families were camping because of a fire that destroyed several
homes in the region. Temporary housing was provided in the school and the Red Cross was
distributing food supplies to this indigent population. Overall, the amount of information gained
in our visit to Malabon was rather limited in relationship to the JMM.

June 18, 1993 (Friday)
On this morning we travelled north to the Cordillera Administrative Region (CAR). In the

latter part of this five hour drive north of Manila, we climbed to an elevation of 6000 feet. We
were lodged in the John Hay Camp, a military R&R facility that was transferred to the Filipinos
when the military bases were closed about two years ago.

Shortly after arriving in Baguio City where the major hospital and health facilities were
located, we travelled to Tuba, a municipality of Baguio City, that was selected for more detailed
information dealing primarily with salt fortification. We visited with the town council in this region
who made a strong pitch for acquiring one of the salt iodinization facilitates that will be placed
in the region in an attempt to iodinize all salt transported into the CAR.

Some discussion was held during this meeting about iron problems. Anemia is not
considered a major problem in this region, presumably because the higher elevation increases
the level of hemoglobin above the usual cut-off level for anemia. Apparently, no revision of
anemia criteria have been made on the basis of higher altitude. In discussing the potential of
food vehicles for iron, it was learned that about 20-30% of rice used locally is red rice and is
home milled. The remaining two-thirds of the rice entering the area comes from the lowlands.
It was felt that FNA rice is not used extensively in the region despite lower cost because the
quality is considered low. [t is conceivable that some FNA rice is used by the very low income
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groups in the region. Overall, the municipal leaders believe that FVR would be accepted, even
with the 25 centavo price difference, ii advertised as being nutritionally beneficial. Some
discussion of Insomix was held which is comprised of rice, mung beans, and oil, that are cooked
separately in a few kitchens, repackaged, and soid as weaning foods. The cost of these food
packages is very low (5 pesos). Insomix is widely used within the region but not in other areas
of the country. Wheat and flour consumption in the region is minimal.

Following the meeting of the leaders in the Tuba region, we travelled to a health clinic in
Camp 6, a small barangay a few miles outside of Baguio City. Several women had been
brought to the health clinic; all had goiters ranging in size from very large to barely detectable.
| discussed the anemia problem with the lady in charge of the health clinic who had been
previously trained in laboratory measurements. She stated that she did hemoglobin
measurements regularly in pregnant women although the hemoglobinometer was currently in her
home where she had been checking the hemoglobin levels of her children. When asked to see
the available iron preparations, a small bottle with a few tablets was offered for inspection but
she stated that the availability of iron tablets had been sharply curtailed in recent months as part
of the devolution process. She mentioned that there was a strong preference for "chocolate"
coated tablets that are purchased locally rather than provided by the health service. It was said
that these coated tablets had less side effects and | suspect that the reason is the low
availability of the iron they contain. Much of the discussion dunng this visit related to the
acceptance of iodinized salt and the willingness of these women to pay a slightly higher cost
(actually 50% increase) for this product. The following day involved another visit to a health
clinic with focus on goiter, a major problem in this mountainous region. Dr. Dunn also visited
with a Dr. Chang, Director of the Baguio Filipino/Chinese Hospital, who has been very committed
to addressing nutntional problems in the region. In the evening, the group had dinner with the
govemnor, Jaime Panganiban, who seemed to have a rather peripheral interest in the salt
iodinization problem. He is governor over a large region in the CAR and was a generally
pleasant man who was quite open about the problems in the region. Early on the morning of

June 20, 1993, the group returned to Manila for an evening meeting with the JMM patrticipants.
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June 21, 1993 (Monday)
This day began with a visit to the PAMM alumni at the BRL facility (Bureau of Research

Laboratories) which, | believe, is under the DOH. This large regional laboratory performs many
of the more detailed laboratory studies for metro Manila. After meeting with the PAMM alumni,
the laboratory facility devoted to studies of iodine deficiency was visited. Most of these
individuals are graduates of the Atlanta program and, accordingly, their emphasis was on iodine
measurements. They had established a laboratory for the measurement of urinary iodine but
the number of measurements seemed rather limited. A relatively new plate reader had been
installed for TSH measurements but, once again, the number of determinations of TSH appeared
to be limited. These workers purchase their TSH kits commercially and, as | remember it, the
cost per individual TSH measurement was relatively low, about $0.50/assay.

The afterncon began with a meeting with a health economist, a Mr. Gamboa, who was
previously the Undersecretary for Finance in the country. He is now employed by a company
devoted to concerns about health economics and | found this meeting uninformative.

We then traveled to the HKI fazility where a group meeting was held with a large number
of NGO (non-government organizations) representatives. This meeting was organized and
orchestrated by Rolf Clemm, the country director for HKI in the Philippines. It was pointed out
that more than 60,000 NGQO's operate within the Philippines but many of these arganizations are
transient and operate only at the barangay level. A number of organizations were represented
at this meeting such as Catholic Relief Fund, Save the Children, etc. In general, there seemed
to be a great deal of enthusiasm, but a lack of knowledge, about the micronutrient initiative
among the NGO's with the exception of HKI under Rolf Clemm. Some discussion was held
about the benefit of organizing NGO's more closely to address the micronutrient problem and
whereas the members attending this conference were generally enthusiastic, specific details of
how this organization might occur were lacking. There is, nevertheless, a strong capability in
the Philippines of implementing programs with the assistance of the NGO's. The NGO
representatives are strongly supported by the government in contrast to the situation in many
developing countries.
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June 22, 1993 (Tuesday)
We traveled to the Nutrition Center of the Philippines (NCP) where our meetings were

orchestrated by Dr. Florentino Solon. The NCP has survived the revolution and is again on the
upswing despite near collapse of the institution, after fall of the Marcos regime. For exaniple,
a large number of food processing plants that were placed in the country to produce NutriPak
and various other packaged foods had been closed because of lack of governmental support.
Dr. Solon presented his typically strong media-oriented approach to nutrition involving video,
publications, etc. The NCP is considered a private sectar institution and appears to be well
funded from commercial firms that are interested in specific nutrition problems. The NCP was
involved in the failed trial of MSG fortification with vitamin A. They are currently interested in
looking at the potential beneficial effect of fortifying a chocolate beverage with iron that will be
directed to school-aged children. Dr. Solon was very interested in the use of erythrocyte
protoporphyrin measurements and has received advice from Tomas Waliter in Chile.

A variety of agencies displayed their wares during this session at the NCP. The meeting
began with representatives from the DECS 'vith their emphasis on nutrition education. Dr. Solon
described his success in implementing a strong nutrition curriculum in the elementary school and
a variety of the manuals and information developed ini connection with this program were
presented. Dr. Solon is a strong advocate of the so-call TCP approach to nutrition eduction in
which the Teacher transfers information to the Child who, in turn, takes the information home
and presents it to the Parent. Most of the early afterrioon session was devoted to a review of
the activities of the NCP under Dr. Solon but much of this presentation was historical in nature
with regrets about the decline in the NCP in the early 1980's.

During our discussion with Dr. Solon, | raised the question of the rather limited objective
in relation to the IDA control program. Their framework monograph describes a target reduction
of 5 percentage points in the prevalence of anemia in the entire population and a somewhat
more optimistic reduction of 10% in the prevalence of IDA among infants, pregnant and lactating
women, preschoolers, and school children. Dr. Sclen said that these limited objectives were
based, primarily, on their rather disappointing experience in reducing the prevalénce of anemia
in pregnant women using combined iron and food supplementation programs. He agreed that
these limited objectives should, perhaps, be revised upwards with a plan to control a larger
proportion of IDA in the country. No specifics were given.
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The group then travelled to the Food Development Center (FDC) housed in a beautiful
facility constructed by the Japanese and opened in the 1989. The FDC is now part of the NFA
but has not been involved with rice or corn. They apparently are funded by ir.dustries that wish
to facilitate the marketing of various food products. This is an extremely well-equipped facility
with every conceivable instrument for the development of products in the food industry. They
plan to become involved in upscaling FVR but have no specific plans, as yet, and it is not clear
that Dr. Florentino will transfer the responsibility for expanding the preparation of the rice premix
to the FDC. However, the facilities and capability of this institute far exceed those of FNRI and
it would be unfortunate not to have this institute become involved with rice fortification. The FDC
can accommodate 140 technical personnel but have an existing staff of only 77 because of the
difficulty in locating qualified food technology personnel. With the construction of the FDC in
1989, their space has, nevaitheless, grown from 2000 to 8000 feet® and it is clear that this
institute can play a major role in the development of fortified products for fortification with iodine,
iron, and vitamin A.

The group then travelled to the Bureau of Food and Drug (BFAD) equivalent to the
USFDA. This facility was also built by the Japanese in 1987 and is devoted to analysis of food
and drugs, drugs comprising about two-thirds of their activities. The tasks to which this facility
is assigned far outweighs their capability, although their laboratory facilitates appear to be
relatively up-to-date. They apparently will assume responsibility for certifying the content of
nutrients as the micronutrient initiative expands to involve fortified foods. | raised the question
of analysis of pharmaceutical preparations of iron available commercially. They said that they
monitor the bioavailability by solubility studies but are not in a position to conduct any in vitro
measurements.

June 23, 1993 (Wednesday)

This meeting was held at the HKI facility; the purpose was to meet with clinical
counterparts (hematologists, ophthalmologists, and thyroid specialists). However, it was a group
meeting that was focussed on the organization of governmental efforts for micronutrient
intervention with relatively little opportunity to discuss the clinical perspective of micronutrient
deficiency. The hematologist representative was Dr. Cavilles, a pediatric hematologist who has
recently retired from the University of the Philippines and is employed at a large children's

/pﬁt"



Page 17

hospital in Manila. Only a few brief questions were posed in relation to the anemia problem.
One interesting facet is that thalassemia is present in a significant proportion of the Philippine
population although the exact percentage is unknown. He stated that he looks after 50 families
of children with thalassemia which represents about 1% of the population of the population from
which his hematological practice is derived. He could not describe the forms of thalassemia
other than to say it was a mixture of "B and «". Others believed that thalassemia was not a
significant problem within the country but there was no precise information about the true
frequency. |

Another important comment that emerged was the problem of malaria within the
Philippines that is believed to involve a large geographic proportion of the country. The problem
of malaria infection is expanding in the Philippines, as it is in other countries in Southeast Asia.
No one knew what agency is involved with malarial control programs, but almost certainly, there
is another agency in DOH that is concerned with this problem: The extent to which malarial
infection is being confused with IDA is unclear and it will be important to get more
comprehensive data about malaria prevalence and efforts at its control in the Philippines. Dr.
Cavilles presented a clinical perspective about iron deficiency in the country. He believes that
parasites are relatively uncommon at the present time and commented on the sharp decline in
hookworm infection in recent years. He does, however, routinely practice de-worming
procedures in his pediatric population. Someone commented that trichuris infection is an
increasing cause of blood loss (rectal infection) because apparently the anti-helminthic
preparations are reasonably effective controlling ascaris but do not eradicate trichuris. QOverall,
however, parasitic infection is not believed to be a major cause of IDA. Dr. Cavilles felt that iron
solutions would be given by mothers if an ample supply is provided by the health service.
However, he said that it is unusual for mothers to return to get another bottle of liquid iron
preparation and, if routine supplementation with medicinal iron is implemented in pre-school
children, it would have to be coupled with an energetic educational program to promote its use. |
This meeting closed with the sense that much more information needs to be obtained about the
cause and prevalence cf non-iron deficiency anemia in the Philippines.

As an addendum to these various meetings, we were given a correspondence by Romeo
David, Administrator of the NFA. A letter was addressed to Secretary Flavier in relation to the
rice fortification project. This letter communicated his overall support of the rice fortification
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initiative and his commitment to working with any government agency that will promote this
mandate. He outlined the issues related to rice fortification and acknowledged that the NFA can
play a critical role in creating mass awareness of the FVR iron-fortified rice. He also felt that the
NFA could promote the expansion to the private sector by demonstrating feasibility of the project
and encouraging the fortification of all commercial rice. He pointed out the importance of a
simultaneous program to direct the fortified rice to the target population and indicated that NFA
rice is currently distributed on the basis of supply need. Thus, fortification of NFA rice will not
necessarily mean consumption by the women and children who require it but every women and
child in any area where, for any reason, rice is not available. He also pointed out that the
fortification of NFA rice will require a mandate from the DA and/or President Ramos. He pointed
out that the technology for rice premix preparation has not been commercialized. He did
mention the potential involvement of the Bon Dente Company, a small R&D firm in the Seattle
area that is promoting the use of vitamin A fortified rice. '

Mr. David emphasized the importance of initially carrying out rice fortification on a pilot
scale so that the potential variables can be better controlled. He recommended the formation
of a rice fortification task force to establish a program and implement the activities required to
introduce rice to the private sector. He indicated that NFA, if mandated by the DA, can organize
and lead the task force. He emphasized the need to acquire adequate funds and manpower
resources to enable the task force to achieve its objectives by the target date of 1995. He
mentioned the critical need for international funding and information about the most appropriate
technologies for rice fortification. Finally, he recommended the development of a nutrition
education campaign, especially among school children, to promote the use of nutrient-rich fruits
and vegetables.



