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-Research needed to support the assessment, intervention and evaluation of 
programs 
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I.
 
Introduction
 

Iron deficiency is the most commonly recognized effectiveness. Much of this information is already 

form of nu-ritional deficiency in developing being applied in new recommendations for infant 

countries as well as in affluent societies It is feeding, in iron-fortification" of infant foods, and in 
are effectiveparticularly prevalent among infants and young planning school lunches, all of which 

children because rapid growth imposes large iron means of preventin- iron deficiency in infants and 
a children. Despite il spid accumulation of newneeds and because most infant diets contain 

marginal supply of iron. In recent years. iron information, the dv-. ity of dietary practices and 

requirements dunng early development have become economic circumstances in various parts of the world 

better defined and greater attention is being paid not pose special problems that call for a variety of 

only to preventing deficiency. but also to avoiding solutions. In this report we will review some of the 

unnecessary supplementation. Studies of iron characteristics of iron metabolism and nutrition in 
infants and children and discuss the application ofabsorption have shown that the form of iron in the 

diet is at least as important as the amount, and that this information to the prevention of iron deficiency. 

the age at which iron is administered influences its 

*Inaccord with recent INACG and WHO publications, the 
term "fortification" will be applied to the addition of a 

nutrient (iron) to a food, whereas "supplementation" will 
refer to use of that nutrient in liquid or tablet form. 



II.
 
Salient Features of Iron Metabolism
 

A. Irn Cotpoundls i the BodY aid Thwir 
Functi, Iron-containin, compounds in the body 
may be grouped conveniently !nto two cat gories: (a) 
those that serve metabolic or enzymatic functions: 
and lb, !hose associated with iron storage. The first 
categ r.. includes, hemoglobin. myoglobin. the 
cv-ochromv. and otherseveral proteins that 
tunc ,ionin the ransport. storage and uilization ot 
oxygen Depending on the ta%,g.ot development, 
thev- compounds account for 25 to 55 mx kg body 
weight more than 80' ot which is in hemoglobin.: 

The storag. c(ompo;unds account for 5 to 25 mg 
ir in kg bcdv weight. primarily as territin and 
he iosiderin The(- (ompounds are involved in the 
r.aintv.anre ot iron homeo stasi,, When the supply 
of dietarv iron bec limes inadequate. irin is mobihzed 
from ferritin and hemosiderin and serve, to maintain 
the product(on of hemoglobin and other iron 
compout;d; with known metabolic functions,.'' not
until this production becomes restricted is there likely 
to be any impairment of body function. 

B. Iron Balance A distinctive feature of iron 
metabolism is the remarkable extent to which the 
body conserves and reiutilizes iron once it has been 
absorbed The quantity of body iron is normaily 
maintained within narrow limits at each stage of 
growth and development. This is accomplished 
primarily through the regu)ation of intake; at the 
placentM] interface in the fetus, and pot-natally by 
the inteminal mucosa The amount assimidated each 
day is a sina!! fraction of the total in the diet. but its 
regulation is the means by which iron homeostasis is 
maintained. Iron excretion occur, primarily through 
desquamation of the cells of the inte tinal mucosa. 
The amount of iron lost in this mann.r is relatively 
fixed and is thought to vary over no more than a 

four-fold range in response to iron deficiency or 
overload.' ' This relatively restricted range of iron 
loss indicates the importance of absorption as ,he 
determining factor in iron homeostasis. 

The degree of iron absorption may vary considerably 
depending on the abundance of body iron stores, the 
form and amount of iron in foods, and on the 
combination of foods in the diet. The major 
difference in iron balance between infants or children 
and adults is in the degree of their dependence on 
dietary iron. In adult men. about 95% of the iron 
required for the production of red blood cells is 
recycled from the breakdown of senescent red cells 
and only 5% comes from dietary sources.' In 
contrast, the one-year old infant, due to his rapid 
growth, is estimated to derive less than 70% of red 
cell iron from senescent red cells and requires about 
30% from the diet (Table 1). 

C. Iron Absorption." " 1. Heme vs. io,-heIme 
tinorganic) irii. Food iron exists primarily in the 
non-heme form of inorganic iron III (ferric)
complexes, with a smaller amount present in the 
hene proteins, hemoglobin, and myoglobin. which 
are present in meat. Inorganic iron III complexes in 
food are 'iroken down during digestion, and the iron 
is partly ,educed to the more readily absorbed iron 11 
(ferrous) form. This conversion is facilitated by 
endogenous factors such as hydrochluric acid in the 
gastric secretions and by dietary constituents such as 
ascorbic acid. Ascorbic acid also enhances 
assimilation of ionic iron by another mecharism, the 
formation of absorbedreadily iron-ascorbat.: 
complexes. Absorption of non-heme iron can be 
decreased by a number of dietary constituents such 
as phosphate and oxalate. which form insoluble iron 
compounds, a process that is favored by the alkaline 
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TABLE 1. 
GREATER DEPENDENCE ON DIETARY IRON IN THE INFANT COMPARED TO
 

THE ADULT MALE
 

Infant Age I Year Adult Man 
Wt: 10 Kg) (Wt: 70 Kg) 

Hemoghbn Ir/,i 
In Circulation 270.0 mg 2.200 .ng 
Turnover day' 2.3 mg 18 mg 

Dietary Irmn 
Assimilated day" 0.7 mg 0.9 mg 
% of Hgb iron Turnover 30% 5% 

"ba,.ed 'r. 8 red rell hjte,,pn ot 120 days
 
'from referencr., .3and 10 tor inian1, and Qfor ihe adult
 

environment of !h- small intestine Absorption of method of quantitating iron absorption is essential 
inorganic iron :%alm, de~reaed b' th. presence of for determining which diets and methods of food 
food fil.er and by (ertain metal chclator, fortification are likely to be successful in prrventing 

iron 	 iron deficiency. During the last Jcade. theThe smaller portion of 
the form of hee detary irnthat is present in techniques for measuring iron absorption have
hee ioro Herne isshandled differently from non- become more refined as radioisotopic techniques 
hemorobin and myopobin inthe intestinal lumen have supplanted the more tedious and imprecise 
Themoe ishen assimilated intact by the intestinal balance methods. Many recent studies have 
mucoa andionic iron s released by a hene-splitting employed the whole body counter to measure theh 
ema ainicn osal ahemesptittints amount of isotope retained after oral administration.iherel.Diedaby 
enzyme within the mucosal cell. Dietary constituents iron absorption can also be estimated from the 

eetmtdfo hthat decrease the absorption of non-heme iron Io bopincnas 
heme iron; amount of isotope incorporated into ht nuglobin,appear tshave significantly less effect 	on 

heme iron is measured in a sample of peripheral blood. a larger percentage of the dietary 
therefore assimilate-i. In one study, for example. 
37% of the heme iron was absorbed from a test meal 1.-e most physiologic method of studying iron 

in contrast to only 5% of the non-heme iron.' Thus, absorption involves feeding biosynthetically labelled 
plant and animal foods. Iron absorption frem many

the quantiative relationship between heme and non- foods has been studied by this laborieus method. 
percentage of food iron that will be absorbed. Fortunately. subsequent studies established that 

dietary iron absorption takes place from two pools, a 

In infancy, there is almost no hene iron in the diet hene iron and a non-heme iron pool. each of which 
dunng the period when milk is the major source of can be labelled with a different radioactive isotope of 

calories The relatively small amount of iron in milk iron. " '1 Under the proper conditions" 1'11 the 

is pnmarily in the non-heme form. After infancy, the labelled heme and non-heme iron added to food will 
amount of herne iron in the diet will increase at exchrnge in the intestinal lumen with the 
varying rates and to varying degrees according to corresponding forms of intrinsic dietary iron in the 
eating patterns in different parts of the world. For food or meal. In diets that contairn little heme iron, 
example. the per capita intake of heme iron among total iron absorption can be measured with 

adults in Australia. the United States and Sweden is considerable accuracy by using a single non-heme 
estimated to be greater than 2.5 mg/day. In Tanzania iron isotope. These and other studies which were 
and India it is less than 1.0 mg/day. recently reviewed" have advanced the methodology 

and make it more practical ihan previously to 
2. Quantitation of iron absorption. A reliable measure iron absorption from foods or meals. 
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Despite standardization of experimental conditions, marrow iron and iron absorption is evidentindividual values for iron absorption fluctuate both in children"s 1 and adults" (Fig. 1).considerably among individuals with comparable However, there is a tendency to higheriron stores and even in repeated studies on the same absorption values in children that can beindividual. However, relatively consistent results are largely attributed to their noiral tendencyobtained for specific foods or standard meals when 
to 

have scant iron stores. Thus. extrapolatingabsorption of iron is measured in sufficiently lrge absorption data obtained from adults will groups of individu.1s. generally result in an underestimation of the 
percentage of iron absorbed by infants and3. Resifls of iron absorptiotn studies. children. Studies in both children and adults a. S:andariidoses of n,:on-eI' iron under fasting show that the intestinal mucosa plays aconditions homeostatic role in decreasing iron absorptionWhen a standard dos of labelled iron (0.56 mg when stores are abundant and in increasing

"Fe(Il with 17.o mg ascorkate, a 1:10 molar absorption when stores are diminished. Thisratio) is administered under fasting conditions, adaptive response favors the self-correction of 
an :iverse relationship between stainable bone mild iron depletion in infants and children. 

100 

80 

z 
60 

I
0
 

20 0 

0 
0 (.) + - ++ 

MARROW IRON 

FIGURE 1-MARROW IRON 

IRON ArlSORrrTION IN CHI.DREN Iron ubsrphiin :%increa.d when stainable bone marrow iron i%decre.4.rd a(Jminiir.;hton ofStzudip were i',nr hy wh..P body r,ur.:'r after 0 56 mx"Fetll) under fa,,ing.ndioton. The pr-rent rt ,rn,bs,,trbj ;%p:!ted againsi staabi* iron in the bone marriw. N .,jinaf','
marrt'w tr.%i,de"i. .ad -0 !rare, ,f.tunable ir,,n i . r a in(reasin am.uount% f%lainable ir,n fram -


'I'"P inC. o.- hrw/,nwail a! 40. in(jirai,.s limil of iron aborptionthe upper in adulh, with normal 
marr w ,ren soar,', 'buv!.-,rn - and T tliure i drawn from fkender-(';tte et at 

4 

http:decre.4.rd
http:individu.1s


within the constraints imposed by the diet. Iron absorption from infant foods has been less 
Also. a dose of fortification or supplemental extensively studied and almost entirely with 
iron will be better utilized when it is given for exogenous label. In interpr ting the results. 
an established deficiency than when it is both the percent and the amount absorbed 
administered in anticipation of future need. from an average daily intake should be 
This consideration applies pairticularly to the considered (Fig. 3). Milk, for example, is the 
f;rst few month% of life. when infants have dominant source of alories during the first 
abundant iron tores and iron is less well year of life and the major detcrminant of infant 
absorbed! Fig. 2j:: A higher percentage of iron nutrition: other foods are eaten in much 
is absorbed duriny later infancy when iron smaller quantities. Both breast milk and cows 
stores are marginal, milk are unusually iron-poor foods.:' The iron 

content of breast tiiilk gradually falls from 
b 	 Iro ,i Jl,;,?,t:n,, t,,,,i ;;,iI,' foodf. The about 0.5 mg liter during the first month after 

percentage (it iron ansorbed by adults from birth to about 0.3 mg liter between 4 and O 
individual. bio.nthticaliv labelled toods months of age."' The iron content of cow's 
average%from a mean ot 4 . than I'- to over milk or unfortified (cowsmilk formula may be 

20,- " Iron is ahs,,rh d least well Irom toods influenced by introduct ion of contaminating 
of vegetable origin .nd best from meat. exogenous iron in the course of its handling: 

100 

80 	 TERM 
0 	 PRETERM 

/ 

20 

0I 	 I I I I I0 	 6 12 18 

CL5	 AGE, MONTHS 

FIGURE 2--AGE. MONTHS 

r)F..'EI.c)PMENT,\I. (.HA.";,S INA,\cORTITION O)F IRON IN INFt\NC Y .Studie, weie done by whle,bodly 
crounier dtter ddrnln,,,r:ro,, ,(, 0 5o .. 'FelI imlh'. tasihnrig undiil~ns Iro'n .a[k(rptilon intcrl, ee wit,'h age. as, 

Irofl sic(rw.., dJ;m.rs,.. Tb¢.' e hanige" c,ur e'.ir1.."er he' prete.rr !han in the term infant The dat.a aret rom G, 't;e 

e 
I 

a]; art ,sddithn 41 unpubhed resu,;ls :rim ,the. sm- ri.up 
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BREAST MILK, 0.3 mg/L 

FORMULA, 0.8 mg/L -\\ 
FORMULA, 6.8 mg/L 
FORMULA, 12.8 mg/L = '1010I , // , J I I 

0 10 50 0.2 0.4 
PERCENT mg/DAY 

FIGURE 3 

iRON AO'RI'TIO)N FROMI ikF.ASI 
,+ h",.i It~f 

MILK AND INFANT FORMUI.A The per(enagt, eo iron aborhd jrh.+ !,,tI .n+,:n+ ,,t ;rn .i''imilah,,n thal would hi' pre'dic.hid from a u.uil dails' intake, ii 750 
.1 ,!h ,a,t mil., ,r :,,rnula i . 'n -,n t. right Ca.iculation., ar ha d (in absorption da.i in rc'rrnts 2c,

.nd 27 The ur,r, ,,nh .n,, brua, milR ,r t,,r iula i, und'h.ed at the lar let in mg per lir 

vjh;I.', rangc hettuen about 0 5mi ler and 
0 m g liter fi prvs*,dd in terms (it 

kiloalh'ris r,,I human milk and cw %milk 
averaie.. than I mc: ,,t iron 1000 kCal in 
(,ntraust 
mixed 

!o 
J.,, 

t., U mu 1000 k(,al in the .lverage
d.v-lopul (otntries.: :he 

cncentratuin out rn j, de rua,.d turther 
when Cow s milk :s diluted with water hor 
young untant,, 

)espite the small amount (it iron in milk. 
d'terences, in !he percentaye ab irbed (an 
have an important impact because milk 
a(count. tiir most cr all (it the inlant s diet 
!Fu 3 An a'.erage oi 4o'- uit the iron in 
breast milk is absorbed. based on studie,, with 
an eC(enou% on-heme iron label -- this is an 
extraordinruv' h uxh figure (ompared tii the 
-valueo t t0 , 12"'- trom unurt fied ,-,+ ; milk 
or co,.v ; mul, tiurmula : Analogous results 
were obtan,-d ,her i.xugenowus isoope was 
added to breast mratL (,: cOWs milk fed to adult 
suherts -, These t ndnxs help to explain the 
obser'.'dhton tit prolonged breast feeding 
cointers par'ia! pri:#ccioin agairst the 
deveicprnent t ;rorn detuciencv " The basi, 
,,r :h#: eicellent bsorpn ,t ;ron tromrn breast 

milk is not kno,n The lower calcium and 
protein content cit nreast milk (ompared to 
cow s mil,. and the hi/h concentratiin (of the 
iron bino ng protein lactoterrin. have been 
pc ,tuiated to play a ru!e but cannot explain 
this phenomenon s'nrely.' There is some 
evidence that ingestion of breast milk, per it 

may condition the intestinal mucosa in a 
manner that facilitates iron absorption even 
when t is not admnister(d with the breast 
milk." This possibility warrants further study. 

Most tropt-fotifi'gI coo', milk Iouthula, 
contain between I I and 12 mg iron per liter as 
iron(Ill sulfate or iron(Ili gluconate; this 
represents about 15 to 20 times the iron in 

unfortified milk. The mean absorption of iron
from fortified formulas aboutis 4%.:' 
Although the percentage absorbed is less than 
half that of iron in unfortified formula, the 
absolute amount of iron retained is more than 
six times greater IFiy. 3i. Sirce the percentage 
of iron absorbed is inversely proportional to 
the amount administered. it is reasonable to 
anticipate that lower concentrations oi 
fortification iron would be almost as effective. 
Indeed, the amount of iron retained from 
formula containing b mg , added iron per liter 
is almost equivalent to that with 12 mg per 
liter' (Fig. 31. In evaluating these studies, it is 
import Int to bear in mind that the results were 
based on proprietary formulas containing 

ther added vitami.s nd m: erals. Actually. 
it is likely that the added ascorbic acid in 
proprietary formulas is a major factor in 
facilitating iron absorptior, (See Case Study). 

Transitional or weaning foods become 
important sources of iron when the diet 
becomes more diversified late in infancy. 
Pertinent studies of single grain products or 
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legumes that might serve as weaning foods 
have been done primarily in adults. For 
example, adults were found to absorb 7% of 
the iron in soy beans, which is a relatively high 
vz lue compared to other grains such as rice 
and maize, from which about I and 3.5% 
respectively were absorbed.,' The method of 
commercial processing and/or home 
pic.paration may strongly irfluence the 
amount of iron absorbed. For example, it was 
found that children absorbed far more iron 
from a baked soy bean preparation than from 
one that was boiled." Soy-based infant 
formulas have been extensively studied and are 
gen'-ally well-tolerated." However. raw soy 
flour c,-ntains a trypsin inhibitor and possibly 
other he.:-labile, physiologically active 
substances that presumably cause adverse 
intestinal reactions. 

In the United States. proprietary dry cereal for 
infants is fortitied with electrolytic iron of 
Small particle size at a level of 45 mg/100 g dry 
cereal. [his amount is about ten times greater 
than the iron present in whole grain products. 
Electrolytic iron is one type of elemental iron 
powder. Elemental iron powders are identified 
according to the process by which they are 
produced: other types include carbonyl iron, 
hydrogen-reduced iron and carbon monoxide- 
reduced iron. Factors :hat are associated with a 
high bioavailability of iron powders include 
small particle size. high solubility in 
hydrochloric acid, and a large reactive surface 
a;ea. 4 The electrolytic iron currently used in 
dry infant cereals has a relatively small particle 
size and a large reactive surface area that 
would favor a h~gh bioavailability. However, 
the absorption of electrolytic iron has not been 
studied in infants; the most pertinent studies in 
infants were performed with hydrogen-
reduced iron ,fsmall pa-ticle size and showed 
absorption of about 4% of this iron from a 
mixture of wheat. barley. and maize. 

Physiologic amounts,f aszorbic acid in adults 
can result in a 2 to 5-fold enhancement 9f 

absorption of the intrins:c iron and 
fortification iron in cereal products." " It has 
been suggested that aratio by weight of at ieast 
1.5 iron moascorbic acid be used in i. 'ant 
cereal and milk pro-ducts that are fortified with 
iron." Another option particularly for 
developing countries is to fortify purchasable 
food products., such as salt" or sugar" that are 

customarily added to cereals and other toods. 
Thus. iron absorption could be improved even 
with loads that would ordinarly not be ideal 
vehicles for fortification iron. However. ..alt 
and sugar shoald not be recommended in more 
generous amounts tian is cutomary. 
Excessive salt is ,uspected of predisposing to 
later hypertension and frLquent sugar use is 
associated with dental caries 

c. 	 Absorption from meals. Iron absorption in 
adults is strongly influenced by the interaction 
oif various foods consumed iinthe same meal 
and by the amount-, of non-heme and heme 
iron that they contain." " These interactions 
also appear to apply to the nLint s diet after 
solid foods have b,-ei introduced and brea..t 
milk or formula is no longer the exclusive 
source of nourishment. Evidence for such 
effects can be derived from estimales of the 
rate of increase in total body iron during the 
four-month period spanning the introduction 
o' solid foods." When total body iron was 
calculated from hemoglobin roncentratio:'. 
serum ferritin and body weight, it was found 
that the rate of iron accumulation changed at 
the age when unfortified solid foods 'primarily 
fruits and vegetables) were introduced (Fig. 4). 
However. whether the rate of iron 
accumulation increased or decresed depended 
on the typ': of milk feeding. In breast-fed 
infants who were calculated to have a higher 
baseline body iron. the estimated rate of iron 
accumulation decreased after introduction of 
solid foods. In contrast, infants fed a home
prepared cow's milk formula who had a lower 
calculated baseline body iron were estimated 
to have an increased rate of iron accumulation 
after initiation of solid foods. More studies are 
clearly needed, not o'."ly to confirm these 
results, but also to determine the overall 
influence on iron absorption of various types 
of fortilied and unfortified transitional infant 
foods. 

Iron ab-orption from composite meals has 
been studied primarily in adults, but the 
general conclusions should also apply to 
chiiren: absolute values for iron absorption 
ar? likely to be higher in children because A 
their normally lower iron stores. Meat and 
foods rich in ascorbic acid effect a substantial 
increase in iron absorption from a meal. 
whereas milk or tea will have the reverse 
effect. For example, the presence of meat. 
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poultry, or tish resulted in the absorption of 
about four times as much iron from a standard 
meal as when these were replaced by 
equiv,.'-nt portions of cheese, milk, or eggs." 
Other tudies have shown the importance of 
the type of beverage that accompanies the 
food. The use of orange juice. for example. 
more than doubled the aksorption of iron from 
the entire meal " Milk wa, round to decrease 
the absorption of firrou, iron in infants by 
about 75r compared to the iron given alon,." 
Tea had an effect of similar magnitude on irot, 
alone or iron in various foods " On the basi, 
of these diet,,ry interactions one would 
anticipate a high prevalence of iron defi"iency 
when the diet consists almost enirely of 
cereals or when there isa high :ntake of milk or 
tea. Conversely. diet riclh in meat and or 
asc,.rbic acid would be less likely to be 
,,ssociated with dietary iron Jeficiency. 

30c
 
z 

20-


0 

0~1 
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d. Absorption of iron tsed in food fortification." 
In addition to being well assimilated. 
fortifica ion iror, must also be stable during 
storage and sheuld not result in undesirable 
changes in the color or appearance of the food 
to which it is added. Iron (II) sulfate. for 
example, is well absorbed when freshly added 
to foods but is readily oxidied during storage. 
causing discoloration and aleration in flavors 
if the container is not airtight. It has therefore 
been most successfully used in fortification of 
foods in airtight containers, such as ca:ined 
infant formulas and certain infant cereals in 
jars. and in flour products, to which it can be 
added just prior to baking. 

The less reactive iron compounds such as iron 
(111,pyrophosphate, iron (111)orthophosphate, 
and metallic, reduced iron of large partic'e size 
came into use to fortify infant cereal and flour 
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products because they did not result in bioavailability of iron from various foods and 
undesirable changes it! the color or flavor of iron compounds, it can be appreciated that 
foods in packages that are permeable to air. strategies for preventing iron deficiency in 
However, these compounds have been found infants and children must be considered 
to be so poorly absorbed that they have primarily in terms of dietary composition and 
probably had tittle impact on iron nutrition, food habits and must be tested under pilot 
This realization has led to the testing of conditions before implementation in large 
compounds that meet the criteria of being both populations (seet Case Study). Because iron 
reasonably well assimilated (at least 50% as absorption varies so markedly according to the 
well as iron ill, sulfatei as well as allowing diet, recommended dietary allowances for iron 
storape ot foods tor prolonged periods, merely provide rough guidelines. It is possible 
Among the compounds that appear to fulfill on the one hand to develop iron deficiency 
these criteria is electrolytic iron powder of while ingesting large amounts of iron-rich 
small particle size (in which most of the iron by foods in which the iron is poorly absorbed, or 
weight is in particles <10 u m in diametert conversely, to escape deficiency despite 
which is used to forify infant cereal and ingesting far less than the recommended 
bread. Alternatively. a compound .uch as iron amount but in forms that are particularly well 
1lll, pyropl.osphatt. which is poorly absorbed absorbed. It is also important to consider any 

when used alone. may become eflective when dietary recommendations aimed at the 
combined with ascorbic acid. This improvement of iron nutrition from a broader 
combination hi% been successfully used to economic and nutritional perspective. For 
tortity salt without causing diwcoloration example, overemphasis of meat and avoidance 
during storage 1his topic is dscussed more of cereal in the diet might be effective in 
:ully under heading V preventing iron deficiency, but could be 

economically impractical or actually defeat 
e. CoicHhiinii From this briei review of the other nutritional objectives. 
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Changing Iron Needs During Development 

A. late'ral-Fetal Relationships Pregnancy is a 
period of increased need for dietary iron However. 
the consequences ot iron deficiency aftect the mother 
far more than the fetus In the fetus, the ratio of iron 
to body weight remains relatively ((nstant 
throughout pregnancy at an average level of 75 
mg k, 'Fig 51' The iron requirements of pregnancy
during :he latter h,1l of pregnancy are high. and iron 
deficiency anemia is common in the mother, par-
t:cularly during the latter halt ot pregnancy. 
However. with few ex(eptions :comparisons of iron-
deficient and iron-suficient mothers not only show 
that the hemoglobin concentrations (it their o~fare ndestmgushable at birth .tpringbut that they remain 

so during, the remainder of the first year of life.-
Similarly. estimates ot neonatal iron stores based (n
!he seium ferritin concentration show little' or no" 
difference between g~oups of infant,, whose mothers 
had iron deficie-y anemia and those who were non-
anemic The high priority of th- infant for available 
iron continues intci la(tation. The iron status of the 
mothe.- has little inluence on the concentration of,iron in breas mi should o t beThee findig n 

ironnreas mnlk findingsshould notb
-The ne 
construed a% rninirniing the imr-rtance of iron 
nutr:tjn n pregran! and lactating women, 
However it should be reahied that treating the 

eitr.he-r .vith iron isot more de-monstrable benefit to 
her than !o the tetus or t(, the nursing Intant 

SI};t u/ rv, infant)D,':',l.r,:,'::t The newborn 
is .e; sjppli-d w:,,':th iron. not only in terms of 
substantial (i-n(entratorns o-f storage iron. but also in 
,r-e. form of a high c ten.ra'on ot hemoglobin, 
f'loviever at birth the rei;.jble trans-placental 
delivery of iron is replaced by a smaller and les con-
sistent d'etary supply. Neverthel-.-s,,. within 'e first 
year of life the aver ,, tu-m inf..rt must almo ,t dou-
ble his body iron ... '.e triples his body weight. At 

birth, the term infant has a total body iron averaging 
about 75 mg/kg.i Iron stores contribute approx
imately 25% of this amount. After birth, there are 
profound charges in iron metabolism and in rate of 
erythropoiesis that can be conveniently divided into 
three stages (Fig. 6.) 

The fir:t stage. encompassing the first six to eight 
weeks of life, is marked by a decline in the concentra
tion of hemoglobin from the highest to the lowest 
levels observed (luring any period of development. 
This decline is attributable primarily to an abrupt
decrease in erythropoiesi., in response to increasedpostnatal delivery of oxygen to the tissues. The 
percentage of erythroid precursor cells in the bone 
marrow declines from a mean of about 30% a birth" 
to 10% between one week' and a month of age. 0,
Extra-medullary fiematopoiesis comes to a halt dur
ing the same pL.iod. In the peripheral blood, these 
changes are reflected in the disappearance of 
nucleated red blood cells and the precipitous fall in 
the reticulo(yte count." During this marked depres
sion of erythropoiesis, the concentration ofhemoglobin decreases at a rate that is determined 
primarily by the lifespan of red blood cells that were 
produced before birth. Because a relatively small 
proportion of the iron from senescent red cells is 
reutilied for erythropoiesis. the remaining iron tem
porartly augments iron stores." " The percentage 
of dietary iron absorbed during this period is lower 
than in later infancy, probably due to the inhibitory
effect of large iron stores on abseorption." 

During the s1,rond stag, the normal decline in. 
hemoglobin concentration isreversed. Erythropoiesis 
becomes more active, as indicated by an increase in 
the percentage of erythroid precursors in the bone 
marrow- and by an elevation of the reticulocyte 
countl to far above the normal adult level (Fig. 6).
The concentration of hemoglobin rises from its 
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IRON CONTENT AND BODY WEIGHT IN THE FETUS AND NEWBURN CHILD. Total body iron increasei 
in a linear fashion as body weight increasev. From Widdowon and Spray., 

Iowest me..an vajiue ot about ]! g dl and i%subse-
quen!:t majn,ain(e' an .ivera4(. aiL(- ot about 12.3 

ied I d. -rt tre rv.ma;nd,.r ot Ihe tjrs, sar o, life. " 

A !;::',J !av' i, (ha.acterjied by an inc.reaed 
dependerf. (,r diear. ir.'n A rapid , growth 
and ',e Iv-. :,n ct ntient o,' either breast or .,nsup-
p!.-mented o'. - rais prdJ-eCS predipoe t( the 
dep',e{Ion ('r !ron ',tort.., I! Iron stores are. exh- ted. 
then :h. -:vs in C( (nc-.)!rj~on oIi hemo-lnobin ihat 

star!t-d dur:n;i ,i #-(,nd statv-can be e:.h,r .urtalded 
or re-.-'re.d N ,t until the ..:r{d a. is additional 
dietar-..- iron i el. :1!h- ett.c ti.'. :n augn'nnti i.the 
co(ertrat,:('r ot hemoirnlobin 

In ;,,iaw o: ;"- :,. the total body iron at 
birth is h.s,, than in the iu!l-term infant: however, the 
ratio ot iron to body weight is the ame. lnftnts (of 
low birth weight have a more rapid rate (if potnatal 

growth and exhaust their iron store%at an earlier age. 

Consequently. the requirements for exogenous iron 

are greater than in the term infant" 1- ;0 and the 
third stage of iron nutrition begins earlier." As in 

the term infant. the postnatal tall in hemoglobin con
centrat:on to a low value between six week,, and two 
mon!hs of age occurs before iron ,tores have become 
depleted and is not influenced by iron supplementa
tion However. in the infant (if low birth weight, the 

nadir in concentration of hemoglobin is much lower 

than in the term infant (Fig. O and isfollowed by a 
risc in reticulocyte count th,;t is higher than in :erm 
infant,,. If the supply (if dietary iron is adequate, the 

concentration ( hemoglobin in preterm infants 
gradually catches up with that of term infants until 
mean values are equal by nine months of age.": 

The highest prevalence of iron deficiency anemia is 
likely to occur between about six months and two to 
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three years of age when iron stores are likeh. to enhance the absorption of iron from cereal. Culturalbecome depleted.' Subsequently. the demand" for patterns o!so 'requently favor giving the father andiron decreaes as the rate of growth slows, other -dults first access to these more expensive 
foods of animal origin. If unrefined cereal productsC. Childhoo,, Although more investigation has are used, their high fiber content may also restrict thebeen focussed on intancy, iron deficiency is also a absorption (if iron as well a%other Irace minerals. 

common problem throughout childhood. During the such as zinc.
pre-,hc.ol period, between one and five years of age.the composition ot tlhe diet is often unfavorable for In developed countries, the availability ,, dietaryiron absorption This ispartiularly true for develop. iron is often restricted by an excessive use oit milking (ountrie,. in which cereals are usually the mator among pre-school children. Mil, not only displacesConstituent (of the (tit Eco omic tacors ot ten limit other more iron-rich foods from the diet. but is richthe intake of meat. poultry. or .ih. tood, that would in calcium and phosphorus which form insoluble 

1 15, TEI 

It~~~100 

0 PRETERM 

~~ ~ TERM~ . 

0 %.f.-d a - . - I I 

0 2 4 6 
AGE, MONTHS 

FIGURE 6 

THREE POSTNATAI STAGES OF IRON BALANCE AND ERYTHROPOIESIS Mean values for concentration of hemoglob n and reticulocyte count are 'hown 

stage, isshown fi r term infants I 

for term infant, and preterm infants. The duration f the

rnmrediately after birth. the rate of erythropoieis ireticulocyte count) andconcentration (if hemoglobin dcecrease in response to increased availability -f oxygen. Storage iron i%augmented I A' about 2 rm'nths of a*t !he (cocentration of herr. globin has fallen in its lowest point and the
rate (if erythropi:rmi is increa ed 
 Sturag. iron gradually decreaes Ill Iron stores hecome depleted by about 3
months of age in preterm ,nfants and 4months in term infants unless replen0,,-ed by an adequate exogenous supply of iron During this stage anemia is likely to rspond to iron administration IData for newborns from Oski
and Naiman ' and other henigluoi. '.-ahie. are from l.undstrim et al .
 I and Saarinen and Siimes: " reticulocytevalue- are frnm unpublis .d data on the same infants, described in the preceeding two studies). 
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complexes with iron. require a net increase of about 300 mg of iron merely 
to maintain a constant concentration of hemoglobin 

In tropical a.id semi-troruical parts of the world where in an expanding blood volume. However, the con
children are 'ften ba,fioot, hookworm infestation is centration of hemoglobin also increases between 0.5 
a common problem. Intestinal blood loss can then and 1.0 g/dl/year at this age.' " An increase in 
become a major fictor contributing to iron defi- hemoglobin concentration of 0.5 g/dl in a represen
ciency." " Pinworm infestation may also result in tative 55 kg adolescent boy requires more than 50 mg 
substantial blood loss" and is also common in iron. Consequently, the average adolescent boy re
temperate climates In order to prevent iron defi- quires a net increase of about 350 mg of iron during 
ciency in hookworm area% more dietary iron is his year of peak growth. This peak rate of growth. 
generally required than el,,ewhere, and presumably the concurrent peak increase in con

centration of hemoglobin, are far sharper than is ap-
D Adolescepice Accelera,: n of growth. particu- parent from growth and hemogi,,bin percentile 
Irly during the years of _exua, . aturatien, imposes curves: this is because there are individual variations 
increased requirements of iron primarily for the pro- in age of peak growth which become obscured when 
duction of hemoglobin. For example. during the peak average values for each age are calculated." 
year of their adolescent growth spurt, boys gain an 
average of 10 kg IFig. 7). ' This can be calculated to In adolescent girls, iron needs are also large, but they 

kg/yr
 
14-


WEIGHT GAIN12-

10 

8 
GIRLS/ 

6 I 

4 \ 

2 _-\ 

S I I iI I I I 

2 4 6 8 10 12 14 16 18 
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FIGURE 7-AGE, YEARS 

TYPICAL INDIVIDUAL WEIGHT-GAIN CURVES FOR INF %NCYAND CHILDHOOD. Note the adolescent 
peak wveight gain of 10 kg/year for boys and 9 kX/yr for girls (drawn from Tanner et al') 
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do not peak as sharply as in boys because the max- menses uually follows the peak of adolescent
imum yearly weight gain is somewhat less than in growth. The median menstrual loss of about 30 ml 
boys and bcause the co.icentration of hemoglobin in per menstrual period of 15-year-old girls involves a
r;irls increases only slightly during this period. The net loss of about 175 mg iron/year." However, there 
greatest -'verage weight gain ot 9 kg/yr in girls re- are great variations among individuals, and those
quires about 280 mg of iron for the maintenance of a with the largc.st losses are at highest risk of iron 
constant concentration of hemoglobin. The onset of deficiency. 
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IV. 
Iron Requirements 

Recommendations for dietary iron in infancy and deficiency anemia under v3rious dietary conditions. 
childhood have been partly derived from estimates of The bioavailability of iron will differ according to the
the increase in total body iron with age, with the nature of the diet, and it is helpful to take this into 
assumption that the average iron absorption is 10 account in setting dietary standards. In 1972, the
percent.' Because of the questior.able nature of the World Health Organization's recommendations for
latter assumph~on, it is advisable to validate such iron' were varied according to the amount of animal
estimates by the pragmatic test of determining the derived food in the diet (Table 11)on the basis of the 
amount of dietary iron necessary to prevent iron finding that meat enhances absorption of iron from 

TABLE 11 
RECOMMENDED DAILY INTAKES OF !RON (mg/d)" 

USRDA (1974) FAO/WHO (1970) 

Percent Calories 
From Animal Foods Absorbed 

Age <10% - 25% Iron 

Infants 
'ears 

0.5-3 
Iron. mg/day 

15 10 
Iron. rng/day 

5 1.0 

Children + 4-10 10 10 5 1.0 
d 11-18 IR 18 9 1.8 
9 11-18 18 24 12 2.4 

Men 19 10 9 5 0.9 

Women 19-50 18 28 14 2.8 

Women 51 10 9 5 0.9 

Recommended daily intake%are etamarte of 'upper limits- of requirements in normal individua!s: they do 
not take into account any additional requirements imposd by unusual environxnental sIres. by disease or 
by parasitic infection 

Age :ange for 'hildren are those of the USRDA: ranpes in the FAO WHO recommendations differ slightly 
as follows 4-12 3-16 yr 
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the diet as a whole. In the light of more recent studies 
it may be more appropriate to vary iron recommen-
dations specifically in relation to meat intake, since 
animal-derived dairy products and eggs do not 
enhance iron absorption. This consideration is 
especially pertinent to iron recommendations for in-
fants because their diet rarely contains much meat 
but often consi;ts primarily of dairy products. 

The iron requirements of the infant and child, despite 
their much smallor body iize, are almost as high or 
higher than those of the adult. This relationship is 
evident in the WHO recommendatons as well as the 
U.S. Recommended Dietary Allowances.' 

The recommendation of the Committee on Nutrition 
of 	 the Americat. Academy of Pediatrics provides 
more detailed guidelines for iron nutrition in infants.' 
The suggested intake for term infants is I mg iron/kg 
body weight/day to a maximum of 15 mg. starting 
no later than four months of age and continuing until 
three years of age. The recommendation for low 
birth weight infants is 2 mg/kg/day to amaximum of 
15 	 mg starting no later than two months of age. 
These recommendations need not be interpreted too 
rigidly, since dietary composition has such a great in
fluence on iron absorption. Furthermore, the 
amounts are generous enough to encompass most in
dividual variations, as is generally true of nutritional 
requirement guidelines. 
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V.
 
Methods of Preventing Iron Deficiency
 

A. Goals and ust~fication It is generally agreed that 
an optimal iron intake is one that allows the 
unrestricted production of hemoglobin. This can be 
accomplished with ordinary dietary constituents 
under mot conditions and with only modest iron 
fortification of foods under other cir( iimstances. The 
establihment of iron reerves is also a desirable goal. 
but it sb.ould he recogniied that the relatively large 
iron storet-, ot 'he well-nourished adult male are .iot a 
phy, logic or desirable reference tandard for in-
fan:,,. children and women 

I may be. diih(ul: !,o lutily public health programs 
fr.cused (in the- prevention (-t iron deficiency when 
they compete with other programs Jesigned to pre-
vent .more ubvmusly handicapping or life-
threatening diorders For this reason it may be more 
practical !o incorporate the goal ot preventing iron 
deficienc-,' into a nutritional pro ,,ram of broader 
scope. For evample. the distrih tmn ot special wean-
ing roods may he primarily intended to combat 
protein-calorie malnutrition However su(h prod-
uct can also %erve as convenient vehicle,, for iron 
fortifca-;on at virtually no addit:onia cost. Alter-
natively. pre--entiorn ot irn dehtiency may be an 
unantic ipated by-product of pr-,ranis that are not 
direr!y aimed at nutri:om as%such For example. im-
pr,,ved envirnm-nria! sanitation may improve iron 
ahsorption by decre.aing :he- prevalerce (it infection 
and inf!ammmtorv disa,4. or blorea5,at may blood 
loss thruwgh e-hm:nair, ot in.v".tjn.al parasites 

In justifying the prevention of iron deficiency on its 
own merits it is impo-tant to emphasize that it is a 
prevalent d;sorder, that it can be inexpensively 
avoided :n many settings, and that prevention in-
volves broader benefits in terms of improved general 
nutntion and health. The evidence for deleterious ef-

fects of iron deficiency have been reviewed 
recently.' Among the consequences of iron defi
ciency. decreased exercise tolerance and decreased 
capacity to do work are handicaps demonstrable 
even with mild anemia.' Retardation of growth with 
recovery following treatment with iron has also been 
described.' In addition, evidence of systemic conse
quences that are independent of anemia is being 
recognized in man and in the experimental animal. 
These include compromised cellular immunity, an ef
fect on muscle function that is independent of 
anemia, and possibly, impaired intellectual 
function.' 

B C-,,:.ral Approaches. Methods fo. preventing iron 
deficiency within the scope of unfortified food prod
ucts include: 1) the encouragement of prolonged 
breast feeding: 2) avoidance of excessive fresh cow's 
milk; 3) inclusion of facilitators of i:on absorption 
(meat. fish, or poultry or ascorbic acid-rich foods) 
when solid foods are fed; and 4) avoidance of ex
cessive weight gain. 

Since compliance with these recommendations may 
be restricted by social and economic fa'.iors, :nd 
because some infants and children may have in
creased iron needs, it may be necessary to use iron
fortified foods for the prevention of iron deficiency 
in some circumstances. How some of these ap
proaches can be combined under various conditions 
will be outlined in subsequent paragraphs. 

C. Role of Milk Fe-,,t,1 I . Breat mill. In term in
fants. prolonged bre.stfeding offers, ubstantial pro. 
tectuon againlt the development of iron deficiency 
anemia. Term infants who were breast fed for at least 
six month,, retained ,ubstantial iron slores at that 
age. based 'in their serum ferritin values. fHowever. 
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during the rema;nder of the first year of lif,. 	 g/dl), but signifian in- concentration fell slightly (0.5 
creasing percentage of infants depleted their iron cantly, below that of infants receiving iron fortified 
stores as indicated by serum ferritin values below 10 formula.* Only eight infants in t)-above study were 
jug/liter (Fig. 8). In addition their mean hemoglobin given breast milk as their exclusive source of milk for 

20 PROPRIETARY 
COW'S MILK FORMULA 
IRON-FORTIFIED 

10 

z 
U.20 -	 BREAST MILK z 

I0 10-

LU
 

I.n 	 HOME PREPARED 
COW'S MILK FORMULA20 

10 

4 6 9 12 

AGE IN 	MONTHS 
FIGURE 8--AGE IN MONTHS 

DEPLETION OF IRON STORES DRINC, INFANC rhe vertical axis %how%the percent.1ge (ifterm intant. 
wii. ,<rumferrimin values be!iw IOjx liter rhe p.r(rn',ig (it infant% with l(. erum ferritin values increase 
durinK the latter part rithe flrst year it H. :ninfan., ted untritird trnula and o a ]ess.r degree in infants' ted 
human milk iSaar-nen and Sii.mne.s o78," 
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nine or more months: their hemog;lobin .aod other 
parameters of iron nutrition did not differ oignih-
cantly from those titthe other breast fed infants who 
were weaned earl-cr. Thcre i, little information 
regarding the iro. ,tatus of infants who art exclu-
sively breast fed tor 'onerperiods. Four infants who 
were fed no tood other than breast milk were 
reported t'have normal hemoglobin values when ex-
amined between 9 and 12 months of age - These data 
indicate 'hat breas! milk ,donecontains an adequate 
supply of iron tor term infants for at least the first six 
months. but tlha: additional sources of ion are pro-
babl. desirable subs.quently 

In ptet'rtl :,:tit; breast milk alone does not pro-
vide an adequate suppl% of iron Fig. Qt. In infants 
fed breast milk. additionai Iron in the form ot drops 
should be supplied. starting no later than two 
months of age and mairtained at ieast until one year 
of agc. After tour to six months ot age. iron-fortified 
weaning foods may pro)vide an alternative. 

Worldwide trends in breastfeeding have been 

discussed in a recent review.' In many developing 

countries. infants are being weaned at an earlier age 

to facilitate the mothers return to work or to con-

form to the mistaken view that early weaning is con-

sisten: with ideal practires of modern infant feeding.

The reversal of these trends would improve both iron 
nutrition and general nutrinion of the infant. In addi-
tion. longer breastfeeding should decrease the 
prevalence of enteric infections in areas .vhere c:,-
vironmental sanitation makes it difficult to prepare 

and preserve infant foods in an uncontaminated 

state. 


2 Co:j- ; Milk Formula Proprietary infant formulas 
are modified in composition to resemble breast milk. 
contain added vitzmirs and minerals and are 
available either fortified or unfortified with iron. For-
mulas arte available in powdered or liquid form. Iron 
Ill, sulfate. gluconate or saccharate are commonly 
used in a concentratior that supplies about 12 mg of 
elemental iron per liter When iron-iortified formula 
,ccounts ior 'he maor source of caloric intake, it has 
the advantage oidelivering a relatively constant and 
predictable amoun: (firon 

Iron fortified formula is effective in preventing iron 
deficiency arc-mia in the first year of life both in 
term" ' :0and preterm infants.:: 1,Based on recent ex-
penence (see Case Study), it appears that the ascor-
bic acid added to proprietary formulas plays arole in 
their effectiveness. ," 

Although proprietary infant formulas are excellent 
vehicles for iron fortification, they should be recom
mended only with certain qualifications. Where 
familiis cannot afford the high cost of proprietary 
formulas and where lack of refrigeration and running 
water favor bacterial contamination, improper 
storage and excessive dilution of formulas can lead to 
diarrhea and undernutritian. For this reason. ag
gressi'-e marketing techniques that might decrease 
btz-st feeding should be discouraged. In the 
developed world, a disadvantage of formula is the 
ease with which excessive calories can be provided to 
the infant. This can lead to obesity and discourage 
the gradual diversification of the diet that is desirable 
after six months to one year of age. Consequently. it 
is 'considered best to limit the volume of infant for
mula to about one quart or liter per day in order to 
encourage the introduction of iron-rich foods into 
the diet and to set the pattern for a more varied diet 
during the second year of life." 
There is no demonstrable advantage in providing 
iron fortification or supplementation during the first 
four months of life for term infants and during the 
first two months for preterm infants. During these 
periods asmaller percentage of iron islikely to be ab
sorbed by the body than at a later age." 

A consideration peculiar to the premature infant is an 
iterijctii bi'ce, u't,,i E deficie'c- ,i,iro, 
uldministratiion, that can result in hemolytic anemia 

during the first two months of life.'" I Premature in
fants, particularly those with a birth weight less than 
150 0 g. absorb very little of the vitamin E that is pre
sent in breast milk or formula or that is administered 
in the form of alpha tocophero! acetate. Vitamin Eis
effective as an antioxidant that protects the lipids of
the red cell membrar. against oxidative destruction. 
The major clinical manifestation of vitamin I defi
ciencyisa mildhemolytic anemi. Iron functions asa 
co-factor in lipid peroxidaton andlaggravates 
hemolysis in vitamin E deficiency. The risk of 
hemolysis also depends on the saturation of dietary 
fatty acids. When the diet is relatively rich in polyun
saturated fatty acids as in many infant formulas, the 
composition of the lipids in the red cell membrane 
undergoes a corresponding change, and the cell 
becomes more subiect to oxidative damage and 
hemolysis. The interaction between these three fac
tors-vitamin E deficiency. iron administration, and 
a diet rich in polyunsaturated fatty acids-became 
evident -when small premature infants were ied cer
tain iron supplemented proprietary formulas." Due 
to the recognition of this problem, vitamin E defi
riency has become less common due to the manipula
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CONCE.N-TRATION OF HEMICLIOBIN. TRANSFERRIN SAITURATION. AND SERUM FERRITIN IN LOW 
BIRTH V,.'EIGHT I.NFANI'S All infari,. were given ban ked breast! milk during their hospitl.l ay. They were 

randomly aigned it) yrojup, receiving no iron supplementatin(m--O--) or 2 mg kg per day starting at two 
weelts of age I- Means, - SEM are indicated The number of unsupplemented infants at each age who 
were ,tarte(! or. ir,r suppiementatii ;, ,.hown within circles The firt delectable difference in the unsup
piemer.'ed group was a 'o er mean '%rtim territin ((in(entratiin at two month%iif age Anemia and decreased 
tranternrn turrJon were nor slgi (ant until three months )itage il.undstr(;m et al. 19771 " 
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tion of one or more of the three pertinent variables: excessive amounts of fresh or pasteurized cow's milk 
l) iron administration may be delaved: 21 a may be associated with occult intestinal blood loss 
bioavailable form ot vitamin F can be administered;*" during infancy' " and tontrbute significantly to the 
or. 3) breast milk or a formula that is czmparably development of iron deficiency." Blood ooss is usu
rich in saturated laty ac(id can be ted to small. ally reverwd by substituting heat-processed cow's 
premature infants milk tormula torsoy-ba,.d tormula (Fig. Q)tor tresh 

cOW %milk tmula 'or fooy-based 10 Iortrmula 'Fig.3 Fr,,si)r :,, Cat,' M'i- The use (it un-ow .hlk tresh ( w s milk whelher or not iron is admin
modified tre,,h or pa teurized cow %milk during th( isiered - ::-I This uggests an intestinal sensitivity to 
lirs,
six months (t lite should be avoided hr '.rral a protein .,mponent t milk ,ti.h as lactalbumin. 
r.lsns 'The compoisiton (itCoiw s milk diters which can be moditlit-i by heai processing Some 
drajstcallv trom human part( :n pro,- data suggeti Ihamik ulirlv subclinical blood l -s al this type is 
Viifing .tc, amountles,.ive it prtetin and minerals common":' and that oi iv the most severe ca.es 
C(,%w s milk app.ars t,,d.crease. aibsrption (itiron ('me tioclini(al ,ittentio.n lowe.ver it is ditticult to 
trim tither tod, • In addition the (cinumption ,I exc Iude the posibilitv that signiticant hkod los 
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repreents a re'.tively rare idiosyncratic reaction, 

After six me',.fs of age. unmodified treh or 
pasteuri,red ow %milk isan excellhnt food. provided 
that excesive ,olumes are avoided The (onump-

lion tt 0 73 Iter ,lav e-ilihva;tni th at spplied bv 

,reast m;l. in the- ,vr.,- int.int is a reasonrable 

volume-A, :r thrt.a--t ,, %,, mil tormul, larger 

,:MOWN t ii, ,ur.c:,. the- J e .hlm'rnn: et i dvriteed 

di' Evn r, .th:ii +thr- is ividehnee to i n i-. i. 

,!,cn bi-itsen irein etetec r-N%- wd j high entiki cI 

dair. r ,,d:.e 

4 :. - r,.,i .\e,:Ik eie:,i '.,:v r.,d L ihoei .Mielk 

Thes ire rela.ivel, mitn.snsve and easily tored 

pr,,de:, -, i. can he ;',ed i prepare an intant tor- 

mua I,,.,r tev (intain no added iron 

Ici sehrefdsit in' rnil is es, ltxpensive than powdered 

.h.,ie .rill but has !tvh d%.dvdant vir it a lo% (alorit 
n, r,: al ,Upp;v essntial fattt idsa., .c mar it 

V. th lt is .J.sirable to add iron to the.* '-.." pre,,tu( ; 

,i,!'! .rr i:t,ihir uci-.;r( eeit. tour m(nths tor term 

.ntan!- .ni' at:t-r !%%.-mr,n,.s tir pre!rm intants 

i' r,_: .. ,,; . ,, * • Fios that are specially 

ter the. :ntant ard hat bridge the pe-riod between ex-

io.,vi. nreast,' r h,,!et :tdin,: and sharng o: the 

tamely m (a ar, . -f.rme.Jtran,,tonl tfeols we.an-
;n i4 ,r bet, et rh%, I,, isd are mot readdy 
,rrJu. d :nt tn tant ,t% det wtter ab u! fo r 

mlvrth w- e-reihgical deve-!eipntnct -0,r 1Ci 

he ,. ( -mc sc!ap-,.d ,) ( h,-,.ng as an ,ih'r 

ative ' i 1,;n., and .;- s,.,(,n .teciny It.(u l.-me 
merer,- .. iii..ari-p-~!,cc.,, r !,) six months. m(it 

:,t!,ants ta. ,-'..---ei- , t n! had (ontrel io in-

di.ecce t:t t!t' . irt h:mngr; ir tha thuv ne 
i,,."g-r ".',esh to aut-r: tieed,( t',t:., terh:, tmi- the.re- is. 

ar ie-.-n-. i ,,rt! r . !edt.i,,,, .-..h n ,,,h t ,d ,r., 

, .'-, -r..rlee-r m"'ea! "r cit t,:ensit :inal teeee Isi ai,,, 

d:'',;%.e- .",;ed u4, ,t the- lek he iced ttit this 

po-:t:,pi~, t.~, l-, e-i.tei, t i bv-,jt,, me-n and 

.l, .i$.'. ,he :-.n. n..,nm,-nta. snitatm i=,nis. peeer it 

-... 6e- tie-st -I,, ,. ':-,-,;, .,,t ra.-sit;lena: ,dsS-

e ae! - .W cit 

-c .... -... ...- -. , .e- -c - , 'r.r,-: ,.-n. 

:...:, :.* _I7. .;,et ., , ' : d A I i,-

r,., : e............. 


, Ire..t.: .'-,7 . - r-- ' .':,-.i - *. r "d; r v F:, 

n-t., :- . , '- .. , .-. ,, :ei : ;r. :,r,'.,- te,.,lln.: 

nc.*. r. ':.r : !.e .. - -. . . -.. ... . .,,em ;r-

:e-.. : .!;. -, .. - .. t. : r:. r : r,' ,,n aI 

lice l r.. i-, cr,,.,., ;: " . r'-;, ,-. -i -' e: i., ,t.-a-. r 

ra'.- #--pur-t-: rr:.:! .r -.i-tct.e, in r , i , . 

trit-, sp '(ai;-. pre-parc' ra.n! - rvals i-e .. c.v 

fortified with sufficient iron to meet almost half of 
the estimated dietary iron needs in one serving. In
deed. the teasihility of preventing iron deficiency by 
relying on iron-lortilied intant cereal as the ma..r 
source of iron during the tirt y-ear of life has been 

demonstrated (Fig. III In %omecouhtries tortifica

lion is at a mt;nh lower levl.,similar to that used o 

torti, other g:rain products: often it is the policy to 

add iron and other nutrients only it the level 

originallv r-.(nt in whole grain In other areas,. no 

cereal prodeit!s are eron-tortified 

It iron forih . dry inlant creal is%Used Is one if the 

first tran i:tional toctl. thi, will take advantage it 

lh. impr,,,.ed iron aiorption that tharacteriles the 

per.rid lter tour to, six month, ot age w;hcn iron 

.!,,rcse om diminised :" 'ht- principal advan

tt. drY infant ce r.l as a vehicl. tor iron during 

IF prc-s hool period are its low (ost and titof 

shIItore.- Fhlt advntages also aply to the Irani

!winal food, availahle trom international ant' certain 

bilateral agencies. v g Inited States Agen(y for In

tirn.cticn.dl )tvlopmenl produ .ts su(h as W heat 

S- .v flend (iorn Soy Nilk. and Instant Corn Soy 

MIilk whih (contain added t-rroLu, tutn'rale to a 

Nevel. ti 18 t, 21 mg 100 g dry product. " The for

!tifietion of ((r al produ ; , ,,ith both iron ind 

ito.,rhixt. enhan(es the aborption oft the iron Set

:,.r.gs in,whi(h (erea.l produ art mist -uitabl the.ts .,as 

m.ior vehi(c or fortificaton tren are thest- in wimch 

sert.tig sue, f prutmces art, relativelyand Firmtn 

einit,,rm ,or where the fhed a(cunts for a large 

pt-r(-ntag . 1 the. (alr( intake Large varhatlion, in 
1,nsjmnpth in o! ( 'realI prdic ts%make itI difficult to 

suplV I rlativelv pre.di( table amount tf iron in the 

diet 

Excessive weight gain during the first year of life may 

o.cur in f rmula-fed or cow s milk fed infants. 

presumahly because mothers are apt to encourage 

the infants to finish their feedings. Another factor 

that may lead to excessive milk ingestion is the lack 

cit topportunity to drink water to quench thirst. 

Ileaver infant. at a year of age seem to he at greater 
risk ef iren defi(iency, p,sibly because of a concom

mitant in'rease in red cell mass '; For these reasons. 

it is currently recommended in Sweden and Finland 

that infants after silx mcrths of ave be given one meal 

a day in which milk is nt include:]. This meal will in

elude"tne or more seeld to.id and water as a beverage 

in order tee allew the infant t -atisly his thirst 
withecut he-ing riqure.d Io ingest e(essve caloiries at 

the .am (- time as is !' - case ,.ith m ilk A meal of this 

type appears to be eceec ive in avoiding, unnecessary 

weight gain 
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E. School Lunch Programs. School lunch programs This may be accomplished by combining smallerare established in many parts of the world and pro- amounts of food that ar, enhancers of iron absorpvide an opporunity for supplying additional iron to tion. with iron-rich foods such as whole grain cerealthe diet. A realistic goal is to supply about one-half products. legumes. and foods made with ironof tile estimated daily iron requirement in that m'eal. fortified flour. The increased expense of these 
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HEMOGLOBIN g/dI 

FIGURE II-HEMOGLOBIN gidl 

IRON-FORTIFIED INFANT CEREAl. IN THE PREVENTION OF IRON DEFICIENCY ANEMIA The distribution of hemoglobin concentration is shown at I year ofage in infant%wi.o received difflrent leve!s of iron intakestarting at 3 5months of agr Group A w-as iven a more than ad'quate iron intake including a supplement of i5mg ot elemental iron day as Fe, ' ,ulfat and two feedings per day of FelIli sitifate-fortified cereal providing anadditi nal 20 mx day C;rups Band C received tn,- -amt infant cerea!. fortified with Fedt.lisccharate at a level
t(,provide iron intake ut 0 1i. ;c; mi day in group B and 5 to( 10 mg day n group C. Group D received an uncontrolled ron in.ake that included no highly iirtiti.d cereals I he results .howed that a total iron intake of 10to to mR day in group B supplied primarily in the torm if iron- rtif.it-ci (ere.., . " cquate to prevent i on defi
ciency anemia 1draw ir.": t0o3. 
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enhancers, such -s meat and ascorbic aci -rich foods ticularly to the target population. 
(fruit or fruit juire) can be justified in terms of their 
overall nutritional benefits. A reasonable prerequisite for fortification iron is that 

its anticipated absorption under normal conditions of 
F. Non-Targeted Food Fortification Children and storage and use be at least 50% of the absorption of 
women are the intended beneficiaries of iron-fortified an equivalent .amount of ferrous sulfate without 

foods that are available to the entire p ,pulation. The storage. The lack of standards for the use of iron in 

considerations involved in implementing successful food fortification fosters the continued use of forms 
fortification programs have been reviewed recently., of iron fortification that are unlikely to be effective. 
Iron-fortified lour. cereal products, sugar, and salt "he use of compounds that are poorly absor ,d or 
have be-n used or studied The most most suitable that are oxidized to poorly absorbed forms under ihe 

vehicle tor iron is a food that is consumed by a large usual conditions of storage is likely to lead to disap
segme-t of the population in amounts that will con- pointing result, in food fortification programs and 
sistently deliver the desired amount of iron, par- should be discouraged. 
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VI.
 
Laboratory Diagnosis of Iron Deficiency"
 

A. Special Considerations in Infants and Children 
The laboratory diagnosis of iron deficiency in infants 
and children requires special attention to the use of 
age-specific reference standards There are marked 
developmental changes in normal values for 
remoglobin. hematocrit. mean corpuscular volume 
.MC',i. mean corpucular hemoglobin ,MCHi. and 

:ransferrin saturation. Thew. must be taken into con-
sideration when interpreting results and are discussed 
below in relation to the individual laboratory tests. 

The nature ot the population from which laboratory 
reference standards art- derived will profoundly in-
fluence estimates of tie prevalence of iron deficiency 
and the accuracY it diagnosis in individual subjects, 
e-,pecially in infants and children. Until recently,

normal values were compiled trom a superficially 

healthy populatio, but one that was not 
systemaically screered to exclude individuals with 
mild der;ciec;iies ot ,.co or folate or with conditions 
such as thalassemia rnior In the case of 
hemoglobin or exarnple. this type of sampling can 
lead to a non-Gaussian distribution skewed toward 
low values ' since indwviduals, with marginal deft-
ciencie, are not excluded. This help,, to explain why. 
un:. recently, a hemoglobin concentration of 10 
grams, deciliter g dl or g 100 mli was the accepted 
lower liit of normal in children. If individuals mak-
ing up the lower portion o a trequiency distribution 
curve respond to iron treatment by an increase in 
conrentratirn of mrnoglobin as shown in some 
studits .' then the original values are not a 
legit:ma'e basis tor e-tablushing a normal range. 

A sounder method for establishing normative data is 
the selection of a reference population that excludes 
individuals with other laboratory evidence of iron 
deficiency and'or other common marginal condi-

tions. Without this type of exclusion the "lower limit 
of normal" hemoglobin concentration among a 
group of clinically healthy infants in one study' 
might have been estimated to be about 8 g/dl. 
However, after excluding all subjects with low or 
borderline values for transferrin saturation, the 
estimated lower limit of normal approximated 11 
g,dl. The reference standards described in this sec
tion were in almost all cases derived by using a 
similar approach. 

Particular attention to blood sampling is also re
quired in infants and children, especially since ir
properly collected capillary samples can be a major 
source of error. Fingerstick blood can readily be ob
tained from infants by health workers after a little 
training. The key points in obtaining a good sample 
are that the extremity be warm in order to facilitate a 
free flow of blood, and that any squeezing of the 
finger be avoided in order to minimize contamination 
of blood with tissue fluid. Samples of venous blood 
can be obtained in larger volume and with no more 
pain than capillary samples. How-ver, asecond per
son is needed to immobilize the extremity of infants 
and young children for purposes of venipuncture. 
Health workers with limited experience will also have 
more difficulty in entering a vein, particularly in 
children between six months and two years of age 
when the vein is likely to be obscured by sub
cutaneous fat. 

B. Selection of Laboratory Tests. The diagnosis of 
iron deficiency must of course begin with an accepted 
definition. One practical definition is to consider iron 
deficiency present when the iron supply is inadequate 
for the normal synthesis of essential iron 
compounds., Since hemoglobin is the most readily 
measured essential iron compound, an increase in 
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hemoglobin concentration in response to iron ad-
ministration can be regarded as presumptive 
evidence of prior iron deficiency (provided that 
recovery from anemia of infection can be excluded). 

Although itseems conceptually acceptable to base 
the definition of iron deficiency on the concentration 
of hemoglobin, there are practical difficulties in 
determining whether any given individual does or 
does not have a hemoglobin below Izis normal level. 
This is so because normal and abnormal values in a 
population overlap to a considerable degree Using 
the customary values to separate normality from iron 
deficiency. many potentially iron-respnnsive in-
dividuals may go undetected while many of those 
identified as anemic may not prove to be iron-
deficient - Thus large errors are introduced when 
hemoglobin is used as the onl, laboratory test. Tis 

overlapping ot hemoglobin values is an obstacle to 
detecting those individuals whose hemoglobin is no 
more than 2 g (lbelow their potential level, there is 
less chance that values will overlap into the normal 
ran,,- when anemia is more severe 

Fortunate!v. (other tests (an he (ombined with the 
analysis ot henmylobin to improve dis(rimination 
bt ween normal and iron detc ient individuals. 
The-.. tests include the mean (orpuscular volume, the 
transfierrin aturation the red cell protoporphyrin.
and !he serum territin Each (of these meauremt-nts 
behaves someshat ditferently and :s subject to dif-
terent errors Co-equently. the -ost suitable com-
bination ot tests will vary in diferent situations, 
depending tor eiample. in the prevalence of iron 
deficiency. whether co-existing infection or lead 
pois)nig is comm n. or wheth - thalassemia minor 
'a genetic trait, i;previalent in the group being 
evaluated 

One tic tiir atllec'n ,hi vli-v(titon ,t tests is the 

,lme"it h'. sa,,Jmple and the manner in which
' 


it s%,i:.taind ith th . :hi-epi,n o: translerrin 
.at-.'n:(.i(t ', :fi-:tt can he pert,,rrmed (on0 2 
ml .t Y- ,d ,,r!-%s in am,;nt :hat is v.aiv ,btimned 
h- r1t:1 T.nh il' ri. itan it t triern,(-rm iriin and 
:,a] irr -ind;:n cap, :t. trim l'-ho h transterrin 
Saturati, :- ai( rteqit:rt-, a .grt-,our.m,,unts ulid it 

blo,,d !hi,. :% ,h:.onvd hv methid, (other

than '.-
nr,Ln(,'uro-


'i.,,
"Ih- 4-lvc, ',n ,,t .,s %sI.: id-p.nd (on the equip-
men- -A.,he.whether anal'..- ari.cne li(ally or 
in a central l,br.tor-., and !he evel it training of 
the laburatuir, ethnic;,n Anther important con-
sideration in selecting laboratory tests, is the time re-

quired to obtain the results ot the analysis. It is 
desirable to use procedures that allow the dlettin 
of an abnormality and initiation ot treatment during 
a single visit. 

1. Hemoglobin,. The concentration of hemoglobin is 
most reliably measured after accurate dilution of the 
blood s.%mple in a solution that converts hemoglobin 
to cyanmethemoglobin, which is then quantified 
spectrophotometrically. A simpler but less0 

reproducible method involves a visual color com
parison. 

The normal postnatal changes in hemoglobin con
centration were discussed above. Figure 12 and Table 
Ill show reference values for hemoglobin concentra
tion aftr x., monhls ff ,=z.° laboratory !:'sting for 
iron deficiency is rarely done prior to this age. The 
reference values are based on venous blood from a 
white, non-indigent popidation living at sea level, ex
cluding individuals who have other laboratory 
evidence of iron deficiency or thalassemia minor. 
There is a gradual rise in values throughout 
childhood, and at puberty there is a further increase 
in concentration of hemoglobin in adolescent boys. 
An approximate correction for altitude based on data 
from adults'" can be obtained by increasing the 
values by 41% per 1.000 meters ekvation. 

An unresolved quetion relate, itothe application of
 
the reference standards shown on Figure 12 and
 
rFable Ill to blaks. Evidence to date indtates that
 
blaks normally have a hemoglobin (on(entration
 
that isaibut 0 5g dl below that ot white, at all ages.
 
except perhaps in the perinatal period" This dif
terenc-
 (]tes not appear it be due to iron deficiency.

thalassemia minor, 
or differen.es in so.io-economic
 
status. ' If further studies confirm that this differen(e
 
esxists and is independent olhealth fact,rs. it may be
 
necesary t,adlust the reference standards shown on
 
Figure 12 and Table Ill downward by about 0.5 g d.
 
n blacks. Failure to do so might rvsult in falsely iden

tityin, about 10'e (f the normal black population as 
anemic . 

Further study is required to determine the extent to 
which the hemoglobin -oncentration might differ in 
capillary and venous samples. In the first week of 
life, capillary values are 0hstantially higher than 
venous concentritions," presumably due to 
pericapillary flow of plasma and a consequent in
crease in the concentration of red cells. There is some 
evidence that venous hemoglobin values are higher 
than capillary concentrations in infants at about a 
year of age.- but this finding requires further 
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disease and thaliissemia minor also commonly cause 
Iron deficiency is by ar the most common cause of anemia, and also because of unresolved issues in the 
anemia. However, in planning public health pro- application of reference standards, as for example in 
grams for the prevention of iron deficiency, it is im- blacks. In addition, because of the large overlap of 
portant to base estimates of prevalence on the com- values between normal and iron-deficient popula
bination of other laboratory tests with the assessment tions, a hemoglobin value within the "normal" range 
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1 TABLE III 

Hemoglobin and Mean Corpuscular Volume (MCV) at Various Ages. Means and lower limits of the 95% range 
are tabulated (based on Dallman and Siimes. 19791.' 

Hemoglobin (g,dlb MCV (fl) 

Age 
(yr.) Median 

0.5-2 12.5 
2- 4 12.5 
4- 8 13.0 
8-11 13.5 

1l-14 
Female 13.5 
Male 14.0 

14-18
 
Female 14.0 

Male 15.0 


18-49
 
Female 14.0 

Male 16.0 


does not assure the absence of iron deficiency. 

2. Hematocrit The hematocrit is meisured after cen-

trifugation of a minute amount ot blood that has 

been collected in a heparinized capillary tube.'-' The 

hematocrit is then calculated by comparing the 

height of the column of packed red cels with the 

height of 'he entire column of red cells and plasma. 

Ar. advantage of this method is its technical simpli-

city. particularly when applied to capillary blood
 
samples A disadvantage lies in the uncertainty about 

whethr, the hematocit is as sensitive an indicator of 

:rin deficiency as tl,e hemorgo bn concentration." 

When mean value, in largie groups of subjects are 

compared. -he hematocrit is generally equivalent to 

the hemogiobin multiplied by threc. For example, 

this relat:onhtip exvts between a hemoglobin of I I 

g dl and a hematorit of 33',. the lower limits of 

normal for infants shnown on Table Ill. 


The determination of the hematocrit has been as-
sumed to be a convenient and reliable alternative to 
the analysis of hemoglobin concentration, however, 
recent evidence suggests that this assumption re-
quires reexamination." When hemoglobin and 
hematocrit were determined in children between one 

Lower Lower 
limit Median limit 

11.0 77 70
 
11.0 79 73
 
11.5 81 75
 
12.0 83 76
 

12.0 85 78
 
12.5 84 77
 

12.0 87 79
 
13.0 86 78
 

12.0 90 80
 
14.0 90 80
 

and two years of age. almost three times as many 
subjects had low hemoglobin values as would have 
been predicted on the basis of the number of low 
hematocrit values. However, because of the conve
nience and widespread use of the hematocrit method. 
it will bc important to obtain confirmation of these 
findings before concluding that the hematocrit is less 
useful than the hemoglobin concentration in screen
ing for anemia. 

3. Mean Corpuscular Volume (MCV). Electronic 
counters measure red cell volume directly and .,ave 
made the MCV an accurate and practical laboratory 
test. Formerly, the determination of the MCV was a 
time-consuming and poorly reproducible procedure 
since it was derived from the ratio of the hematocrit 
to the red cell count obtained by microscope. The 
direct determination of red cell volume is highly 
reproducible and actually less subject to sampling er
ror than the hemoglobin determination; dilution by 
*issue fluid or fluctuations in plasma volume do not 
affect red cell size. Although the initial purchase of 
an electronic counter involves a large expenditure, it 
allows many sampies to be processed by one techni
cian. The ability to determine hemoglobin concentra
tion and red cell volume with the same instrument is 
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in additional adv.ntage. thalassemia minor is rare. However. where 
thalassemia minor is common, e.g. in blacks, 

Reference values for MCV are shown on Figure 13 Mediterranean populations, and in Southeast Asia. it 
md Table Ill.' Red cells are normally larger at birth must be taken into consideration. Other conditions 
han in the adult but red cell size decreases during the rarely result in the combination of a low hemoglobin 
irst six months of life. Red cell size is smallest during and a low .MCV. 
he remainder of infancy and gradually increases dur
ng childhood. Mean values in girls are slightly Other red cell indices can also be obtained by elec
iigher than in boys after seven years of age but no tronic counter, but they are not directly measured 
,ex differences are reported in adults. like the NICV. The mean corpuscular hemoglobin or 

MCH. which undergoes similar changes in iron defi
\ low MCV with anemia is most commonly ciency as the MCV. is derived by dividing 
,ssociated with iron deficiency but is also( hemoglobin concentration by red cell count. The 
haracteristic ol thala,smia minor. This is not an mean corpuscular hemoglobin concentration 
mportant consideration among populations where (MCHC) i the least directly measured and least 

MCV, PERCENTILES 
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iseful of the indices obtained by electronic counter. 
kcause the ,MCHC can be calculated by dividing 
temoglobin by hematocrit. it is the oinlv red cell in-
lex that is readily ,btained with(_ut electronic 
ounters However. it is the cast st.nitive ot the n-
Iices ;n :ht diagnoi-, ,,tiron dtic:cnocv 

ks iron det~cienc v d-vo.h-lop, the dec reasv in %I( V ap-
ears to occur at abou, the sam' !ime ,;s anemia 
tar:% to devl(hp and may actu.lly represent .1greater 
riative deviatin trtm normal.- It the rtsults ot 
.,,thhemiiglohin and det.rninati,ns(I.V irv 
vadablh. thev can be used to dec.rease erroir clue ti, 
verap ,:-irm.,l ind .,hnorrnal values, when only 

ne test :sum-d F,,rvxnph. the I:khho(,d titin ab-
,rmaii'.v is gre.it ith',h -flut, !Icicltiw tht :Oth 

enretilhi .iius. .is:uld rari. ',"cir by."cihance. 
ni '~rmii ind,,icJ~i.ii 

i,, 1...;'.'.Pr,',''''r:j: F', W1hen in-
.d:" en: ron is.v.i:.iiic!., mh:nt. %,!ih protipr-(,oc 

h'.r:n t,,;(irm ht-m . i're is ,in,(('.:nu ;,tin ii 

r,,,p ,rphvnn n h ridoi cll rh. FP i.in be 
'(isured rapdlv a,' ,;.-mp1e tlu,,rsc erc( assay " 
niN (anir.he ,,nc".:thc.r hv cmp!ivini: a thu,,riinietr 

an intrur.'.t i ci.i.n.l tn directlydspec:,ilv ir 
t':erm:r.n. :red Iil prw,, p ,rphvrn by the 
uir.s tt ( t ;m i J Th Ttuer re-,in t l 
uires i.;t!:. ,r- line Thet' rcan ir :ra:nini FP is 

S't 1l :n ,,!;:5 . n dct ic incn(v trom€. ,i;u,,i,.sr,, 

"al.,s,,m:c mr:n,,r it :,,iiv.,cd in :ron dut:( :encv 
ut. i rmal : iil.ism, .:mninir : lM.st-ver, 

w.'.,:t-dpri,,prph'.rin values are o)btained not 
ncv C. :ron hut .nctiienc v il,,, intl.mmatory 

isaS and .;tF expi,.ire ti,lead here alsi appear 
be normal hang'es in FF1 values. 

ligh FF' are.s at m ith(."-ai c prescrnt me ty age 
ithout ne~nn: cndic.itivi- ii iriin ecv Jo~rin 
i:rtta'e Fh '.', ait thisai,- Durn g:the rmainder 
i tr', FF ire epirt ,t he sirdewnat 

St.',imn' n th n.ic'nut drin this,,py er ~
-ve-opmen: :! , n-)! been conrlusivily deter-
tr.d .,6,hehrr detic t-no..a rep.ansbler t,t ir(,n y 
)rh,' (cltterenc, •p s: 

Iiof the tests discussed so far (hemoglobin. 
erratocrit. MCV. MCH. and FEPi can be performed 
ipidly Under ideal circumstances, if the laooratory 
ialysis can be done shortly after blood sampling, it 
possible to make adiagnosis of iron deficiency and 

.itiate treatment in a singJe visit. These laboratory 
sts also have the advantage of being interpretable 
ien after recent ingestion of medicinal iron and of 
.flecting the degree of repopulation of the blood by 
-rrnal red blood cells during the course of treat-
ent 

5. Transferrin Saturation. The transferrin saturation 
is calculated by dividing the concentration of serum 
iron by the total iron-binding capacity and iiui:oly

ing by 100 to express the result as percent. Almos. all 
of the iron in the serum is bound to the iron-binding 
protein, transferrin. Serum ir'in' and iron-binding 
capacity" are most commonly measured by spec
trophotometric techniques. The assay when done 
manually i difficult, time-consuming, and subject to 
error due to contaminating iron in the environment. 
Aut.amated techniques provide more reproducible 
resuhs and permit the analysis of a large number of 
samp!es.:' However, the initial investment in equip
ment is hi;,h. 

D)urin,; the neonatal period. the transferrin satura
tion '. higher than at any other abc', :'I iowever. after 
.ibmt tiir months of age. it decreases to v,'alies that 
arT lower than in the a.uJt: this is true even after 

large therapeutic dtos of iron have been ad
ministered. ; In adult,. a iransferrin saturation of 
lo, is (omnin ly(onsidered the lower limit of nor
mal. A corresponding valie in children between 6 
months if age and adcilecen e is 7 or 10o 1' :' 
Seven to 10% in (hildren can he considered an in
termediate zone with overlapping of deficient and 
normal individuals.:' The measurement of transfer

rin saturation is widely used as a confirmatory test in 
the diagnosis tf iron deficiency. For survey purposes, 
it is essential that the assay lieused in combination 
with other tests and that nirmally lower values in in
tan, and childien be taken into account in the inter

pretation 
There are large biological variations, in serum iron 
that result in many false positivw and negative 
diagnoses when transferrin saturation is used as the 
onil test of iron deficiency. After about three years 
onytt dececy abu yarof age, there is a diurnal variation in serum iron,' 
usually with high values in the morning and low 
values at night. In a group of healthy adults, the 
magnitude of this fluctuation was reported to fall 
from an average high of 47% in the morning to 13% 

at night. 

The transferrin saturation may decrease in inflam
matory disease, as well as in iron deficiency. In some 
cases, the total iron binding capacity (TIBC) may b. 
helpful in distinguishing the two conditions.i A high 
TIBC suggests iron deficiency, whereas a low value is 
characteristic of inflammatory disease. 

6. Serum Ferritin. The measurement of serum ferritin 
allows the estimation of iron stores by non-invasive 
means. Ferritin is normally present in the serum, but 
in such small quantities that it remained undetected 
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itil recently. Serum ferritin is measured by radioim-
unoassay.1' 11This is most easily performed as a 
ie-day assay, employing a kit. However, it still re-
ires the availability of a gamma counter and a 

ghly trained technician. For these reasons, the test 
relatively expensive. The advantage of the serum 
rritin assay is that it allows evaluation of iron 
atus within the normal range, as welt as in condi-
)ns of iron deficiency and excess.'* " information 
at is invaluab!e in nutrition surveys and that can-
)t be provided by other means. 

langes in the concentration of serum ferritin 
cording to age parallel known changes in iron 
-res.'" The curves shown on Figure 14 are in-

40 
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dicative of average iron reserves at various stages of 
development: abundant reserves in most newborns, 
adult men, and elderly of both sexes, and lower 
reserves in children and women during the childbear
ing years., " " ," At all ages, a serum ferritin value 
below 10 or 12 ug/liter indicates depletion of iron 
reserves. A low concentration of serum ferritin is 
characteristic only of iron deficiency. However, 
when inflammatory disease and iron deficiency coex
ist, serum ferritin values may be within the normal 
range." i 

One area of uncertainty is the reliability of the serum 
ferritin in diagnosing iron deficiency in infancy. 
Although a low serum ferritin is present in iron defi

20 30 40 50 60 70 80So 

YEARS 
ACE 

FIGURE 14 

DEVELOPMIENTAL CHANGES IN CONCENTRATION OF SERUM FERRITIN. Mean values (geometric 
means, in healthy populations are shown At all ages, a serum ferritin concentration below 10 or 12 jug per liter 
is considered indicative of depleted iron stores tSaarinen and Siimes. 1978.' Siimes ef al. 1974" Finch et al, 
1q77." Cook. .r el 1976'* 
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ciency °'1" a normal serum ferritin does not exclude 
this possibility. In a group of 225 healthy infants who 
had serial laboratory studies during the first year of 
life. six of them had developed evidence of iron defi-
ciency by hemoglobin ( 11 g dl). MCV (-70 fI). 

1
and transferrin saturation values ( lO . All of 
these intants had scrum territin,, that were in the nor-
mal range, even though subsequent iron treatment 
resulted in an increased hemoglobin concentration, 
This phenomenon has not been apparent in older 
children or adult,. Ano her caution in the u'se;ot 
s,,rum territin applies to the talselv h:gh values that 
may be obtained durin; the tirsi ti-w weeks ifiron 
treatment, 

7. Th'ripeutic Trial Perhaps the most reliable 
criterion (of:ron deti( ency anemia is the hemoglobin 
response tii an adequate therapeutic trial of iron. A 
therapeutic trial aliows the recognition of individuals 
whose hemoglobin value-,. although within the 
eterenrwe rangu. are low tor !hte individuals rF? 

therapeutic trial is a cla,%ic mrthod tor determinini' 
the pr)vs -roriron deni ewncy ;n populations. ,,d 
.an he particu~ar!y infiirmativ we n both p~ac'bo 
and iron treatment groups are employtd - However. 
ethical (inssrd.raiins are ',ming ut a con-beco more 
straint or, sing plau-,r0 group., Informed consent is 
ci s-idered appr,,pr:at. tor suc h studies in many 
countries. but t ,v pro(edure ma, negate the value it 
the placebo) group ,.ciliny atention ii a readily 
(orre(t:bie torm (,tm,,lnutrit:n In addition it may 
be ditt;cult o us!-Yt elitr .. ithhulding treatment 
tr,m sub;ects 'e.h, are almost (ertain to be detic ient 
or conversey-. ,rea::ng thise who are almost (ertain 
loit !o requ:re ;t 

C P,)uuit:,,; . ,':,',4 Surveys to determine 
prevalence t iron dethcien(y require careful atten-
,ion !o !he s.hec!;on rt an ippropriate study popula-
tion Ie dt''lopment oi a well-defined experimental 
desigr . and appropriate statistical ana:ysIs." In the 
planr ing ot laboratciry analyses centralized 
labor atory faciiite-s offer the advantages of tuniform 

standards and performance of an assay by the same 
technician. In these situations, hemoglobin and MCV 
constitute an excellent combination because ex
tremely large numbers of samples can be handled 
with an instrument that is used for both of these 
assays. The serum ferritin, as a third test, offers 
special advantages in surveys, not only for confirm
iog the presence of iron deficiency anemia, but ."or 
estimating the iron reserves of the remaining popula
tion. Alternatives to serum ferritin as a third test are 
the transferrin saturation and the FEP. The best com
binations of tests remain to be determined and 
verified by therapeutic trial. It is likely that different 
solutions will be found to suit different local re
quirements. 

D. Tie Choice of Ages for Detectio, of Iron Defi
cieicv. Most cases of iron deficiency are mild and do 
not result in symptoms that are recognized as requir
ing medical attention. Iron deficiency is therefore 
most commonly detected through the routine 
laEoratory assessment of populations that are at par
ticular risk. The usual goal is to identify subjects with 
anemia who are likely to have a hemoglobin response 
with administration o.' irn and/or an improved diet. 
Among irfants and children, laboratory detection of 
anemia is commonly recommended at about one 
year of age in term infants and six to nine months of 
age in preterm infants, ages at which the prevalence 
of iron deficiency becomes high in many popula
tions." Other suitable ages for the laboratory detec
ticn of anemia are between two and three years, at 
about five years in the pre-school child, and in 
adolescence. The most appropriate times will depend 
on the prevalence ot iron deficiency at various stages 

of development, which will differ according to the 
population. The decision (ifwhen to recommend 
laboratory detection of anemia is ideally based on 
previous experience with children in the same clinical 
setting. The value of the procedure in terms of cost 
,ersus benefit can only be evaluated by determining 
the number of subjects that must be seen in order to 
detect each individual with iron-responsive anemia. 
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VII.
 
TREATMENT
 

Oral .idminitr-tion cit terrous sultate , the treAt-

meet t chi'i(r . Jmc.t all(j-'.c t itn dethciencv 

Th,.. , r. ,,tnpiiund remain, the ..tndird jgaint 
vihch -he- ittic(v it a multteiJt cit ,,ther cm 
p,,und.. :%me .iurtsc and :t .w. se.ll tolerated .as 

rompirie'it- d,,... it ,,thi. th:.ir'uticallv ettective 
,
prrpjrai,-,n% '),,me h,K-rele.,- prep-,,,ii,n may 

Ihi-.,r.",iI j% K.e!l a. ,,rdinArv terrrcu% cultate but 
their n;ghtr : ,sti..iuldhe ucititeed ,nlv en %citing% 
,here, g.itrii nte-.til %,de ette't., .re eommon Iron 

cilt, .nii i ,,rhi(c-id h0c.r be n c(mbined in '.omr 
priopi :.. prcp.ertji:ins ^ ith tret.purpc. ,it.nhanc. 

,nx iron ah,,-rptn li,,,..ver .ecoi rhc acid is 
rel t.i-. ,r'erttrticvC in ,timuiateng the ab-Acrpteon eet 
redi( ind; i.,in r contrast ti,the m.arkr , effect that 
i! ha. in rnnanc,ng the absrptin (it iron in fiods 

' . T he dii. . ,t iral iren j%bc•,J (in the am,'unt 
that .Jll hr idequa'r tor the mci raped pessible in. 

crv.a. in rinccntratiin it hrmixl,,bin Studies in 
adult% w.h,, v rr phlh-bt,mied i,,a %table 
hemighluCln c, 10 g dl shotse,1 tha. in optimal 
hemrirheorin r-sp,ins, (,ould be obtined vith 100 mg 
ot elemental jr,,n;n the turm (itterrous sulfate di-
sided inti '-,, di,-" ,ne at bre-kt•st and one. at 
dinner 'Adminstratehn it :r,,nhe,.-tsen mens. ] will 
increase trie percintabce eh.,,rht-d A c,,mp rableh 

d,.p h,,u.' I rz , pe.r ciii. i .%I,rr,,mmcnd.d 
as dequate i,.rrne.,nt% and (-ildrrn * A d(,u it o 

mxc kX da'. tas be-en c.idvl. u-.e'd intjnt.in and 
children )u! ;% pr,,hahl-. unntces.saril-, high 

Althrux' "he- repons n le'rr.ul,h,n ..hmlh be ver-

tuall'. ,,mple-- steer tA,, mi-.th. :he-rapy shiuld 
ideally he- mointjir *d tir a longer piricd !it allo. 

accumulatiin tit. ,axe :rcn This (an he ic(irmp, 
lhed by continuing treatme.n.* tor a total cit about 
five month. If intestinal inctlerance to ,rin ..alt 
occurs a reduction in do,' (itadmini..trhtien with 

meal%, should reult in improved tolerance. 

etffct, do not appear 
and children, btit this his not K'er as extensively 
studied as in the adult It 'erns relitively rare that 
medication in children s,stopped because (f con

%tipation. diarrhea. nausea, and epigotric pain or 
heartburn which are common %.ideeftfct,. in the 
adult This impre-ssion could be attributable to the 
fact that infant , and young children are les. able to 
recognize and explain ,ymptoms than adult. 

5,,h1' to be common in infants* 

An alternative appro.ch to the treatment of mild 
iron deficiencv ant'mis r.petially in infants. is the 
u~e of ion-fortificd loud Although thi i% ao ac
(epted method of preventing iron deficiency. there is 
,i'o ample evidence ot therapeutic effe-ctivenesst.,e 


t .,,mt tirtiferd food,. For example anemia in 
prrterm infants (an he rapidly reversed with the use 

cit rn-fhrtfied formula despite the unusually large 
bselinc iron requirement%imposed by a rap d rate of 
gro.vth 'Fig 151 In (centrast to medicinal iren. this 
torm tftre;tmrnt ha the advantage tit posing no 
t,,xichazard due to uverdo . or accede'ntaJ ingetion 
b, siblings Furthermuore. no, significnt gastro. 
int-stinal side tc ts ppr-.vr t,result from tortefica
t. iren added to intant tIrmul" 

Therapeutic iron is b-t ahorbed during the first 

mecnth .,4tretment and 1c-.% well sub,.quently. For 
example adults y.ive'n 100 mg iron a-, ferroeus sulate 
twice a day with meal. absorbed in average of 14% 
during the firstweek (if therapy compared to 7% 
after three week,, and 2S. after four month%of treat

ment 'Thus -he first month woulud ippear to be the 
mot impuortant en determining the' cucci.s ol treat
ment it is alsee likely to be the best per, in terms of 
ceimplianc,
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Medications for young children tire generally given in hospital over a three year period. 0 The risk of acute
liquid form. Iron in liquid form is apt to cause sore iron poisoning can be decreased by avoiding prepara
staining of the teeth. This is not per.anent ind can tions that look or taste like candy, by not dispensing
be removed by brushing. Staining can be minimized excessively large amounts at one time. by using con
by administering the medication (in the back of the tainers that young children cannot readily open, and 
tongue. by warning parents to keep the medication in a safe 

place
A major concern in children relates to the Posibili!y
of a,;., .,i :' , , Serious iron toxi(.itv is a com- Risk of If'ction. Recent reports have suggested the 
mo n ( on ,,.uenc. of acidental drug ingestion. possibility that oral" or intramuscular''" iron 
especiallv be:teen the jges t one and tive years if theripy can reactivate pre-existing infections such as 
medic ation is not kept out (t reach All iron prepara, malaria. brucellosis. and tuberculosis in populations
ion. houd he lib .lld Caution' Keep out ot reach where theM' inftections are common. It has been 
t (hiIdren A high previlen(e oft :his form (t hixi- postlulated that iron deliciencv suppresses certain in

( ;%(Vident trorn a report de%cribing oo (hildren tections by depriving invading microorganisms of the
with . ue iro. poisoning %%howere .1dmitted tol one iron needed tor growth The implications of this 
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hypothesis for infants and children are the subject of 
two recent reviews." " At present, the benefits of 
preventing or treating iron deficiency by fortification 
of fcods or by oral administration ot iron seem to 
outweigh the risks under most conditions. However, 
the possible risk of reactivating latent infections in 
susceptible population- should be further evaluated, 

R,'s ,iit, The laboratory abnormalities (of 

hemoglobin. FEI'.:' andl red (elI volume are most 

rapidly corrt( ted within the tirt month ot(treatment. 
and the response is generally complete alter two to 

three months One or more (ot:hese tes (an be 

repexatd at ter either interval to determine whether (or 
not there has bern a response to iron therapy. In 
cass (its.vere ancma the re(culo.ye resplnse (,an 
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0' 60
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best be detected after one to three weeks. This 
response may be delayed where there is a concurrent 
infection or infiammator, osease. Iron absorption is 
decreased in febrile .hildron who have minimal or no 
stainable marrow iron (Fig 16).' ' Poor iron absorp
tion is also common in intants with severe protein
calorie malnutrition" prior to nutritional rehabilita
tion. It is also reported in otherwise well nourished 
iron deficient children" but this appears to be rare. 

The reticulocyte count is a relatively laborious and 
t.me-conuming labotatory procedure, and is 
therefore not an appropriate test in many clinical set
ting.. In addition, when anemia is mild. as it is in the 
vast majority of cases, the reticulocyte response is 

FEVER RECOVERED 

FIGURE 16 
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usually of insufficient magnitude to be reliably 
detected. 

The use of intramuscular iron (generally in the form 
of iron dextrani is rarely warranted, except perhaps 
when administration ot oral iron medication cannot 
he relied upon or when the po,,sibility otfollow-up is 
uncertain. Intramuscular inlection, may be painful 
and skin d scoloration is common if special care is 
not taken to avoid back-low into sub(utaninous 
tissue(. The therapeutic rsponse is not significantly 
more rapid than tith oral medication. Ther is also 
concern that par-nteral iron may predispose io intez 
tion The basis lor this €oncern has betri derived 
primarily from m studies some'itr,, but clinical 
studies are also uggeilt,.'v Severe anaphvlactc r.ac-
:ions rarel, oc(dur with intramus,(ular or intrivenous 
injections. Thereon-. parenteral medication should 
on]y be use-d when thcre is a giood ri-a,n to 
substitute i tor ora! med:cation. as tor votample after 
there has bcen an apparent lack (it r'spont- to oral 
therapy in a patient who his strong laboratory 
evden(e of iron litic -n(y.Itmalabsorption oftiron 
is susptcted. a (Omparison betw.een the (on(enlra-
tion ot tasting scruin irons bi-tore and 2 hours, after a 
dose ot I Mg elemental iron as ferrous sulfale is 
helpful - Hovever. it should be kept in mind that 
malabsorption tfiron is relativelv rare. but failure to 

administer medication is common. 

The use of intramuscular iron (generally in the form 
of iron dextran) is rarely warranted, except perhaps 
when administration of oral iron medication cannot 
be relied upon or when the possibility of follow-up is 
uncertain. Intramuscular injections may be painful 
and skin discoloration is common if special care is 
not 	 taken to avoid hack-flow into subcutaneous 
tissues. The therapeutic response is not significantly 
more rapid than with oral medication. There is also 
concern that parenteral iron may predispose to infec
tion." : The basis for this concern has been derived 
primarily from it vitro studies but some clinical 
studies are also suggestive. Severe anaphylactic reac
tions rarely occur with intramuscular or intravenous 
injections. Therefore. parenteral medication should 
only be used when there is a good reason to 
substitute it for oral medication, as for example after 
ther! t , :,en an apparent lack of response to oral 
therapy in a patient who has strong laboratory 
evidence (if iron deficiency. If malabsorption of iron 
is suspected, a comparison between the concentra
tion of fasting serum irons before and 2 hours after a 
dose of I mg elemental iron as ferrous sulfate is 
helpful." However, it should be kept in mind that 
malabsorption of iron is relatively rare, but failure to 
administer medication is common. 
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VIII.
 
THE PLANNING OF AN INTERVENTION
 

PROGRAM: A CASE STUDY*
 
Prevalence of iron deficiency in Chile is very high. 
particularly in infancy. Several surveys conducted 
mainly aniong an urban lower class and lower-
middle class socio-economic group have shown the 
presence ot anemia in 20 to 40% of infants between 
the ages of 6 and 24 months. Many factors contrib-ite 
to this high prevalence of iron deficiency: breast 
feeding is of short duration, there are essentially no 
iron-fortified products available for infants, in-
troduction of solid foods in the diet is late. and 
medicinal iron is seldom prescribed for prevention of 
iron deficiency. 

During the first year of life. Chilean infants are fed 
mainly powdered milk. distributed by the National 
Health Service INHSi through a national program of 
food supplementation. This ;s a large program that 
serves about 80% of the total infant population. 
Each infant (or his nursing mother) now receives 3 
kg month of full-fat (26%. unfortified, powdered 
milk between birth and 6 months and then 2 
kg month until 2 years of age. 

Efforts to utilize the national program of milk 
distribution as a means of preve:iting iron deficiency 
in infants began several years ago. The simplest way 
of doing this appeared to be the addition of a soluble 
iron salt to the product. Consequently. the low-fat 
(12%) milk powder being distributed at the time was 
experimentally fortified on apilot basis with 15 mg of 
elemental iron as ferrous sulfate per 100 grams of 
milk powder. Isotopic studies conducted in healthy 
but primarily iron deficient infants revealed that 3 to 
4% 'geometric mean, of the fortification iron was 
absorbed. 

'Supported in part by grants from the Research 
Corporation and the United Nations University. 

A field trial with this product began in 1972 in three 
NHS clinics. Healthy teirm infants who had been 
weaned before 3 months of age received either the 
fortified or the unfortified, control milk until 15 
months of age. A nurse visited each infant's home 
every two weeks in order to monitor and encourage 
the consumption of the product and to perform a 
dietary survey. Stool samples of the infants were 
periodical!y analyzed for iron as a means of deter
mining actual ingestion of the fortified milk. A total 
of 603 infants entered the field trial. 382 could be 
studied at 9 months of age and 314 at 15 months. 
Even though the study involved infants of low socio
economic status, incidence of protein-calorie 
malnutrition wa: low and was therefore not likely to 
have been a complicating factor in the study. 

At 9 and 15 months of age, there were significant dif
ferences in hemoglobin concentration between the 
two groups. Anemia (hemoglobin below 11 g/dl) was 
pre.ent in 27.7% of the control infants at 9 months 
and in 34.6% at 15 months of age. Corresponding 
figures in the fortified group were 20.7% and 12.7% 
at 9 and 15 months respectively. Differences between 
the groups in respect to transferrin saturation and 
free erythrocyte protoporphyrin were small. 

Infants who consistently had more than 15 mg 
iron.'100 g stool were selected as representing a 
subgroup of subjects in whom the consumption of 
fortified m:.lk was most likely to have been as 
directed. Milk distributed to families through the na
tional program is sometimes sold or shared with 
other members of the family. Mean values for 
hemoglobin concentration and percent saturation of 
transferrin were higher in infants who were shown to 
have consumed the fortified milk than in the fortified 
group as a whole, but anemia still existed in 14.8% of 
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the group receiving iron-fortified milk at 9 months 
and at 15 months of age. The 0.3 to 0.4 mg of for-
tification iron that these infants would be predicted 
to absorb per day proved to be inadequate for the 
prevention of anemia in all cases. The transferrin 
saturation and free e.-ythrocyte protoporphyrin 
values supported the conclusion that persistence of 
iron deficiency was common despite consumption of 
the iron-fortified milk. 

In response to these disappointing results, we con-
sidered the use of ascorbic acid as a means of improv-
ing the bioavailability of fortification iron in milk. 
Preliminary double isotope studies showed an in-
crease in iron absorption by e factor of 1.8 and 2.8 
when ascorbic acid was added in a ratio of 100 mg 
and 200 mg. respectively, per 15 mg of iron. As a 
result, a new fortified formula was developed con-
taining 15 mg of iron as ferrous sulfate and 100 mg 
ascorbic acid per 100 g of milk powder. The product 
was also slightly acidified in order to modify the taste 
suficiently to discourage its consumption by other 
members of the family and still have it acceptable to 
infants. Iron tbsorpt:non from the new formula varied 
between ageometric mean of 10.7 and 12.0%. higher 
by a factor of 2.1 to 2.7 than absorption from the for-
tifted milk without ascorbic acid ITable IV). 

A pilot study with this formula was started in 1976 i 
three communities at the periphery of Santiago. T" 
experimental design was ,imilar to the first trial. Tw 
hunJrcd ind eighty intants entered the study in tf 
fortified group and 278 in a control group receivir 
the regular unfortified milk. Acceptance of t" 
acidified milk was very good with about 93% of ii 
fants still taking it at 15 months oif agc. ['reliminar 
analysis of laboratory data showed significant di 
ferences between the two groups in hemoglobir 
serum iron. TIBC. transferrin saturation. FEP an 
serum ferrilin at 9 and 15 months of age. Anemia w 
present in 7.5% of infants receiving the fortified mil 
at 0 months of age. but in only 1.6% at 15 month-
Corresponding figures in the control group wet 
34.71-, and 27.8%. At 15 months, only 6.4% of it 
fants in the fortified group had a transferrin saturi 
tion below 9% veisus 35.2% in the control groul 
Free erythrocyte protoporphyrin valus over IC 
u g dl were present in 22.4% and 4.6",, of the cast 
respectively (Figure 17). 

It is clear that improved bioavailability of the iron i 
the formula with ascorbic acid was confirmed in ou 
field trial. Iron deficiency was shown to be the majc 
cause of anemia in the study population, and th 
anemia could be essentially erradicated by the use c 

TABLE IV 

ABSORPTION OF FORTIFICATION IRON FROM AN ACIDIFIED MILK FORMULA WITH ASCORBIC 
ACID 

Batch Study n Hemoglobin Transferrin Iron Absorption (I%)" 
Date Date Ig dh Saturation Low-Fat Acid Milk B/A 

t%) Milk + vit.C 

(A) (B) 

7 75 7 75 9 11.8 9.1 5.5 12.0 2.2 
'10.8-12 8j (5.2-13.2) 10.8-9.0) 4.7-27.0) (1.2-6.0) 

9 75 7 76 17 11.2 0.2 4.0 10.7 2.7 
i8.4-13.3) (2.1-14.7) (0.2-27.6) (3.1-51.5) (1.0-10.1) 

7 76 7 76 13 11.4 12.1 4.9 11.3 2.1 
(9.5-12.8) (2.4-28.6) (1.8-25.4) (1.9-31.1) (0.4-7.7) 

"G'e",?.e: i R'. dl 

- N.an value, and range in parenilhe. 
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FIGURE 17 

Cumulative plots of individual values of hemoglobin. transferrin saturation, and free erythrocyte protopor
phyrin (FEP) at 15 months of age in infants receiving unfortified milk (-) or acidified milk fortified with iron and 
ascorbic acid (-). The height of the columns indicates the percentage of infants with hemoglobin <11 g/d
(top). transfenir. saturation -9% (middle), and FEP - 100ug/ 100 ml RBC (bottom) in each of the two groups. 
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milk fortified with iron and ascorbic acid. However, 
a question still to be answered concerns the long-
term acceptance of the fortified, acidified milk under 
the normal operational conditions of the national 
supplementation program when the close supervision 
of the pilot studies is no ;onger a factor. This is now 
being studied in a section of the city of Santiago with 
about 400.000 inhabitants, 

Various methods of manufacturing and packaging 
the formula are aljo unde, investigation in order to 
make it possible for the suppliers of the national milk 
program to aeopt uniform, new specifications. Even
tually, the nationwide distribution of iron and ascor
bic acid fortified mi!k will depend on a governmental 
decision regarding the additional expense compared 
to the presently t!-,d milk. 
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Ix.
 
RESEARCH NEEDS
 

Although much has been learned about the iron plicable to improving the bioai ilability of iron in 
nutrition of infants and children within the last few other foods.
 
decades, there are many problems that still deserve
 
study. 
 In recent years much information has been obtained 

on iron absorption from various types of meals inThe interaction between iron nutrition and infection adults. More corresponding information for infants
is a topic of importance, especially in developing would be valuable. For example, is the iron absorp
countries. The iron-binding proteins, transferrin and tion from breast milk or fortified formula com
lactoferrin, have been shown to have bacteriostatic promised by feeding infant cereal at the same meal;
properties in vitro that are lost when these proteins or alternatively, does breast milk or formula 
are iron-saturated. If these proteins are major factors facilitate the absorption of the supplemental iron that 
in resistance to bacterial infection, they may play a is contained in infant cereal? 
key protective role during the period of 
physiologically low concentrations of immune The methods that are used to diagnose iron defi
globulins in infancy. This possibility is the basis for ciency require further refinement. Alternative corn
concern that therapeutic iron, particularly in binations of tests need to be comp3red in various 
parenteral form, could predispose to iniection. This clinical settings in order to determine how best to 
problem has been the subject of several recent assess the prevalence of iron deficiency in popula
reviews and clearly deserves further investigation. tions and to diagnose it in individuals most 

economically. This would be facilitated by theAnother area of continuing interest is the basis for in- development of simple and less expensive in
testinal bleeding induced by cows milk and the struments that can be used by health workers after 
determination of its prevalence, especially in infants. very little training. 
The effects of cow's milk may have broader implica
tions than siniply in the rezlrn of iron nu:rifion. Since The prc-vaicnce if iron deficiency in relation to the 
milk is a major food in the diet of infants and itdolescent growth spurt has received little attention. 
children in many parts of the world, it would be In boys, the peak in the growth spurt and a rapid rise 
helpful to know more about its effects on the in- in hemoglobin concentration coincide. In addition,
testinal mucosa; bleeding may be only one of several with onset of active physical labor or sports, blood 
manifestations in susceptible infants and children, volume may increase substantially, with a concomi

tant increase in total red cell mass. The influence of
The basis for the high bioavailability of iron in breast these factors might be obscured unless it were 
milk remains unclear, although several possibilities specifically looked for in nutritional surveys.
related to its protein, lactoferrin, and mineral content 
have been suggested. There is also some evidence Another area requiring further investigation is that of 
that the absorptive function of the intestinal mucosa determining the systemic consequences of iron defi
is conditioned by prior diet. These are promising ciency. In recent years there has been agrowing body 
areas of inquiry that may provide information ap- of evidence to indicate that iron deficiency can com
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.promise celiular immunity, muscle function, in- fects of iron deficiency in terms of systemic 
tesvina absorption. and thermogenesis, all in- manifestations. This type of information isimportant 
dependently of its effects on anemia. Further studies in assigning an appropriate priority to programs 
in this area are required to determine the subtle ef- aimed at elimination of mild iron deficiency anemia. 
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