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NUTRITIONAL ANAEMIAS

Report of a WHO Group of Experts

A WHO Group of Experts on Nutritional Anaemias met in Geneva
from 11 to 15 October 1971.

The meeting was opened by Dr H. Mahler, Assistant Director-General,
on behalf of the Director-General.

1. INTRODUCTION

The Group examined the validity of parameters and concepts in the
field of nutritional anaemia and reviewed the information that had become
available since the meeting of the Scientific Group on Nutritional Anaemias
in 1967. The subjects covered by this review included the standardization
of techniques ; studies on the availability and absorption of iron, folate,
and vitamin By, ; and prevalence studies and trials of preventive measures
in population groups.

For the purposes of the meeting and of the present report, the terminol-
ogy given in Annex 1 was adopted.

2. GENERAL CONSIDERATIONS

Normal human beings have stores of iron, folate, and vitamin B,,.
If these are slightly reduced, no clinical or biochemical abnormality may
result, but the ability to meet increased demands for nutrients (e.g., during
pregnancy) is decreased. A further depletion of these stores may produce
biochemical and/or clinical effects, but not necessarily anaemia, whereas
yet a further reduction results in anaemia.

It is very difficult to quantify “ normal * stores and to define deficiency.
At present, the plasma iron, iron-binding capacity, and mean corpuscular
haemoglobin concentration provide the most practical means of recognizing
iron deficiency. With further developments in methodology it is possible
that estimations of red cell protoporphyrin levels may also be helpful.
Estimations of serum vitamin B;, and of folate in serum red cells and tissues
enable subjects likely to be deficient in these nutrients to be identified.
Values below which deficiency is probably present are shown in Annex 2.
The effects of these deficiencies — apart from that of making the affected
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6 NUTRITIONAL ANAEMIAS

individual more liable to develop anaemia — are difficult to evaluate. Clearly
anaemia is only a late manifestation of such deficiencies, but since it is easily
detected and quantified it has received the most attention so far.

The definition of “ normal haemoglobin concentration ” is difficult.
It is recognized that there is a homoeostatic mechanism that sets the haemo-
globin level in each individual. Whereas it is not known whether this is the
optimum level for health, it is accepted as “normal > for the individual.
The distribution of such normal values in the population should be derived
from a representative sample of healthy persons in whom the presence of
nutritional deficiencies has been excluded by specific laboratory determina-
tions * or by the prior administration of haematinics.? This distribution of
normal values is likely to be the same throughout the world when allowance
is made for such factors as age, sex, pregnancy, and altitude.

Anaemia is defined as a condition in which the concentration of haemo-
globin is below the level that is normal for a given individual. Nutritional
anaemia results from a deficiency in one or more essential nutrients, regard-
less of the cause of the deficiency.? In any community in which anaemia is
prevalent, the distribution of haemoglobin concentrations in anaemic
persons overlaps that for persons with normal haemoglobin concentrations 4
(Fig. 1). Tt is clear, therefore, that there is no value for haemoglobin

FIG. 1. THEORETICAL FREQUENCY DISTRIBUTION CURVES
FOR HAEMOGLOBIN CONCENTRATIONS IN (A) SUBJECTS WITH NORMAL
HAEMOGLOBIN LEVELS AND (B) SUBJECTS WITH ANAEMIA
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concentration that will separate anaemic from normal subjects with cer-
tainty. In the past, as a practical approach to the characterization of
anaemia, it was customary to define the concentration of haemoglobin
below which anaemia may be said to exist (Annex 2), but this is obviously
an over-simplification. In studies of nutritional anaemias, it is considered
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preferable to characterize the status of populations by providing frequency
distributions rather than by relating it to a single arbitrary value. From
such information, the probability that anaemia is present at a given haemo-
globin concentration may be assessed.

The presence of mild anaemia resulting from a nutritional deficiency in a
population can frequently be disclosed only by demonstrating increases in
the haemoglobin concentrations following therapy.? Whether mild or
moderate, anaemia per se is not associated with a detectable increase
in morbidity or with easily measurable impairment of body function.? In
view of the reserve in the oxygen transport system and the capacity of the
body to compensate for any impairment of one of its transport components,
this is not surprising. Clearly anaemia cannot be equated with hypoxia at
ordinary levels of activity, but it does reduce maximum oxygen transport.®
The relationship between health and nutritional deficiencies — with or
without anaemia — deserves further study.

The theoretical objective of public health programmes in relation to
nutritional anaemia is to eliminate the condition and ensure that all indi-
viduals have normal stores of haemopoietic nutrients. However, recommen-
dations for achieving this should be based on adequate scientific information ;
the measures proposed should be technically and economically feasible ;
and there should be no doubt that their implementation will lead to a
significant improvement in health and satisfy an actual need, so that scarce
resources will not be wasted.

3. METHODOLOGY

Standardization of laboratory procedures

The Group considered problems involved in standardizing laboratory
procedures for collaboratives studies and for individual clinical laboratories.
The objectives of WHO as regards standardization include (1) the develop-
ment of satisfactoy methods by the participating laboratories ; (2) the
provision of reference standards ; (3) quality control of laboratory methods
in WHO-sponsored collaborative studies ; (4) the training of technicians ;
and (5) the dissemination of information. In view of continuing problems
and requirements, it is hoped that WHO will continue its activities in this
field and collaborate with other bodies, such as the International Committee
of Standardization in Haematology (ICSH).

Haemoglobin and packed cell volume

Methods for these determinations are now well standardized.?
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Serum iron

The WHO International Reference Centre for Anaemias, School of
Medicine, University of Washington, Seattle, USA, has co-ordinated the
work of collaborating laboratories and has recommeded assay methods.
At approximately 3-monthly intervals during the past 4 years, lyophilized
sera and iron solutions have been distributed. Although this has led to
some improvement in the consistency of results, divergencies between
laboratories are still wider than is considered acceptable for collaborative
studies. Data studied by the Group indicate that, if all laboratories used
chemical reagents from a single source, interlaboratory reproducibility
might be improved.®

In 19673 it was recommended that the WHO reference centre should
maintain contact with the ICSH Expert Panel on Iron. This panel has
investigated techniques of serum iron assay and has recommended a method
and a reference preparation.® An experimental batch of standard reference
material, based on these recommendations, has been prepared at the
International Laboratory for Biological Standards, Mill Hill, London.

The ICSH Expert Panel demonstrated a high degree of reproducibility
within and between laboratories and both the method and reference prepa-
ration are currently being used in WHO laboratories and in field trials.1

Transferrin

Although satisfactory reproducibility has been achieved in individual
laboratories, using frozen specimens, interlaboratory variation in estimates
of iron-binding capacity, measured in lyophilized specimens, is still a pro-
blem. The ICSH Expert Panel is studying this problem with particular
attention to certain details of the method in use and to the changes that
occur in serum during lyophilization and storage.

The MgCO,; method ** may be recommended, but it is not applicable
in its present form to lyophilized material.

Erythrocyte protoporphyrin

It has been known for some time that the concentration of red cell
protoporphyrin provides a measure of the adequacy of iron supply to
erythrocyte precursors. This assay may have advantages over other para-
meters in current use, such as the percentage saturation of transferrin. A
simplified method of assay has recently become available 2 and its applica-
bility to the study of nutritional anaemias should be investigated further.

Folate and vitamin By,

The WHO Regional Reference Centre for Anaemias, Department of
Pathology, St Bartholomew’s Hospital Medical College, London, England,
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has sent samples of lyophilized human serum at regular intervals to the
collaborating laboratories and to a number of workers, many of whom have
originated assay methods. The vitamin By, and folate in lyophilized fresh
serum was found to be stable for more than 2 years at 4 °C and for at least
2 months in the dark at room temperature.

There was good agreement within and between laboratories in the
results of the Lactobacillus casei folate assay. However, in view of the
complexity of the assay, constant monitoring and the regular use of refe-
rence preparations are necessary.

As for the results of serum vitamin B,, assays, there was agreement
between the results from the laboratories using Euglena gracilis, 114 as
well as between those obtained by laboratories in which small amounts
(0.1 ml) of vitamin B,, free serum were added to the aqueous standards of
the assay. When this was not done, the serum levels were lower and more
variable, but were not so affected as to invalidate the diagnostic use of the
assay. It was concluded that this assay can be accepted for standard use.

The results of the Lactobacillus leishmannii assay, although perhaps
more variable, were similar to those for E. gracilis when sera with nor-
mal or very low vitamin B,, levels were assayed. They were much more
variable when the vitamin By, levels were in the range 60-200 pg per ml.
This assay is adequate for diagnostic purposes but is not recommended for
research purposes.

Not enough results are yet available to justify comment on the Escher-
ichia coli assay.

Vitamin By, assays employing radioactive isotope techniques gave results
that were much more variable and tended to show higher levels than the
corresponding microbiological assays. Of the existing methods, the one
introduced by Tibbling 1> gave the results closest to those obtained with
E. gracilis. 1t is doubtful if a radioactive isotope assay is satisfactory for
general use at this stage.

Standardization of survey methods

Studies of populations must be based on satisfactory epidemiological
techniques. Such techniques have been described in the report of a WHO
Expert Committee.”™ It may not always be possible to apply ideal methods,
and any procedure that departs from the ideal should be clearly stated as
such in published reports.

In nutritional studies the procedure for selecting the population sample
to be studied is of fundamental importance and has often received inade-
quate attention. Only a sample drawn at random from a well defined
total population can be assumed to be representative. Thus samples of
subjects selected, for example, by area of residence, place of contact, or
convenience to the investigator are not representative. In order to ensure



10 NUTRITIONAL ANAEMIAS

that a sample remains representative after selection, omissions for technical
reasons, refusal to co-operate, etc., must be kept to 2 minimum and reported.
Hospital patients are among the least satisfactory groups for the estimation
of any population parameter.

Careful attention must always be paid to the conditions under Wthh
subjects are examined and samples for analysis are obtained. As standard-
ization of field studies may be difficult, it is important that, when examina-
tions are made and specimens obtained, all relevant circumstances —
e.g., the hour, the time that has elapsed since food and exercise were last
taken — should be accurately noted.

4. PREVALENCE STUDIES

There have probably been adequate studies of the prevalence of anaemia
in Great Britain,6-17 Sweden,? 18 and a few other countries.® On the
other hand, in many areas, including developing countries, there are very
few epidemiological data on any aspect of nutritional anaemias. Further
prevalence studies are needed, but careful attention must be paid to methods
of population sampling.

Iron deficiency

Studies presented to the WHO Scientific Group on Nutritional Anaemias
in 19673 indicated that, in several countries, anaemia and iron deficiency
were highly prevalent, particularly in pregnant women. This has been
confirmed by more recent reports 2 and by collaborative investigation in
7 Latin American countries, sponsored by WHO and PAHO.2

Previous reports that in some countries there is a high prevalence of
iron deficiency among infants and young children of low social and economic
status were also confirmed.?- .22 One study, conducted in Mexico,®
showed this to be true even in infants who had no evidence of illness and
had been having a balanced diet containing fortified cereals that gave them
1.5-2.0 mg of iron per kg of body weight per day during the first year of
life. However, the deficiency is a temporary one, disappearing after the
age of 2 or 3 years without iron supplementation. This is confirmed by a
report from Israel,® where anaemia was found in 52% of 247 healthy
children, aged 1 day to 6 years, who were examined in Kiryat Shmoneh.
Subnormal serum iron concentrations and whole-blood folate activity were
found in 41% and 53% of these children, respectively. The prevalence of
the anaemia and of the iron and folate deficiencies rose from birth to the
age of 2-3 years, after which it declined gradually. The clinical significance
of these temporary deficiencies is not known.
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Folate and vitamin B,, deficiency

Laboratory methods for folate and vitamin B, estimation that are
suitable for use on a large scale in community surveys have become available
only relatively recently., As a result, few prevalence surveys of folate and
vitamin By, deficiency have been undertaken, although there have been
several reports on this condition in hospital patients, selected samples of
pregnant women, and inmates of institutions such as old people’s homes.

Recent surveys in representative samples of apparently healthy elderly
persons in Great Britain 27- 2 have detected about 10-15% with folate or
vitamin By, levels suggestive of deficiency. However, these findings 2 are
difficult to interpret, since clear evidence of megaloblastic anaemia was
found in well under 1% of the study population. More data are urgently
needed on the clinical significance of low levels of folate and vitamin By,
in non-pregnant subjects without evidence of other haematological changes.
The few published studies of such persons have failed to detect any im-
pairment of health,?® and it appears that low levels of vitamin B, may
persist for years without producing illness.?

Studies on the prevalence of folate and vitamin B;, deficiencies and of
megaloblastic changes, in selected groups of pregnant women in certain
countries, were reviewed in 1967.3 More recent reports have confirmed the
observation that low serum folate concentrations are very common in late
pregnancy, and in a number of studies these have been shown to be accompa-
nied by a fall in red cell folate concentrations. It has been asserted that
folate deficiency in pregnancy may be associated with an increased prevalence
of a variety of obstetric conditions such as abruptio placentae, abortion,
fetal malformation, stillbirth, neonatal death, low birth weight, prematurity,
toxaemia, and postpartum haemorrhage. However, most of these relation-
ships have not been adequately established.32

5. THE OCCURRENCE AND ABSORPTION
OF HAEMOPOIETIC NUTRIENTS

Iron

Problems connected with the absorption of food iron have been consid-
ered in previous reports.®: 3% It was then apparent that the amount of
iron absorbed by the body depended on several factors, including the total
amount in the diet, its absorbability, and the regulation of its absorption
by the body. However, more precise information was needed about the
effects on iron absorption of interactions between various dietary constit-
uents. To this end, joint meetings were arranged by IAEA and WHO so
that research could be co-ordinated.
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Absorption from single foods

Studies 3 of the absorption of biosynthetically labelled foodstuffs in
524 persons, half of whom were deficient in iron, indicated that the mean
absorption of iron from vegetable foods ranges from 1% for rice and
spinach to 6% for soya beans, with intermediate values of 3% for maize
and black beans, 4% for lettuce, and 5% for wheat. Mean iron absorption
from animal foods ranges from 7% for ferritin to 22% for veal muscle,
with intermediate values of 11% for fish, 12% for haemoglobin, and 13%
for liver (Fig. 2). These results agree with those reported previously % for

FIG. 2. IRON ABSORPTION FROM FOOD *

Food of vegetable origin Food of animal origin
: Soya Veal Fish [Haemo-] Veal
Rice [Spinach E\e%%’; Corn |Lettuce| Wheat beayns Ferntn | S0 | musele | globin | muscle Total

[f)gggég 2 mg 2mg |3-4mg|2-4mg|l-17mg}2-4mg|3-4mg| 3 mg 3mg |I-2mg|3-4mg| 3-4mg
N° cases i 9 137 73 13 42 38 17 Il 34 39 96 520

204
159

Iron absorption (% of dose)
o

24

WHO 20278

* Collaborative study of the Departments of Botany and Medicine, University of Washington
at Seattle, USA, and the Department of Pathophysiology, Instituto Venezolano de Investigaciones
Cientificas, Caracas, Venezuela. The horizontal thick line represents the geometrical mean and
the cross-hatched area shows the limits of one standard error.

soya beans, which gave lower figures than were initially reported. The
difference may be due to changes in the preparation of the soya beans
(temperature and duration of cooking), and this is being investigated.
Limited studies in infants indicate that their absorption of iron from vege-
table foodstuffs is of the same order as in adults.

Effects of interaction between foods

There is evidence that the absorption of iron from one foodstuff may
be influenced by the simultaneous administration of other foods.3¢: 37. 38
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Meat increased the absorption of iron from a number of sources, including
maize, black beans, haemoglobin, and inorganic iron salts. Cysteine has
been shown to be one of the substances responsible for this enhancing
effect. Administration of ascorbic acid increases absorption from non-haem
food iron, whereas phytates and eggs cause a marked reduction. Geophagia
depresses iron absorption and may be a more common cause of iron defi-
ciency in some countries than has previously been realized.®®

Absorption from the whole diet

It has been suggested that the absorption of food iron takes place from
2 independent pools, a haem iron pool and a non-haem iron pool, and that
the absorption from food could be estimated by the use of extrinsic tracers
— a radioactive iron salt for the non-haem iron pool and radioactive
haemoglobin for the haem iron pool.#* 442 Evidence validating this
technique was discussed by the Group.

In studies of non-haem iron, a number of investigators have found an
absorption ratio (extrinsic/intrinsic tracers) close to 1 for a variety of
foods (maize, white flour, wheat, bran, soya beans, and eggs) over a wide
range of absorption rates.

The simultaneous administration of desferrioxamine reduces the absorp-
tion of both the extrinsic and intrinsic tracers to the same extent, and
ascorbic acid and meat increase both.

In studies of haem iron, 2 groups of workers have found an absorption
ratio (extrinsic to intrinsic tracer) of about 1.1 when the radioactive haemo-
globin was mixed, before cooking, with intrinsically labelled minced veal.

It appears to be possible, therefore, to study the absorption of iron
from a complete meal in which the non-haem pool of food iron is labelled
with a radioactive iron salt and the haem pool is labelled with haemoglobin
containing another isotope of iron.4%> 41 Results obtained with this method
suggest that the values found were compatible with other indirect data on
the magnitude of iron absorption under different conditions. The results
further indicate that the absorption of iron from a mixed ““ Western type ”
diet is approximately 6% in normal males, 14% in normal females, and
20% in iron-deficient subjects. In contrast, even in persons who are
deficient in iron, very much less iron is absorbed from predominantly
cereal diets. However, before applying this method on a wider scale, it
is necessary to study various factors, such as the effects of gastric acidity,
the bulk of the diet, mixing techniques, and cooking procedures.

Folate

Occurrence of folate

Data on the occurrence of folate in foods were reviewed earlier.3
Perhaps the most valuable reference is that to the work of Toepfer et al.,*
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who list the folate content of some 348 foods. Unfortunately this work
appeared over 20 years ago, before it was recognized that higher values
are obtained if ascorbate is used to prevent loss of heat-labile forms. There
is great need for an authoritative compendium of food folate values,
prepared by more modern methods. Studies of the folate content of foods
call for standardization of methods and for a technique to confirm the
activity of enzyme preparations and the completeness of the conversion of
polyglutamates to forms available to the assay organism.

In some foods, folate may be bound to other substances. In vegetables,
there is evidence that folic acid is non-specifically bound to cellulose
fibres.#¢- 45 Diets subjected to conjugase treatment after the removal of
fibres appear to contain several times as much folate as crude homogenates
do. The importance of this phenomenon has not been evaluated in terms
of the availability of folate for human beings. Both human milk and cow’s
milk contain approximately 50 pg of total folate per litre 46 bound to proteins
related to B-lactoglobulins.#” The bond is destroyed by heat, but it is not
known to what extent digestion renders the folate available for absorption
by infants. This protein presumably accounts for the incorporation of
folate by mammary tissues even in preference to the haemopoietic system,
and helps to explain the increased folate requirements during lactation.

Folate absorption and utilization

Earlier investigations were largely confined to the study of pteroylmono-
glutamate absorption, and are of doubtful relevance to the absorption of
food folate.

. The introduction of labelled polyglutamates4® provided an important
aid to research. It has been shown that, when the C label was in the
pteroate moiety, or in the first glutamic acid, the oral administration of
polyglutamates caused 14C-labelled pteroylmonoglutamate to appear in the
plasma. However, when the label was in the second or subsequent glutamic
acids, no radioactivity appeared in the plasma, although the exhaled CO, was
radioactive. This is strong evidence that, in the process of absorption, the
polyglutamates are usually split into monoglutamates, presumably by the
action of conjugase present in the intestinal juice and mucosal absorptive
cells. It is not yet clear whether polyglutamates are always transformed
into monoglutamates before absorption, or whether some of them (partic-
ularly di- and tri-glutamate forms) may be absorbed direct as such. When
polyglutamate forms of folate are ingested, plasma levels of free folate rise
but a rise in conjugated forms of folate has not been found.*® Plasma
itself contains a powerful conjugase that has maximal activity in vitro at an
acid pH. If this enzyme is active in vivo at the pH of plasma, the failure to
observe conjugated forms in the circulation cannot necessarily be taken as
evidence of the lack of absorption. of polyglutamate forms.
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In the past, it was thought that only the  free ” component of dietary
folate was available for meeting nutritional requirements. However, there
is now evidence that pteroylpolyglutamates are nutritionally active in man,
so that both * free >’ and “ bound ” forms of folate should be considered
to be available. In metabolic studies in man % it has been observed that,
after the ingestion of folic acid, plasma levels rise rapidly, faecal losses are
low, and urinary excretion is high. As the number of glutamate residues in
the side chain of synthetic polyglutamates increases, the faecal losses are
greater, plasma levels rise more slowly, and urinary excretion decreases.
After the ingestion of either folic acid or pteroylheptaglutamate, net losses
from the body appear to be about 50% of the amount ingested. In other
words, it appears that approximately half of the folate is retained and
half of it is excreted whether it is ingested in a polyglutamate or in a mono-
glutamate form.

Factors that may interfere with folate absorption

It is well known that megaloblastic anaemia may occur with the use of
certain anticonvulsant drugs, such as diphenylhydantoin. It has been
suggested that this drug interferes with the intestinal deconjugation of
dietary folate.’* However, other investigators have not been able to confirm
such a mechanism of action.?® It has also been suggested that oral contra-
ceptive agents may induce megaloblastic anaemia in certain cases by inter-
fering with folate absorption, but further information is needed on this
point. There is also evidence 3 that alcohol, in addition to increasing
folate requirements, may interfere with folate absorption. Diseases of the
small intestine, such as gluten-induced enteropathy and tropical sprue,
also may interfere with folate absorption.

Vitamin B,

Man derives most of his dietary vitamin B,, from the flesh of ruminant
animals or from dairy products, such as milk and cheese. The original
synthesis of the vitamin occurs almost exclusively in micro-organisms.
Other rich sources are certain molluscs and crustaceans that filter and
scavenge micro-organisms from the surrounding water as part of their own
food. There is little or no vitamin By, in plant foods grown under sterile
conditions, but both these and drinking water may be contaminated with
vitamin B,, of bacterial origin.

The vitamin B,, in food is usually bound to protein through peptide.
The vitamin is released by the heat of cooking and by the action of gastric
acid and gastric or intestinal enzymes. Apparently it is relatively stable
to heat at the temperatures reached in food preparation.

Vitamin B,, may exist with a variety of substituents attached to the
cobalt atom. Cyanocobalamin is apparently an artefact of isolation,
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although there is evidence that vitamin By, can accept —CN groups in
nature and can protect against the toxicity of cyanogenic compounds.5
This and other substituents, such as ~OH, -Cl, -NO,;, -CH,;, =SO,, and
-5’-deoxyadenosine, all appear to be nutritionally active and subject to the
normal mechanisms of absorption.

The vitamin B,, content of diets varies with the proportion of animal
foodstuffs. In one study, in the USA, it ranged from 1 to 85 pg daily.5
Average vitamin By, values for high-cost, low-cost, and poor diets were
31.6, 16, and 2.7 pg per day, respectively.

Other estimates indicate that most American diets contain between
50 and 100 pg daily.- 57 The average daily diet in Great Britain contains
approximately 5 ug.58 Little is known about the vitamin B,, content of the
diet in developing countries, but recent estimates from India show a total
intake of 0.3 to 0.4 pg per day.%

As the available reports on the vitamin B,, content of foods show a
wide variety of complex problems associated with the extraction and assay
of cobalamins (some of which are thermolabile or photolabile) there is need
for more information on this subject.

Some attention should be given to the form in which vitamin By, is
ingested. At least in pharmacological doses, retention of hydroxocobalamin
appears to be more efficient than that of cyanocobalamin is.%: 61 In healthy
volunteers, the renal clearance of cyanocobalamin was essentially the same
as that of inulin, whereas the excretion of hydroxocobalamin was approxi-
mately one-third that of inulin.®® In experimental animals, the storage of
vitamin By, in the liver and kidney is impaired by suboptimal intakes of
riboflavin, folic acid, and choline.®® Thus, as is the case with synthetic
polyglutamates, the net retention of a test dose of cyanocobalamin may be
less than with the naturally occurring dietary form.

6. RECOMMENDED INTAKES

Iron

In 1970, an FAO/WHO Expert Group % recommended certain daily
intakes of iron. The present group reconsidered these figures but did not
think that there was sufficient evidence to justify changes in the recommen-
dations. However, certain points need to be restated.

The recommended intakes of iron (Table 1) — which refer only to food
iron, exclusive of contamination with particulate iron, e.g., from the
soil — will be enough in all but 5% of cases. Since, in a given community,
there will always be a range of iron intakes, in practice, the mean intake for
adequately nourished individuals will be higher than that recommended.
It is assumed that the requirements of calories and of all other nutrients
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TABLE 1. RECOMMENDED DAILY INTAKES OF IRON

mg of iron required, according to diet

Absorbed iron

Group regr;mjg)ed Animal foods Animal foods Animal foods
below 109 of 10-25% of over 25% of
calories @ calories calories
Infants 0-4 months 0.5 -0 - —b
{nfants 5-12 months 0.7 ¢ 7¢ 5¢ 4c
Children 1-12 years 1.0 10 7 5
Boys 13-16 years 1.8 18 12 9
Girls 13-16 years 2.4 24 16 = 12
Menstruating women 4 2.8 28 19 14
Men 0.9 9 6 5
Pregnant women '
;:Lh:;ff":fp‘:f:;s:ncgy I ) See 1970 Joint Report, % p. 52
Lactating women

@ [n populations eating virtually no foodstuffs of animal origin, the intakes need to be higher.
b Breast-feeding is assumed to be adequate.

¢ Figures recalculated subsequent to the publication of Wid Hith Org. techn. Rep. Ser., 1970,
No. 452,

@ For non-menstruating women, the recommended intakes are the same as for men.

are fully met. In populations eating virtually no foodstuffs of animal origin,
the intakes will need to be raised considerably. However, owing to the
lack of information on this point, no recommended intakes are specified for
such groups. Furthermore, the recommendations in Table 1 are not valid
for populations in which abnormal conditions, such as hookworm infection
or malabsorption, or habits such as clay eating, are prevalent.

In view of the prevalence of iron deficiency anaemia and the size of the
recommended intakes in relation to the usual levels, there is a clear need to
increase the dietary iron intake in many, if not most, populations. This
might possibly be accomplished in some areas through food fortification
programmes, “the alternatives being either the provision of direct iron
supplements for vulnerable groups or a major change in dietary habits.’ 8

Folate

In adults maintained on a diet containing very small amounts of * free »
folate and an ill-defined amount of total folate, it has been shown that a
supplement of 50-100 pg of pteroylmonoglutamic acid is sufficient to meet
daily requirements. But in fact both “ free * and polyglutamate forms of
folate are available from the diet approximately to the same extent. Such
adults receive not only pteroylmonoglutamic acid : their diet also supplies
them with an undetermined amount of polyglutamate forms of folate.
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which should be taken into account in evaluating the requirements of total
folate and not only those of * free ” folate, as was done by the FAO/WHO
Expert Group.3 The values for requirements of total folate are given
in Table 2. However, these requirements are increased during pregnancy,

TABLE 2. RECOMMENDED DAILY INTAKES OF FOLATE

Group ug of total folate @

Age group :

0-6 months 40-50

7-12 months 120

1-12 years 200

13 years and over 400
Pregnant women 800
Lactating women 600

a “Total folate’ includes “free’’ and “bound” or polygiu-
tamate forms.

lactation, hypermetabolic states, and chronic haemolytic disease, as well
as in chronic alcoholism. In such situations, the requirement in terms of
total folate is at least 600 pg daily.

The previously published figures for children under 6 months of age were
based on estimates of the total folate content of milk and not just its ** free
folate content. The figures therefore remain unchanged.

Yitamin B,

Vitamin B,, requirements were considered, as suggested by the Joint
FAOQ/WHO Expert Group,® and, although in the opinion of some partici-
pants these amounts were greater than the minimum requirements for
health, the Group did not think that enough new information had accumu-
lated to justify any change in the recommendations (see Table 3).

TABLE 3. RECOMMENDED DAILY INTAKES OF VITAMIN B,

Group By of vitamin By2
Age group:
0-12 months . 03
1-3 years . 0.9
4-9 years 1.5
10 years and over 2.0
Pregnant women . . 3.0

Lactating women 2.5
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7. IRON AND FOLATE SUPPLEMENTATION IN PREGNANCY

The objective of nutrient supplementation during pregnancy is to ensure
optimum health of mother and child. This implies that the additional
nutritional requirements during pregnancy and lactation must be met and
any pre-existing deficiencies must be corrected. The Group considered
trials of supplementation carried out recently in India, Israel, and Mexico.

In Israel,% in a community of low socioeconomic status, the daily
administration to pregnant women of iron (100 mg), folic acid (300 pg),
and vitamin B, (100 pg) was found to cause a rise in the haemoglobin
concentration of more than 0.5 g in 90% of the women. The combined
administration of iron and folic acid was more effective than the adminis-
tration of either of these alone. When every pregnant woman found to
be anaemic was systematically treated with this combination of haematinics,
the prevalence of anaemia in this group was reduced from over 50% in 1965
to 6% in 1970. However, even when all 3 haematinics were administered,
the mean haemoglobin concentration in the women examined did not rise
above 11 g per 100 ml.

In a study in Hyderabad, India,% 30 mg of iron where given daily during
the last trimester of pregnancy to women with initial haemoglobin concen-
trations higher than 8.5 g per 100 ml. The haemoglobin concentrations
rose in about 30% of the women and were maintained at their initial levels
in a further 60%. The addition of folic acid (500 pg) and vitamin By,
(2 pg) to this regimen produced no further elevation of haemoglobin.

Two WHO collaborative studies were carried out in Delhi % and Vellore,
India.f” Supplements were given for 10-12 weeks, starting at about the
26th. week of pregnancy. Control groups received only placebo and showed
a progressive fall in the haemoglobin level. The women whose diet was
supplemented received vitamin B;, (100 pg intramuscularly once a fortnight),
folic acid (5 mg daily), and iron (in a single daily dose of 30, 60, 120, or
240 mg). In most of the women receiving iron there was a significant
increase in the haemoglobin concentration, though little difference in
efficacy could be detected between the different doses of iron. Even in the
group receiving 240 mg of iron, the haemoglobin concentration did not
rise above 11 g per 100 ml in about half of the women. Subjects receiving
vitamin B,, and folate alone, without added iron, showed a mean drop in
the haemoglobin level similar to that in the group receiving only placebo.

In a study in Mexico & pregnant women were given 1.2 g of iron dextran
intravenously. Whatever the haemoglobin level was at the time of injection,
it reached a mean value of 14.5 g per 100 ml at labour, provided that
enough time had elapsed between the injection and labour. Therefore this
level seems to be the homoeostatic level for pregnant women living at an
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altitude of 2 550 m above sea level (equivalent to about 13 g per 100 ml at
sea level).

The reason why the anaemic pregnant women in these studies failed to
achieve normal haemoglobin concentrations in spite of apparently adequate
therapy is unknown. In Delhi and Vellore, the iron tablets were not admin-
istered while the subjects were fasting. It is therefore likely that the ab-
sorption of the iron was depressed by the food in the predominantly vege-
tarian diet. It is also possible that the low protein intake of these women
(about 30 g of vegetable protein per day) may have limited their haemo-
poietic response.

In these, as well as earlier studles it has been shown that low serum
concentrations of folate and vitamin B,, are prevalent. However, the relative
importance of the deficiency in these nutrients cannot be evaluated from
the present studies, although the results from Israel indicate that, at least
in some communities, it is advisable to supplement the diet with folic
acid as well as iron. =

On the basis of the reported results of supplementation in pregnancy,
and of recent data on iron absorption, the Group considered public health
measures for the prevention of anaemia in pregnancy. Variations in the
dietary intake of iron, and in iron stores, in different population groups
make it necessary to recommend iron supplementation at different dosage
levels (see Table 4). In women more than 25% of whose caloric intake

TABLE 4. RECOMMENDED AMOUNTS OF IRON AND FOLIC ACID SUPPLEMENTATION
IN PREGNANCY

Iron daily Folic acid daily ¢
(mg) (ug)
Populations with iron stores 30-60 500
Populations without iron stores  120-240 500

2 In severe folate deficiency, or in multiple pregnancses more than
500 ug may be necessary.

comes from animal sources and who have iron stores at the beginning of
pregnancy, a daily supplement of 30 mg of iron is sufficient to maintain
optimum haemoglobin concentrations. However, there is evidence that
these conditions seldom exist, even in developed countries, and it is probable
that a daily supplement of 60 mg of iron is desirable. In countries where
less than 10% of calories come from foods of animal origin, iron deficiency
is prevalent and many women are anaemic at the commencement of preg-
nancy. Supplementation with greater amounts of iron is therefore required,
and it is recommended that the dosage of iron in such cirucumstances
should be 120-240 mg per day. All pregnant women should receive,
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in addition to iron, supplements of folic acid of about 500 pg daily. Supple-
mentation with both iron and folic acid should start not later than the
second trimester of pregnancy and should continue until the end of lactation.

8. EVALUATION OF FOOD FORTIFICATION PROGRAMMES

Previous reports 3 33: 68 have shown that in some parts of the world it may
be necessary to fortify foods with iron. The problem has been studied
intensively during the past few years,3 6% 70 but the resultant information
has served more to emphasize the difficulties than to find solutions to them.
It appears that 3 factors must be examined in any attempt to improve
nutrition through fortifying foods with iron.

(1) The availability of iron salts. When an iron salt is being considered
for use, its availability should be compared with that of ferrous sulfate,
employing isotope techniques. Furthermore, its absorbability should be
shown to be sufficiently good to justify its use. Some commonly used
preparations are poorly absorbed.”? In a recent study of 4 preparations
(ferrous sulfate, ferrum reductum of small particle size, ferric orthophos-
phate, and sodium ferric pyrophosphate), only ferrous sulfate and ferrum
reductum were effectively absorbed.”™ Several studies on the fortification
of foodstuffs with iron salts have been described. One study concerns the
fortification of a fish sauce that is widely consumed in Thailand,” the
average consumption being about 15 ml a day. It has been possible to
add 1 mg of elemental iron per ml as the EDTA salt, and preliminary results
show that about 5% of this added iron is absorbed when the sauce is taken
with the local diet. Other foodstuffs, such as salt and sugar, have been
considered as possible vehicles for iron salts. A recent trial of fortified
salt ™ gave disappointing results, almost certainly attributable to the nature
of the iron compounds used and the cereal diet to which the fortified salt
was added.

(2) The availability of iron in a fortified food taken as part of the ordinary
diet. The above-mentioned studies on iron absorption have led to the
hypothesis that all absorbable iron in a meal, whether natural food iron or
added iron, enters one of two pools prior to absorption. If this is true, then
“available ”* iron salts used to fortify a foodstuff will be absorbed to the
same extent as the iron in the rest of the meal in which the fortified food is
eaten, and are subject to the same enhancing factors (e.g., meat, ascorbic
acid, cysteine) or inhibiting factors (e.g., phytate, eggs, bran). Whereas the
identity of all the factors that may inhibit iron absorption is not known,
there is already enough evidence to suggest that they may greatly limit the
effectiveness of fortification programmes unless they can be eliminated or
neutralized.™ This problem is likely to be an important one especially in
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countries such as India where, despite relatively high dietary intakes of
iron, iron deficiency is common. The possibility of improving nutrition by
employing substances that enhance iron absorption from foodstuffs should
also be investigated. One promising approach ? is based on the observation
that, when relatively large amounts of ascorbic acid are added to cereals
before. these are cooked, not only does the absorption of the added iron
increase significantly, but also that of the iron contained in the cereals.
The availability of the iron in a fortified food included in a standard meal
should determine the feasibility of a proposed fortification trial.

(3) Evaluation of the effect of fortification on iron balance and health.
Since the fortification of food with iron is intended to prevent rather than
correct iron deficiency, the best way to evaluate it would be to determine,
in a representative population group, the extent to which a fortification
programme prevents the development of iron deficiency. Such a study could
be made in a population that had previously been found to be anaemic
and that had been effectively treated with iron.”® There is evidence that
fortification of the milk and cereals given to babies protects them to some
extent against the development of iron deficiency.?- " In adults the situation
is more difficult, and fortification programmes have sometimes been carried
out without adequate evaluation. Therefore it is recommended that any
iron salt used in future field trials should be one that is reasonably well
absorbed and is suitable for food fortification programmes. Furthermore,
enough of the iron salt should be provided to ensure that an effective amount
of it is absorbed from the basic diet. It is the effectiveness of the iron salt
in preventing anaemia under otdinary living conditions that should be
evaluated.

9. RECOMMENDATIONS

To ensure the comparability of studies by different investigators, and
to improve diagnostic methods, laboratory procedures for the assessment
of iron, folate, and vitamin B, nutrition should be developed further and
standardized. : .

The assessment of dietary intakes requires more information on the
content, nature, and absorbability of folate and vitamin B,, in individual
foodstuffs, and on the effects of processing, cooking, and storage. More
knowledge is also needed regarding the absorption of iron, folate, and
vitamin B,, from common diets. In the case of iron this information can
be obtained by means of the extrinsic tracer technique for measuring the
absorption of the total iron contained in a meal.

Assessments of the prevalence and importance of anaemia and nutritional
deficiencies, and of the effectiveness of preventive measures, must be based
on epidemiological studies (see Annex 1) employing .valid sampling proce-
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dures and survey methods. These have been described in a previous WHO
report.™

The distribution of normal haemoglobin values (as defined in Annex 1)
should be established in representative population samples. Since severe
anaemia is known to be associated with increased morbidity and impaired
function, it seems reasonable to assume that mild anaemia may also impair
health. Controlled double blind trials of supplementation to eradicate
anaemia should therefore be carried out, and the effects of eradication on
indices of health such as morbidity ; growth and development ; and work
capacity should be estimated.

Ideally, recommendations for public health action should be based
on the results of such controlled double blind trials. Unfortunately,
evidence of this kind is scarce and difficult to obtain, so current recommen-
dations have to be based on estimates of prevalence. At the present time,
public health action should be directed towards the elimination of anaemia
in populations with a high prevalence. It is therefore recommended that,
wherever possible, the diet of pregnant women should be supplemented as
indicated in this report. At the same time, the effectiveness of such supple-
mentation, carried out under normal conditions as a public health measure,
should be carefully monitored by studying changes in haemoglobin concen-
trations and in morbidity and mortality in mothers and children. The
recommended supplements are based on the best available evidence, but
further information is necessary to establish the optimum combinations of
haemopoietic nutrients required in different communities. The possible
role of protein deficiency in the pathogenesis of anaemia in pregnancy also
requires investigation.

The most practicable method of eliminating iron deficiency in a commu-
nity is probably the fortification of food with iron. Suitable fortification
procedures must therefore be developed, particular attention being paid
to the form of iron employed ; the foodstuff to which it is added ; the amount
of that foodstuff consumed by different segments of the population ; the
adequacy of iron absorption from the fortified diet ; and the acceptability
of the procedure to consumers and the food industry. Since the absorption
of iron may be limited by the very nature of the diet, ways of enhancing it —
e.g., by adding ascorbic acid — should also be investigated. The effective-
ness of any fortification programme must be evaluated in controlled double
blind field trials simulating normal conditions as closely as possible.
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Annex 1

GLOSSARY

Anaemia. A reduction of the haemoglobin concentration, the haematocrit,
or the number of red blood cells, to a level below that which is normal
for a given individual (see normal haemoglobin concentration).

Deficiency, nutritional. A relative or absolute lack of a nutrient that, if
it persists long enough and becomes severe enough, will lead to a
deficiency disease.

Deficiency disease. Any specific pathological state, with characteristic
clinical signs, that is due to an insufficient intake of energy or essential
nutrients ; it is usually of dietary origin and can often be prevented or
cured by bringing the intake up to an adequate level.

Folacin. Synonym for folate.

Folate. A generic term, including all forms of heterocyclic compounds
that are based on the pteroic acid skeleton conjugated with one or
more glutamic acid molecules in gamma peptide linkage and that are
nutritionally active in man (synonym for folacin).

Folic acid. Pteroyl monoglutamic acid (PGA).

NOTE : This differs slightly from the definition given in the report of a
FAO/WHO Expert Group,® in which folic acid and folate were used
synonymously.

Fortification. Of the terms in current use (enrichment, restoration, etc),
“ fortification ”* was recommended in the eighth report of the Joint
FAO/WHO Expert Committee on Nutrition as * the most appropriate
to describe the process whereby nutrients are added to foods to maintain
or improve the quality of the diet of a group, a community, or a popu-
lation. ”* &8

Normal haemoglobin concentration. The haemoglobin concentration in a
given individual under ideal conditions of health and nutrition. In a
community, under ideal conditions of health and nutrition, the frequency
distribution of the haemoglobin concentration in a representative
population sample expresses the normal frquency distribution for the
entire community.
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Nutritional anaemia. A condition in which the haemoglobin concentration,
the haematocrit, or the number of red blood cells is lower than normal
as a result of a deficiency of one or more essential nutrients, regardless
of the cause of such deficiency.?

Recommended daily intake. The daily amount of a nutrient considered
to be sufficient for the maintenance of health in nearly all people.

NOTE : The recommended intake is not expected to cover any additional
needs for the nutrient that * may result from abnormal conditions such
as microbial and parasitic infections, malabsorption syndromes, or
metabolic abnormalities of genetic or degenerative origin.” 8 Some
food additives, drugs, or other chemicals may also increase the require-
ments of essential nutrients. The recommended intake of each nutrient
is established on the assumption that requirements of calories and all
other nutrients are being fully met.

Vitamin B;,. One or more of a group of cobalamins that are nutritionally
active for man, and whose essential chemical structure consists of a
cobalt-containing tetrapyrrole (corrin) ring attached to a dimethyl-
benzimidazole nucleotide and an aminopropanol chain. * Cobalamin ”
may be used as a synonym for vitamin By,.

A variety of substituents may be attached to the cobalt atom (-OH,
-Cl, -NO,, —-CHj;, =S0,, and —5'-deoxyadenosine) without materially
affecting nutritional properties. Cyanocobalamin, thought to be an
isolation artefact, is also nutritionally active in man. It has the advantage
of being relatively heat-stable and is used as a reference standard.

NOTE : This definition is more complete than that given in a previous
report.33
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INDICES SUGGESTIVE OF ANAEMIA AND
NUTRITIONAL DEFICIENCIES

Haemoglobin concentrations below which anaemia is likely to be present
at sea level

£1100 ml

Children 6 months to 6 years 11
Children 6-14 years 12
Adult males 13
Adult females, non-pregnant 12
Adult females, pregnant 11
Mean corpuscular haemoglobin concentration
Levels below 31 are likely to indicate iron deficiency
Serum iron concentrations and percentage saturation of transferrin

Normal Probable

range deficiency

Serum iron (ug/100 ml) 80-180 < 50
Percentage saturation of transferrin 20-50 < 15
Serum vitamin B;, and serum and red cell folate concentration

Normal Probable

range deficiency
Serum B,, (pg/ml) 150-1000 < 100
Serum folate (ng/ml) 6-20 < 3

Red cell folate (ng/ml) 150-700 < 100



