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Introduction 

Al'hough the .mount of iron contained in even the largely determine which mtmbers of the 
most inadequate diet is considerably more than population are affected. In this regard, infants and
man's nutntional requirements, iron defioency children are at special risk becau ie of the increased 
re.ma.in the most comn'onlv recognized of the requirements related to rapit growth.'2 In 
nutntional deticiencivs While it reaches itsgreatest addi.ion, women need more iron than men because 
prTe.Vlenceand everity in developing Ccountnes. it of the superimposed requirements related to
isalso freqluently t.ntountere in affluent ,(ocet Ies reproduction-menstruaton. pregnancy and

he explanatlion for this paradox lie's in the poor lactation Both the prevalence and everity of iron 
bio.avilabilit- of much of the iron In present day deficiency are therefore censiderably greater in 
dicts Our digstive systemst ai v ell adapted to the women durin their rcprtxluctive year- than they
absorption of th. heime iron in nieat. poultry and ae in men 

" fish. '"t' t is the iron in rice,. wheat. maize and 
other veet.cble stap les which is so poorly General guideline% for the eradication of iron 
absorbd, " ,-ind much of the .roneficiencv in the deficiency were previously laid down by the Inter
world can Ne acribxd to the virtual dsappearancte national Nutntional Anemia Consultative Group
of meat from the diet f aIlarge proportion of the (INACG) in 1977. '" In a later publicati.n, INAC(;
wo.rld's po ul.io:n 'The veason why man can concentrated on the spcial problems relaing to 
absorb the heme in meat prtduct , so well and the iron d'ficiencv in infancv and childhi.K.' "' The 
ntn*hemc :ron in grain prodJucts 50 poorly is not purpw of the present monograph is to provide an
kno. %. b.,t -my"relate. in part at !cast. to the fact update on :he iron nutrition of women, with 
that it is only comparatively recently in special ref,'ence to 'he requirements for pregnanc,
cvolu tionary terms that he h is abandoned his and lactation To put these requirements into per*
huntehr gathere, ;ift" Ile in favor of a more settled spective. a brief sumnr-y of( current concepts ol
agrcultur.al e isten.  external iron exchange will be given, since this 

information provide%an essential background forTheprevalenceofirodeficencv .nanypopulation any programs designed for the prevention or
is a function of the bio-availabiltv of the iron in the trea:ment of iron deficiencv, 
average diet, but varying reqirements for iron 

http:agrcultur.al
http:re.ma.in


II. 
Body Iron Compartments 

Iron is essential for life. As a constituent of heme, it serve the main repository of the body's ironas 
is present in hemoglobin, myoglobin and a vanety reserve. When the quantity of ferritin within a cell
of enzymes. In addition, there are a number of rises, some of it aggregates and evertually forms 
non ,eme iron en.ymes. These various corn- insoluble complexes which become visible by light
pounds subserve many vital functions; they are to microscopy, and stain blue with potassium ferbe distinguished from storage iron, which is always rocyanide. These visible anti insoluble aggregates
preent when thee is stufficient :ron within the of stored ircn are known as hemosidein. 
body to permit th, .vnthcis of the necessary quan
tlties of the functional compounds ihis reserve of The quantities of iron present in these several
iron is metabolicallynert, being sequestered inside categones of iron conpounds in a normal 55kgthe molecules of a specialized,. roughly spherical woman are shown in table 1.It is apparent that the
protein, femtii Fcrntiri iron i. readily available largest amount by far is in hemoglobin, and thewhen required for incorporation into functional major metabolic iron circuit within the body is that
compounds, such as iron-conta.ining ervnmes or involving the red cells. This circuit is largely ahemoglobin. Most tissues normally contain only closed one, with much of the iron released from thesmall amounts of stored iron, but the hepatocyte hemoglobin of time-expired red cells being usedand the elements of the reticukxndotheaal system again by theervthroid bone marrow for the produc
in the vanou:, organ. contain larger amounts, and bon of new red cells. 

TABLE I 
IRON-CONTAINING COMPOUNDS IN A 55Kg WOMAN (approximate) 

Functional Compounds Hemoglobin 
Myoglobin 
Heme enzymes 
Non-Heme enzymes 
Transferrin 

1700 mg 
222 mg 

50 mg 
55 mg 
3 mg 

2030 mg 

Storage Complexes Ferritin 200 mg 
Hemosiderin 70 ng 

TOTAL 2300 mg 

2
 



The size of the body's iron stores is very variable, the amounts of iron which can be absorbed and 
reflxting as it does the adequacy of iron balance their increased physiologic requirements. This 
over an extended penod of time. In iron-replete point underlines the fact that when iron nutrition is 
men it reaches figure%of about 000m;g in young less than optimal, it isthe storage reserve that first 
adulthood, while in women consuming a good becomes depleted. For this reason iron stores are 
W',etern-type diet the figure is of the order of often totally absent in adult women, espeoally in 
300mg." The lower figure in women is an developigcountries. " 

indication of the more precanous balance between 
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IIl.
 

External Iron Exchange
 

Iron Losws 
If adequate iron nutrition is to be maintained, the 
amounts absorbed front the diet must at least match 
the average daily losses from the bt1y. In normal 
women these losses can be divided into the ba.sal 
obligator- iron excretion and those extra lo- se in-
cured as a result of menstruation. pregnancy and 
lactation. 

Ral.r ho, to, rs lasil da:lv losses of iron from the 
bodv are derived from two major sources-- the 
de'squamnation of surface cell% with their small 
atou nt of fu nctional and slora iron from theit 
skin. gatrointestinal and urinarv tratt.s and the 
nii ninial gastroirit-ti n.il bloxi lo,,s whih tcx:rs 
ev vn in health% indvidu.i;, lherea rtalso e.r% !ow 
tn,)t nration, ol esira.t telLir irow in s%%eat. b:le 
and untie Ii nortml o lt ail1oss, is%!es, th n 
0 (11g in ilt ine. it 2.0 31ng tro111 ilth %ki it.d 
( 6mg in fetes ()ill . i' ut 1 14ni; daily of the 
iron lost in lh fet- I, de..ved from ile . and 
desq tia 1.1ted el ;1.th.l te'Is the lie'oglA.bin 
content of !rti,esik1 st Illlr blo !oss 
much more .ignificln! for iron r".ton tha. is%tos 
epiththial dvsqu.i non. let rernilrder repre-ri a rid 
sents ab)ut 0 itml bHood Ih is appiarent that any 
increase in the amotint of Wood loss %%illhave a 
profouned efft' 0:1 iron balar. I: contrast, the 
%kindo ' not repr ent .iln importa nit source of iron 
loss and losses from I:i , s: teare ro! increased int 
hot, humid %% cxcesiveenvi ronmentis h ere 
%weai.Ihi) is a fe.i tJrt I Tal iroi losses therefore 

ariount to atbout 0 9. 1O:ig d.ilv (2. 14 /,g kg day) 
licausc of the ,mallcr btdy surface areas, the ios-
s.' in women would be expected to be correspond-
ingly less, and can beassumed to lie in the range of 
0.7-0 8mg daily. 

,fristruation Menstrual blood losses have b vn 
cstimated in two large groups of women, the one 
Swedish"' and the other British"' The Swedish 
women wer. randomly selected from the general 
population In both studies the finding%were 
otnkingly siimilar, w-lit, m11edian monthly losses of 
3(mi and 26 5mil repecively (Fig 1). lhit% !% 

'quiv.Ilentit)o 12 ]5mtg iron, or exprt--,ed .:s a Ioss 
.Iv ;aged over lhthwhole month, 0 4.0 5mg ,(alv 
In Kith tudwilthe dtnbut-:or of mensirual bt'hd 
loss wa. skeweJ it) the right, with 101, of norm.il 
, ome.n h.v.n, losses%greater than 80ml fillt is 

equ ivh.llnt to more 'han Img i;, iy and :s thus 
greater than the co i nted lss from all other 
Sources Of practical interest in tlit regard wais the 
observa!ion that tt'rsonaI.simates of rmon :hh 

bloti losses tan t,r. inis lvartig oferx and 4 (". 
the women iti one s! lldV %ho were losin, more 
than 8]nil per perio,l wlrt u n.nware that their 
olensl ruat(l %.v "' !here .1tol esct.eslve While s 
ctnidterable individual vari.ton in thilt., n11tsr', of 
iron lost i.aimenstruition. there is urprisingl
Ii!tle varia tion from 1t rod to pernrl|l lit ,am 
woman I= Tere is .vid.. Ilit here.d,.|:tar fL 
may e of ir portance in determining the mern rual 
bl xW loss -, Poitie correi:ations with pan*v .ind 
with bv sie ha.,e flso been shown It is onh" 
when the atnou nts lot are very large (2Wrnil or 
more) that cd-,.eti'ri. abnorrnalities or fibro:tl, 
are likel" 'o Itx the- .Lse "*"Modern contra.clitiv 
practices can rliOifv rtiinisrwalalso s:gnificintlv o 
bltx- losses For e.'ample. the ni.ar menstrual 

blox loss is redued t 12 7m1l in subjects taking 
the combined vari ty of oral contraceptive.' i'' but 
is increased to an average of over 50ml in those 

- - :using intra-uterine devices. ' (Fig. 2) 
Unfortunately the 'pill' s used more widely in 
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FIGURE I 

Frequen<cy distnbution of menstrual blood loss in two groups of women. The upper pinel shows the results 
in 476 Swedish women (DM.,a from Hallberl and coworkers*') and the lower panel those in 328 Bntish 
women (Data from Cole and cowofkes") (After Goltne'). Repnnttd %-;ithpernussion from Iron 
Metabolsm i Man 

developed countne'% where iron balance is much 
less precarious, than in those many developing 
countnes where intra-utennle devices are more 
commonly employed lht.,se various points are 
raised bec.ouse thev do stug;t.,. the need for 
obtaining data compat brle to those already 
collected in Sweden and tht" United (: ,gdom in 
other population groups. and esp.oally in thoswe ii 
which iron balance is mos,' cn.illy poised 

On the basis of his finding%in normal Swedtsh 
women, flallberg and co-wo~kers constructed a 
graph indicating the expected iron requirements of 
this population (Fig. 3). In these calculations it was 

iss'.med that the average basal obligatory losses 
were 0 8mg dailv (14 ;Agkg in a 55kg woman). 

From this graph it can b, predicted that 50% of 
menstruating women would maintain adequate 
iron nutntion were thev to atorb I 4mg daily 
(0 8mg -0 6mg). but in order for 90 0 of this 
population to remain in iron balance, the amount 
retquired would be 2 2mg daily (0 8 mg ' 1.4 mg) 

Preg.nancV. While prt-gnancy is associaled with a 
temporary ces,ation of menstruation, the overall 
cost to the mother in terms of iron Iblance is greater 
than in the non-pregnant state. Total iron 

s 
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FIGURE 2 

Mean menstrua blood loss ("SD) in 3goups o women The control group were normal women, the "pdl*"group were normal women taking the combined variety of oral contraceptives, and the I.U.D. group werewomen using intra-uterine device (Data from Hallberg and coworker. ,'Ndsson and Soovel." Cole and
coworkers" and Gdkud and coworkers'). 

requirements of a 55kg woman amount to more 

than IOOmg, "
 ' but the net cost of pregnancy
insofar as long term iron balance is concerned is a 
good deal less than this, since large part of the 
requirement is for the expansion of the maternal 
red cell mass, and most of this iron is returned to 
stores after delivery (Table II). If the demand for 
iron were evenly spread throughout the period of 
gestation, it could bermet moreeasily bya nsein the 
absorption rate, but in fact the ne-d for iron varies 
significantly in the three trimesters. Dunng the first 
tnmester iron requirements are actually reduced, 
since there are no menstrual blood losses and the 
amount of iron transferred to the fetus is minimal. 
From the beginning of the.scond trimester there is 
a major expansion in the maternal red cell mass 
which contbnues until well into the third trimester. 

6 

When the iron supply is unrestricted this increase 
in the red cell mass eventually amounts to about 
35%. m -206141 Expressed in terms of the need for 
iron these changes are equivalent to about an addi
tional 450mg The degree to which the reed to 
expand the maternal red cell n-.ass can be met is a 
function of the iron supply. In one ,,udy.for exam
pIe, the mean increase in total hemoglobi iron was 
570mg in a group of women given adequate iron 
supplemenation as compared with 262mg in a 
group of normal women %%howere nut gi', en extra 
iron during pregnancy '"The fact that the red cell 
mass rises at a time when the oxygen requirements 
of the fetus are -till modest ,ug..sts that the expan
sion results, at least in part, from a gene'ralized 
increase in maternal oxygen consumption,, as oc
curs in hyperthyrodism Despite the considt-rable 
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FIGURE 3 

Cumulative frequency ol daily Lron requirements in normal women as cakulated from the sum ol their bmA 
obtlgatoy ksses (doted area) and that due to menstrustion (c€rmo.hatched a).) (After HalberS and 
coworken'i". 

inarease in the red cell mass that occurs in iron-
replete women, the hemoglobin concentration 
tends to fall dunng the second trimester, the aver-
age drop being cf the order of Ig'dl." This 
"physiologic anemia'" can be ascribed to the fact 
that the plasna volume increases torn even greater 
degree than does the red cell mass, with the r.-sult 
that there is a certain degree of hemodilution. 

The requirements %.i the growing fetus, u-nbilical 
cord and placenta are partik'ularlv great in 'Pe latter 
half of pregnancy, since more than three-quiarters of 
fetal growth occurs dunng this penoi Lxpressed 
in quantitative terms the approxir.ate iron 
requirements are shown in Table Ill. When these 
various requirements are .sen in relation to those 
needed for the expansion in red call mass (perhaps 
300ng in the second trimester and 150mg in the 
third),": it is possible to calculate what average 
daily amounts are needed im each of the three 
trimesters if iron nutrition is to be optimal: 

First trimester 
± 1mg daily (Basal losses (0.8mg daily) 

- minimal fetal and red cell needs 
(±30-40mg) I 

Second trimester 
t 5mg daily (Basal losse (0 8m,1 daily) 

+ red cell need%. (300mg) and con
ceptus needs (I Srng)] 

Third trimester 
" 5mg daily (Basal losses (0.8rg daily) 

- red cell needs (150mg) and Lon
cepu., need. (223mg)] 

An idealized diagram illu%trating these needs is 
shown in Fig. 4. Te daily ,mount. of iron required 
in the second and third trims-sters are greater than 
can be met by absorption from the ditt (see, later 
section) However, if the mother erittrs pregnancy 
with a reasonable reserve of iron stored in the tis
sues, the first real demand of pregnancy, namely 
the increase in maternal red cell mass which begins 

7 



TABLE ii

IRON LOSSES DURING PREGNANCY IN A 5SKi IRON-REPLETE WOMAN.
 

(These represent average values. Considerable individual
 
variations have been reported in different studies).
 

Amount of iron (ing) 
Gross Losses 
Fetus 
 280
 
Umbilical cord and placenta 90
 
Maternal bt ,dloss 150
 
Obligatory Ioss.. from gut.
 

etc. during gestation 230
 
Expansion of material red cell mass 
 450
 

Gross Total 1200
 
Net Loss"s
 
Contraction of maternal red
 

cell mass after delivery 450
 

750
 

65-
 '
 
_4- fetus
 

=32 enstruatim reJcells lactation 

Nongravid First Second Third 1 Postpartum 
Y_
 

Trimester 

FIGURE 4 

Dady iroo requirements during pregnancy These requirements are needed to meet the normal losses fromthe body and to provide iron for the enlarging red cell mass, the fetus and fof lalcation after the birth of the 
child (Redrawn with permission from Iron .tlaboism in.,an"). 



at the end of the first trimester, can, in part at least, 
be satisfied. If the mother does not have a storage 
depot to draw on, and her diet isnot supplemented 
with extra iron, she %%ill become progressively de
pleted of iron during the pregnancy. since tire 
needs of the fetus enjoy precedence over those of 
the mother. In lhis s.nse the fetu.s aCts .ls aparasite, 
and there is now a goxd de.al of c\idence !hat 
the iron endowment oti the infant is not nor-
mallv a ffec ted by the iron nutritlion of the 
mother ' :': ;' ; '" At the same time, there 
:s evidence that the deliver. of iron to the fetus may 
te conipromied. probably due to place'nal insufft-
clenc., t%hen there is severe maternal iron defi-
ocnc%-,-.1" 

To the iron requirements of the fetus and placenta, 
which can be, regarded as true losses, must be 
"dded the iron lost as blxic at delivery and as 
hcxhia later in the puerpenum (vaginal discharge of 
blx.xl following childbirth) -hile the total amount 
lost by the-se routes is usual- ax)ut I 50]ng. there is 
considerable individual vanation, and the loss can 
be further modified by a procedure such as 
episiotoniv The rem.airder of the iron used for 
expanding the red cell niass during pregnancy is 
returned to the stores after d.li ery and thereore 
does riot figu rt in overa!l i roin baln.ce(. I he net cost 
of pregnancy over aind .i ve basal requiremnents is 
thusai out .A()mg (tible II) It should, however, th, 
noted that :ht-es requireneits .1r, based on studie"s 
whi,.h have en done in W e%'rn countries In 
niost dev.:opirig countries the bods nias, is atbout 
20" '.ets than tile 5;k, ,%hich h bien taken as the 
average in these studies The ni.iller )hv mass 
means that its iron content is less. and it seens 
reasonable to suppo!.e that the additional iron 
needed for pregnanc is also proportionally lower, 
However, since the fcxi intake, and hence the iron 

intake, is usually also reduced to about tl.e same 
extent, the general conclusions concerning the 
need for additional iron remain applicble. 

Lactation:Following delivery there is an interval of 
a number of weeks before menstruation 
recommences, but this p%)tential saving insofar as 
iroi balance is concerned is offset to some degree 
by lactation. The iron concentration of the breast 
milk is h .:"fallinigIrom.ibut 0.5nig during the 
first month after birth to about 0 3mg] between 4 
and 6 months of age." " 'The average daily 
maternal iron loss re-sulting from bre.ist fetding is 
therefore also low, with estimated figures at 1. 2 
and 3 months of ( Img. 0 28rag and ( 27mg. 
respectively :: While lactatio: doesthus riot
normally repremnt a signilhc.ant extra drain of iron. 
it can do so in th.se developing countne-s where 
breast feeding is continued long after the 
reconimencement of niens.ruat,.n [xpresed in 
terms of kilo-alorie., huni.n nilk contains less 
than hng iron I( XXkcal. in contrast to the 6mg 
I(X)kcal in tne average mixed diet of developed 
countries 1-1 H|owever. the low iron (ontent of 
bre.is milk is coniipen ,ited for by the fact that it is 
highly bio.vailablc to the infant' 

1lhaiI1o.O5'. fl(c'O.tl.os'-

t" afft.tted bv a nin,.r 
the mo-,t important 
increasd blood los . 

llHs, l.ose" Ill women can 
oif ,.tho!ogic conditions. 

of which are those involving 
from the..atro,;fetmal tract 

In this conte t. blood loss due to hookworm 
irfestlation is by" far tOw nost imrportant, and its 
prevalence in son- cornunities may be high 
enough for it t) represent .i sigrnificant 
epidemiologic factor atfecting overall iron bal
ance. "' :" Daily blxi losses are directly related to 
the worm load. Is.ing 0 02.0 10 nil per worm for 
Necator aierrca,us,and approximately 2.4mi 

TABLE Ill 
IRON REQUIREMENTS OF CONCEPTUS BY TRIMESTER 

Umbilicus and 
Fetus Placenta Total 

First trimester 
Second trimester 
Third trimester 

25 mg 
85 mg 

170 mg 

7 mg 
30 mg 
53 mg 

32 mg 
115 mg 
223 mg 

Total 280 mg 90 mg 370 mg 
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blood are lost per day when the infestation is 
sufficiently heavy to produce 100 ovaig of 

Pfecvs.'- Infestation with the other vanet) of 
hookworm, Ancylostoma duodenale, leads to 
proportionally greater daily Ibod losses (0.15-
0.25ml per worm), but the parasite is less 
prevalent.:' he deletenous effects of any given 
hookworm laxd on iron balance would be expected 
to be inore prominent in adult women than in men 
because of their greater phsiologic iron losses. At 
the same time it must b stresstd that blood loss 
from the bowel is only one of the factors 
re'sponsille for iron deficiency irn areas where 
hoo)kworm infetation is nfe The hookworm ioad 
is -small in the vas' majority ol individuals in 
endlemic area, and other fat tor,., such as a iimited 
intake of at,,orbablh iron. cone.ribu(te to the 
widespread prevalence of anemia In addition to 
hookworm. intt-stnal infestation with Schtstosona 
man,on has been re orted to produce significant 
fecal blood loss H 

Other causes of gastrointestinal bleeding have 
clinical rather than epidernioloic relevance. 
C;astrointe5tinal bceding may anse in any" site 
along the whole length of the gastrointestinal tract, 
and while blttding htemorThoids ,eldomi escape the 
patients notice. proxunal sites may easily do so As 
much as ll blood niust be pr('s.nt in the stool to 
product' dark kolored .tx),!% or melena. " whereas 
the continual loss of only a lew ml each day wijl 
eventoull]v deplete" the Ir onr recsrve Gas-
troliteStinal bIeedinmamalsov intermittent.; be 
and negative tets for ouit oloxi in the stool do 
not rule out the po-ssi:h, of a Iesion In one sudv 
of 378 patintsi. t"e l'edin w.s found to t due to 
hemorrhoids in 17".l thICsub,ulis,,.1h Oalicyates in 
13%. hiatu, he.nia in 12-.. pt'ptit ulceration in 
12%. diverticu losis in 7,,,. n:oplaism in 30. 
ulcrative colitis in 3 'o and niiscell.i ous causes ii 

:."The site of the blet ,ing wa iti, disovered in 
as many as 27-,,. and this grtil %%as followed for 
up to 21 years Most of these sublects einair'd in 
good heiaith. although in . numbler tit bleting 
continued In soini. t.aises the ,luse. of :he Needing 
was eventually'lu:idated, aspirin ingtion being 
the most oLrlrniorn explanatl, " " " Aspirin regu. 
Liarlv increases the loss tf blood from the gastroin. 
te-stirial tract approxiinatelv fourfo d it more than 
2.,nd1 daily.: :"and large doses nay increase it to 
mre; thi. ;a Hte in rwna,, the ex-;,nil d.iily :" I.i
foli.tion oi the gat ncnircoa and may produce 
-.roi%,,- or h.liiorrhagic g. itni in addition, 
the ,vinhibit platelet aggregatioin and prolong the 
bleeding time While aspirin is the most common 

offender, it is by no means the only drug which 
may cause gastrointestinal bleeding. Phenyl
butazone, indomethacin and other non-steroidal 
anti-inflammatory agents have sirmlar effects, and 
the corticosteroids may induce or aggravate peptic 
ulceration. Anticoagulant therapy will obviously 
enhance blood los from any. pre.mstirg lesion. 

Pathologic losses ako cur from hegetuo.urinary 
tract, the rmlost comnon cause being uterine fib
roids. wtuch are 'rs.-e(nt in about 40% of women 
losing more than n2t)ml monthly " Bleding from 
the unnarv tract is rarely important for iron bal
ance, 'ince the presence of even small quaitities of 
blox)r in the urine is inmnitalvt obviousand med. 
ical advice is ,o jght A rare t'ause of significant 
urinary iron loss is intravascular hemolysis: 
paroxysnial nocturnal hemoglobinurta may lead to 
a daily loss of as much as 10-15mg iron in the form 
of hemosiderin.'" 

Frequent blood donatio, soon produces iron defi
ency in wormen unless adequate iron supple

ments are admlnistered In obscure cases ot anemia 
the possibilih of self.induced bleedyg should be 

" remembered 'The sublect is usually a wonian be
longing to one of the paramedical profesion, and 
thorough invetigaton has usually failed ito e+stab
fish the cause of the :ron deficlency Conlirmation 
of the susplected diagnosis na, b difficult or even 
impossible" " without the use of whole boids 
countng " Another possible cause of iron tefi
cient, is, regular 11Ch,.!+s:, of bloodht-hrslt 
being !eft in thit" tdoi A rare tacuse is :.iOp.fInc 
piInnonam:. tvcs%;d :% .1 .tcndition in which repe(atel 
bleeding into the Iin Ie.ads to the sequestration of 
iron there, so that tventually the're is the paradox of 
pulmonary siderosis with iron deficiencv 

:elsewhere in the body 

Absorption of Iron from the Diet 
lhree factors determine the amount of iron ab
sorbed from the diet: the behatvior of the iitestinal 
rmu'osa. the anrouit of ironi ingested and its bio
atalabdItY 

.,ucosal Behavior Not all the available iron within 
the lumen of the inte--tine is nect-esanly taken up b% 
the mucosal cells. 'Their behavtor is related to the 
iron content of the body, so) that the percentage 
absorption rises as the body iron content 

° als.: ' I- In niales. this honeostatic 
mechanism esujlts in a decline in the rate of 
accumulaton of body iron as adt.Ilh(,od is reached 
and the requirements for growth cease The 
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average American man, with his body iron reserve 
of about 1000mg, only has to absorb daily about 6% 
of the 15-20mg iron in his diet to maintain a stable 
body iron content.' In contrast, the average 
Amencan woman, who has an iron store of about 
300mg, must absorb about 12% of the approximate 
12mg iron in the smaller amount of food she 
consumes in order to meet her needsY- It is only 
when her iron requiremrents diminish to the male 
level after the menopause that the body iron 
reserve increases and the absorption rate falls. In 
the iron-deficient individuai the intestinal mucosa 
is "set" to absorb large aniount,, of iron, but this 
only becomen apparent when soluble iron salts are 
administered, since the restncted bio-availabilit) of 
much of the iron in the average United States diet 
prevents the attainment of high percentage 
absorptions. The uppermost limit of absorption of 
foxd iron by the iron-deficent individual on an 
average "good' diet app<ars to be about 4 to 5mg 
per day, but the figure% are lower in most 
developing countnes because the bio-availabnlity of 

'the non-herne iron is even less "tisfactory." 

Iron Content The iron contents of foodstuffs can be 
obtained from food tables, but some caution must 
be exer'iscd in that if the iron contents of diets are 
measured, figures as much as double the listed 
amounts can be obtained. "'Much of the extra iron 
is probably of extrinic origin, either in the form of 
dirt or from the surface of the container or coc)king 
utensil. The former is usually of very low bio-
availabilitv. '" but iron derived from pans or skil-
lets can add -ignificant amounts to :he absorbable 
iroi intake., es:uCally %%hen !he pli of the food 
being Ccooked in then is low :*: In addition, cans 
may increase the,iron content of pre%erved food by 
several mg. ]ht",e points are raised in oider . 
underline the impor'an.- of direct.nalysis of foods 
if meaningful figure-s for iron intake are to be cb-
tamed. This is espe ially true in developing coon-
tnes. where standards of foo)d production and
preparation vary wdely Ilowever. with the care-

ful food handling that is now%. practiced in Western 
countnes. there is usuall good agreement be-
tween chemical analyses and estimates based on 
food tables.:' :.-:I typical Western meals gener-
ally contain about 6mg iron per 1(000kcal, with sur-
prisingly little vanation."' " The iron is so well 
distributed among foods that little purpose is 
served by attempting to increase the iron intake by 
food selection. 

BIo-Avaulabiity of Iron: It has become increasingly 
apparent in recent years that variation in the bio-

availability of food iron is of far greater s*gnifiance 
for iron nutrition than the iron content of the diet. 
The first point to grasp is the notable difference 
betweenthebio-availabilityofhemeiron,whichis 
easily absorbed whatever the dietary composition, 
and non-heme iron, which is usually of low bio
availability, being markedly affected by other 
ingredients in the meal."' Information on the 
relative bio-availability of iron in different 
foodstuffs was initially obtained using foods 
intnnsically labelled with radiotron. The stnking 
difference that was noted was between the low 
bio-availability of iron in the three major grain 
staples-rice, maize and wheat (1 to 7% 
absorption)-and the much better absorption of 
fish and meat iron (12 to 20%) (Fig. 5). '"' The 
much better absorption of heme iron can be 
ascibed to the fact that heme is taken up into the 
mucosal cells as such, and the iron within it is 
therefore not vulnerable to the effects of 
gastrointestinal secretions and hgands derived 

' 'from other ingredients in the diet.'4 '"" 

The importance of the heme content of the food is 
well illustrated by a study that was done of 
Swedish soldiers over a penod of six weeks. T"The 
average daily diet contained 17 4mg iron, 16 4mgof 
which was non-henit- iron and 1mg heme iron. 
Only 5% of the non-heme was absorbed as 
compared with 30% of the heme iron. This meant 
that although the heme iron compnsed only 6% of 
the total, it provided 30% of the imount absorbed. 
In another study the meal contained meat, black 
beans, maize and rice."' Its total iroti content was 
4.5mg, 1.5mg of which was in heme. In normal 
subjects the average total absorption was 0.46mg, 
0.34mg being denved from heme an6 only 0.12mg 
from the non-heme fraction. The proportion of 
non-heme iron ab^orbed was, however, signifi
candy greater in iron-deficient subc,<cs, since it was 
0.43mg of a total of 0.95mg. If these studies do 
nothing else, they underline the fact that heme
iron, even when it forms only a small proportion of 

the total dietary iron content, is of great nutritional 
significance. 

In contrast to heme iron, the bio-availability of the 
non-heme food iron is variable, but generally much 
lower. As was mentioned previously, this is 
particularly so in the case of the widely consumed 
staples, including nce, maize, wheat, black beans 
and soya beans.'" However, such foodstuffs are 
rarely eaten alone; they usually form part of a 
mixed meal, and the proportion of the iron 
contained within them which is ultimately 
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FeAbsorpionfrom Different Foods 

Rice
 

Corn
 

Wheat
 

Fish muscle _ _ _ _ _ 

0 5 20 i5 
% Absorption 

FIGURE 5 

The geometnc mean ab:,ipbon of iron from grain products and from fshand meet by Venezuelan peasant. 
(Data from Martinez-Torres and Laynsse"') 

absorbed is profoundly influenced by the 
composition of the meal To understand why this 
should be so. it is necesary to have an 
understanding of the concept of the "common 
pool" of non-her'.e iron in th" neal "' It has been 
shown that m .,tform%of not%- heme iron in ameal, 
whatever their ongin, enter a common Fxxol dunng 
the pro<es% of digestion. and are thus equally 
susceptible to the effixts of a num er of enhancers 
or inhibitors of iron abis)rpthon This has made it 
possible to asse, the totJ absorption of non-heme 
iron from mixed meals by simply adding a radio-
iron tracer to the meal and measunng its absorp-
tion 

While a number of such studies have confirmed 
the validitv of the "common pool" con-
cept. "):-,,.,: :1.:%.-,,-certain exceptions have 
been noted. The absorphon of iron in the storage 
compounds ferrin and hemosiderin is signifi-
cantlv lower than that of vegetable iron In addi-
tion. insoluble iron compounds. such as fernc 
p.rophoohate. ferricorthophosphate" :and fer-
nc hydroxide' are porely aibvorb-d. while femc 
'xide %snt axrbed at all The.se observations have 
practical relevance, since such compounds in the 

form of dirt may contaminate foodstuffs such an 
cereals. It is therefore not surpnsing that there are 
occasional reports of the co-existence of nutntonal 
iron dehciency in areas where the measured iron 
content of the diet has bKen found to be high.' 

The role of the enhancers and inhibitors of non
heme iron ab-,orption in a mixed diet is a complex 
one, since the amount ultmatelv absorbed is a 
function of a number of complex interacions : 
Important in this regard are many different ligands 
of extnnsic origin in the form of other dietary 
constituents and the intnnsic secrtahons prxoduced 
in the upper gastrointestinal tract Conrad" has 
pointed out that the effects of any single ligand are 
determined by a number of variables. These 
include the concentration of the ligand. its affinity 
for both ferrous and ferric iron, the effectiveness of 
complexing in the changing physico-chemical 
conditions within the intestinal lumen. the nature 
and concentration of other ligands in the meal and, 
fin lilv,the efficencv with which the complex can 
be absorbed by the mucosal cells. The major 
enhancers of non-heme iron absorption are 
ascorbic aod" "%', " and meat." "'t"" 1*4 

Ascorbic acd is not only a powerful reductant, but 
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also binds iron in equimolar concentrations to form and turnips.' On the other hand, the iron in 
a readily absorbed complex. Its promoting effect on spinach is poorly absorbed when fed alone 
iron absorption is dose-dependent (Fig. 6). '"u (:.- 2%) despite its ascorbic acid content. "This 

suggests that it mu-t be locked wgohin an 
The ef ect of ascorbit" acid on nion-heme iron una..,orlable compo-und. or elke that spinach also 
absorption ha, bevn evs!ed in a :number of dictary contains sore powerful inhibitor(s) of iron 
set'ings and In c.ih k.se had bten shown to t .' ,absorplion The potcn ti.-.I beneficial 'ffects of 
profound It pLhvs apartit-ulahr it:c' " role indivts .iscorbic acid- containing vegetables. s1 re'<ntly 
in which ltIle or nio .iea t is tt In conide.rny, %t-lldemontrated by'v lallberg,." who comparled 
the iron nlitritive v%!t.i" of sut h diets- it Is therefore ! , o v t,;t let. dil! of simil r iron 'onlent. which 
esential to h.i~a. , k.olc~jge of tvhrr scrbic , .d,| ned considerabv in their asco;b:c acid contents 
contents (oinioiilv tonstirrmed io.tx. ontalinn (Fir 7) the large a,,orb,:c aci.d coitent in the 
silrirfica int omonti t oif ascoricit: a ire show inI s cond di t-s, as(ribale io the presence of 
lable IV,' lhv elit. %o %t%sevrl of tht-e Iruit and cauliflowecr 'While acorbic acid ir; the dietary 
vegetabcl o: non i..e irat):; a|sorption have been ctIttu'nt in fruit and vegetables that Ims been 
direcilv meastred and their promoting Cffec't on most extensively studied in relation it) enhancing 
non-heme iron absorption assessed thes include non heme iron ab.orption, it is almos certainly not 
orange juice." brccoli. cauliflower. potatt" . the only one For example, orange juice also 

7
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FIGURE 6 

Effects of increasing quantifies of ascoebic and on the abworpt on of non-heme iron in food. 
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TABLE IV
APPROXIMATE ASCORBIC ACID CONTENTS OF A NUMBER OFFRUITAND VEGETABLES 

(Data from Documenta Geigy'" and Paul and SouthgateU#) 

Fruit Guavas - fresh 
- canned 

Lemons 
Oranges 
Pineapples 

Vegetables Broccoli - boiled 
Cabbage - raw 

- boiled 
Cauhlflowtr. raw 

- boiled 
Peas - raw 

- boiled 

Potatoes - new boiled 
Sweet Potatoes - raw 

- boiled 
Spinach - boiled 
Tomatoes - raw 
Tuinips - raw 

boiled 

contains citric acid, while sauerkraut, which is a 
'potent enhancer of iron absorption. contains 


"
actic acid, a known enhancer of iron absorption, 
in addition to ascorbic aad, and also has a low pli; 
the solubility of ferric ions in particular is p11-
dependent. 

In an earlier section it was mer.hioned that the heme 
iron in meat, poultry and fish is well absorbed, but 
meat fulfills another important role in iron 
nutrition; it potentiates the absorption of non-
heme iron in other foodstuffs (Fig. 8) How this 
effect is mediated is not known, but it may relate to 
the release dunng digestion ol amino aads and 
polypeptides in the upper small bowel, and the 
formation of soluble, absorbable complexes with 
the non-heme iron."' 

A number of inhibitors of iron absorption have 
been recognized in the past. These include 
carbonates, oxalates, phosphates and 

'phytates.. Many diets contain large
quantities of one or more of these substances and it 
has been suggested, on the basis of in vitro studies, 

Average Ascorbic Acid 
Content (mg!100g) 

200 
180 
80 
50 
25 

34 

60 
15 
60 
20 
25 
15 

is 
25 
15 
25 
20 
25 
17 

that they form large complexes with iron which are 
very poorly absorbed. However, the dt.Nree to 
which such complexes inhibit iron absorption is 
variable. Monoferric phytate. for example. which is 
the main form of iron in wheat. is as available for 
absorption in a mixed meal as is ferrous sulfate.." 
while dephvtinized wheat bran still ha, the capac
ity to inhibit non-heme iron absorption ::' Fur
thermore. beetroot has a very high content of oxalic 
acid, which has been claimed to inhibit iron 
absorption, and yet non-hene iron is well absorbed 
when fed wuhitbetroot "'"'Atthesame time there 
is firm evidence that Certain dietary components do 
have a profound inhibiting effect on iron 
absorption. The absorption of iron in bread drops 
progressively as i1s bran content rise'. (Fig 9) :* In 
another recent study a negative correlation Was 
found between iron absorption and fecal bulk, and
it was suggested that some factor or factors in 
vegetable fiber may have an inhibiting effect on 
non-heme iron absorption :: When Indian tea is 
fed with a variety of meals there is a marked 
reduction in iron aosorption, which has been 
shown to be due to the formation of insoluble iron 
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Iron AbS&Vifkw from Ve torion Diets 
(iron content 58mg) 

10

h'on Absorbed 05 
(m g) R E M 

Navy beans 
Brown rice 
Corn bread 
Apole slices 
Walnuts 
Almoods 
Yoghurt 

Marganne
(Ascorbicacid-
7mg) 

FIGURE 7 

Couiflower 
Red kidney beans 
Trmato sauce 
WhitP bread 
Cottage cheese 
Canned pineapples 
Bananas
 

(Ascorbic acid
74 rg) 

A comparison 0 theabsorphon 0 non heme iron from two vegeubl meals containing di fering quantfies of 
ascnrbc add.The difference was Largely a-cnitblk to the presence of caulaflower in the one neal. (Figure 
from Haltber " Redrawn with perm.ision) 

tannates (Fig. 10). "'.,This observanon mav well 
have relevance to iron nutnton, since tea is drunk 
with meals in many part% of the world Another 
inhibito- of non-heme ir.)n aborption that has 
been well studied is egg yolk It contains a 
phosphoprotein which binds iron strongly "' 
Other inhibitors may have relevance in certain 
situatcns. :or example, ethylenediamine tera-
acetic acid (EDTA). which is used a% a food 
preservative, causes a 50% reduction in the 
absorption of non-heme iron from a typical 
American dinner when the EDTA to iron molar 
ratio is 2:1. " There is evidence that such ratios do, 

in fact. occur in the United States diet since EDT.\ is 
present in some foodstuffs and dnnks, including 
margirine and both carbonated and malted bever-
ages. The degree to which enhancing and inhibit-

ing agents affect iron absorption from a standard 
meal was well demonstrated in a recent study in 
which a standard continental breakfast was 'ed to
gether with different beverages. two containing in
hibitor ubstances and onean enhancing one (Fig. 
11). A threefold difference in the amounts of iron 
absrbed was found When .1 prom)tnga.igentiand 
an inhibiting one are bo!h present in the ,,ime meal. 
the effects are aiitagonistic Orange juice incwea.s." 
the absorption of the iron in ;porrndpe or bread" ' 
and in eggs'3 while if an .ggis fed together with 
bread, the poor absorption of the bread is further 
roduced.1 ,.,o: 

Endogenous l.iga':ds: During peptic digestion a 
proportion of the non-heme iron in food is ren
dered ionizable.'" while hene is released from its 
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Absorption ofN*on-Heie Iron from Maize Meal
 
(ironcontent 5 mg)
 

I0

and coworker'"). 

globin bonds." Gastnc hydrochlonc acid plays a 
key role in this regard, and there are several studies 
showing -ts importance in the absorption of femc 

'
iron salts" ,.::, ar'd of non-heme fcxoo iron.:: Its 
importance presumably relates to the fact that 
polymenc iron complexes are less likely to form at 
low pil While other gasnC luice%must obviously 
have relevance to iron .ih'orption in that they pro-
mote dige.tion with -elcae o iron from the food, 
there is little evidente that they* contain any 
component that acts a%a.speofic carner for iron 
There is also no evidence that parreatic, bilian 
and intestinal secretions have a direct e'ffecxt on iron 
absorption."* At the same., timle it seem . possible 
that the proteolytic pancreatic en/vmnes may have 
an enhancng effect on iron absorption in cer;ain 
dietary settings, since they release amino aads or 
polypeptides which can act as promoting ligands 

Absorption 

Maize Maize 
alone + meat 

FIGURE 8 

Absorption of nonrheme Iron from a maize meal inthe absence and presence of meat. (Data from Layrnsse 

?or iron absorption. Such an effect is, however. 
unlikely to be a major one, since iron absorption is 
not reduced in patients with chronic 
pancreatitis. ,,..'",
 

Overall Effects of Ligands o,1 Non-Henmr Iront 
Absorption: From the preceding discussion it is 
clear that there are may ligands that can influence 
the absorption of iron from a particular diet Con
siderable attention has been paid to the possible 
inhibitory ligaric, prt-sent in cereals, since they 
,.ern to contribute %omu'Ch to the nutritional iron 
defi eny, that affects many population group% 
Wh! e there is no doult that ,substances such .as 
bran and tannates can profoundly inhibit iron 
absmrption, the inade uate amounts of enhancing 
ligands in cereals may be of equal or even greater 
significance. Support for thIs contention has been 
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FIGURE 9 

The Inhibttory effect of an inceeing percentage of bran on the abso gton orLron from wheat bread. (After 
B)6r-Rasmussen." Redrawn with permisson) 

20 - without tea
 

[ with tea
 

77,/7 

FIGUR E 10 

The inhibitory effect of teIa on thc ab.,wplo.i of the non .icic iron ina.nil containlng nce. potato and onion 
soup, and 100 mg ascorbic a(d (Data from ()at-ir-andcowokcrs'") 
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Continental Breakfast 

+ Tea 

+ Coffee 

+ Coffee and 

Orange juice 

SI I 

0-I 0.2 0.3 0.4
 
Iron Absorption (mg) 

FIGURE i 

Effects of different beverages on the atso<pticon of iron t.'*,n a continental breakfast. (Dta from Rouander 
and coworkers"'). 

obtained in several studies in which it has been 
shown that iron absorption from nce. maize and 
wheat meals is markedly increased when ascorbic 
acid is present.7" :":I, ;,- and similar 
improvement in non-.heme iron absorption has 
been noted when me,., hIla len added to a maize 
porndge meal "; On thi basis of these vanous 
studies it is no%% po,:bl. ioprdicI .ith adegre,- of 
confidence how mu.li on-h,-ie iron will be 
absorbed frorm different dies. depenriding on the 
relative con ten!, of the two major promoting 
agents. a rbic aid ard me.at, pool:rv or fish (Fig 
12). A diet of low iron bio-availatililv is orie in 
which the daily ascorbic acid contnit is lessthan
2 5rr.g or the me.at. poultry or fish content s less 
than . 30g. while one of high bin- av..aatilityis one 
with more than 75m); oscorbic atid and or more

9 0Fthan me..at. poultry or fish Anticipated 
percentage absorptions from these different meals 
by subject-. with no iron slore%would be 5% and 
20% respectively." 

If these figures are seen in relation to the iron re
quirements of females, it is possible to makecertain 
generalizations concerning the quantities of iron 
which must be present indifferent diets if iron 
balance is to tx" mainlataied In calculating iron re
quirements allowance must be made for thlt wide 

, v)nation ill menstrual losses ariong normal womn. 
en Sin' median menstrul losse- arlUiV.lh-ni to 
0 4 -0.5mg iron dv. %ith the b.,il lo%-,s of 0 8-ig 
day. half the ferm.!e popuJ!.tion ,ouLld rermain inl 
iron balance if I 3mg could bx- a ,orbed daily For 
this to be true of 80' of the wormen, the figure 
would need to I Smng and for '6",of the wone. 
2 fling The amiounts of iron that %%ould n.ed to . 
present to mteet these needs inl diets of differing); 
bio-avaiLbiliy are shown in t,al V Ln'if. rtu. 
natelv it is not e.%',,to translate the me ,;age of the 
figures in Table V into practical int-rvention 
strategies,. since it is clear that econonit: factors are
largely responsible for the inability of so many 
pople in the world to maintain adequate iron nu

is 



Avoilobility ofAon-Hr Iron inAron Depletion
 

25

20

%Absorption 15
of Non-Heme
 

Iron 10

5-

Meot 
Pouitry <30g 30-90g >90g 
Fish 

or or 0nd/or 

Ascorbic Acid <25rrg 2 5-75 rng >75r 

FIGURE 12 

The percentage abiorpaon uf non. heme iron by indiiduals with no body iron stores from 3differtnt types of 
dic .A daily diet of low a'aillbilliy s one conjaining less than 30g ol meat, poultry or f sh (lean, raw weight)or
less than 25mg ajcoibic Acid The comparable figure%for a diet of medium availability are 30 to 90g meat. 
poultiy or fish or 25 to 75 mg ascorbic acid. whid a diet of high avilability is one contairing moire than 90g
meal. poultry or fish or more thin 75mg .asjorb c aid Altelmahvely it is one contlaining 30 to 90g meat,.
poultry or fish plus 25 to 75mng asorbt aou (DA|s from Mon*en and cowoAker'i). 

TABLE V
 
DAILY AMOUNTS OF IRON REQUIRED IN DIFFERENT DIETS
 

Iron in Diet (mg) 
Low Medtum High

Daily Iron Losses Bto-availability Bao.avaalabilly Bao-aualabilhty 

1.3 mg (50% of women) 26 13 6.5 
1.8 mg (80% of women) 36 18 9 
2.8 mg (95% of womeo) 56 28 14 
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tntion: meat is beyond the means of vast segments 
of the catth's population, and even the fresh fruits 
and vegetables which contain adc|uate amounts of 
ascorbic acid are more expensive than rice, wheat 
mlize and other staples. the iron of which is 50 
potrly available unless ab orption-enhancing in-
gredients are prt-.erit In developed countres theproblem isof .adifferet nal tre tlh es,s,i-.ve foo.d 
refinemnt and detrcased caloric intake having
special relevance lict quantity or fool eaten per
day ha,, declined signiificanil% in the recent past
bec.use the l energy neede l,)r dailyaiount of 
living hs dirinihed " ; 'Thesedentary lifestyle
of nian% people has re'duced the energy require-
nent and. ais. direct conwequenc.o th- iron intake 
has dechlnd 

PatJ °Io.~,c A~zr' 'scg:°'of Wit'o-The predictions in 
Table V will obviously be inaccurate if 

gastrointestinal .athology interferes 
 with the 

absorption of Iron In countrit-. such as lndi. 
 falti 

West Pak,stan nrid Hanglade,ti, milabsorption 

associa ted 
 with bowel discase is corn-
mon 1; :- " "' Ilowever. rn. absorp,n is a 
much rarer ca'.s ot iron dcfi .jenc 'v ii in is 
patho;o(gic l'eeding Iron at, orplton is defective' in 
idiop.ithic st..'tor.ht.,- - --.r,.| i'and indedi the 
pre-sentirF feiture. allhough .lkot plion of other 
nu1trients is usm:.iilv .lso detect ,e Among !:i-sc'is 
tolate. so th.t the arered tells frequttls di:n:.-
phic. and the m.,n torpt:,uilir o4nim (MICV)
na% riot IIli-%thiii he iron dtoiciei(t, ririge a;,s. 
Inc sur)*erNi.m.v lead !o i'Ilehlu.11t. iro aiorli. 
tion. 'ro,.ib!v due both t, !he- lts, of the normal 

' hop;'er fur tin; ottl 't. ,frn.ih and to the, di-
mi liiitde gasih :' ecrti ons 'agto:iv or 
,o!'n pl: draiiiage of, the stor-.ch a,, l.s% 

elfect on iron balanice. han illroth II (escisior' of the 
storiich) and V'oly.: (gastroJcJuno.stoniy) opera-
ton It haIs been shown that the absorption of xth 

non-heme''=3 1 and heie iron"'1' z
' ' in food is 

defective after gastrectemy, and in women under 
50 the hemoglobin concentration,has been found to 
fall at a rate of about 09gdl per annum. In post
menop.iusal women the rate is only 0.3g'dl 'Bleed. 
ing my contribute to the iron deficiency in such 
subjlt.4s. 

Since gastric hydrochloric acid promotes the 
absorption of non-heme iron."''''-'.3"it is not 
surprising that an assxiation has been noted be
t%,t.eo chronic gastntis and iron deficiency. This is,
however, not due only to malabsorption of non
hem,. iron, since intermittent bleeding from the 
atrophic mucosa may also be a contributory factor. 
In addition, there is evidnce that ,he reverse may 
be true, namely that ir.n deficienc, may causegastric mucosal atrophy rep i:r of the iron 
deficiency may lead to some improvement in the 
mucosi, particularly in younger patiets.'" Pica. or 
the cating of non-fxd material. may lead to iron 
deficiency depending on the substance consumed. 
Trhe rahige is wide. including earth, clay. pelbles
laundry starch, ice, wall plaster and charcoal. " ' 
Pica has been recognized in mans, parts of the 
world, mitluding the United States.M.) lran." 
rurkey," Sou th Americi. ;India, '"and Afnca,

and while it has been observed in both sexes, it is 
more preva.lernt nnong jirtynant women, particu
larlv when the ,%soio.economic orcur.istances are 
poor. No' all the s: sta:ce%,onsumed affect iron 
absorption, but tcertam cl.,-s have ben shown to 
,1dsorb non-hem ftx.d iron and render it unavail
,hle for absorption : Medicinal antacids have a 
similar effect. Tetrac,,cln,., form insoluble com
plexse with iron and w-ould be .pected to interfere 
with troll absorption but longterm tetracycline
therapy for acne has :iot been shown to produce
detectable disturbanct,, of iro;: balance.'" 
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IV.
 
Deleterious Effects of Iron Deficiency
 

Any intervention program aimed at reducng the 
prevalence of iron deficenc- in a particular popula-
tion is predicated on the asumption th.it nutri-
tional iron defciencv dt-s indeed lead to signifi-
cant d:s.b1l1tv It is thcreforc important to review 
br:.lv, the cv.dence !hat this is .so 

Tire ot obviou end r's th of iron defhency is 
a ar...rod it :s tlitretorc no: srprising that this 
hls been taern is thle m,)or vardstick in measuring
1h.pr-i.t'i ., ot iron deficncv ]here is. 

how,ever. r.nt'rt .t.idi, h.at adverse effect mnay 

a.o r.-sult frorn the i.on defit:wr:e. of ot'her tissue, 
n the !-o-dv.. and this t'vidente %%ill ibe revxewed 

E;(-' :,.! , i j dbo' I,". he. st hliiall,-,.z,', !,:,: 

evidence on the d ,hletriou, t tl of severc 
nutritional anlllh' hras N'en oted in pregar.t 
%..Ia v.an , onen. the m.i terna rnorta i! v wa 
reported to I Ot() ,, wlithIbe5S I O' anit t hose 
hemoglotin roncel trations les h.an ) -" dl is 
coMpared with a tig :rt, of 1 ;I WV,i0 a no nO,1em1ic 
group [ 'rena.i .wd ;periiaa ii iant los ,1nd the 

•ate of preniat, irit % %,%.rt. ,'li 
higb er. but si rc loIl t dt'fit iertlv was a 
complicatirig fe.1Inrt' itr . ;tiit .r o the a rnlic 
,ublects. the t'xact -o:t o ;ron deni'ric remairi 
unceriitai 

Several phsio!ogic studies have shown that iron 
deficic11iy arit'm ll ca11 Ifft'ct t'fort toli. .irice., with an 
reductitn in ra i mu.ni work cap. tcit t'veral] 
studle in raridirr il:have ' ' sho+,,-na 
significant correlation between the hemrioglobin 
concentration and work capacilty, th the re+sults 
Of son ,tudies indica ting that even mirnor 
de.eme'its affect performance (Fig 13)."''"' : 

These latter findings are somewhat surprising, 
since there are several compensatory mechanisms 
that safeguard the delivery of oxygen to the tissues,. 
including adjustinents in cardia. output and in the 
affinity of heriogltbin for ox,,gn " In this regard. 
it should t' roted that thcre are, in fact. stuJit-s in 

"' rat'' .nd man in wh ch significant changes in 
phy.ical performaince we-e noted ony %%hen the 
heriioglobi l Concen~tration fell telow i(g dl 

clffe( of ph,,sio!ogic findings irtothe translation thesw 

crrical terms 1%not ea. tr.iusl. of the man
vanablh-,, involved, but thereartat leat two studies 
in which evidence has enobt.iii id sugg*eshong 
that manua! l.borer% .ufferi:lrg from iron 
deficen..v anim ia are !t.-s elicient wor,.'rs than 

are sub'cts with iornmal hermoglobir concentra
iots ,","o Ti-,hcidene was obtained in male 
or ,.r, on .i rubter pta ntation in Indoneia ard 

in ferale torktrs on j Iva phltation in Sri [nk, 
(Ff; 14) ... '. In Ib)oh sttlie' the perfortr.ince of 
tle iron-t.efioLr. t sublt- ts imiiproved when iron 
t]herapp wasgivt,' h.* gr." test 2mprovemerit 

bey'il.ficar'yt ig in1 those .eli lt-Iowts,! 2riial hemogltibin 
coricelltr,iionsl Ios evtr, it i, otw clear whether 

th1i irpro t. rlt-1itwasI%dti. it) the rt'plttion of 
hemoglobi n onl o. whet her cor.rectior of a 
deficiency affecting some other irondependent 
:e1t.'bolic proess s-%aIso . factor (sce later 
:,ectiorl) 

cpltizop: of ()hcr Ir'P: C:.n'P:,,:: " :J),,',.l, A 
riturnber of iroin .contrli ri and irondeperider 
compounds are depleted in iron dficienr.v aremia 
(Table VI) "' hen depletion of one or 
more of these con'ourids occurs, it dote riot do so 
uniformly in all tlissues. Some, such as the intesti. 
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FIGURE 13 

The Harvard Step Test score at different hemoglobin concentrations in agricultural laborers Ii/ing in the 
lowtlads of Guatemala. (Figure from Vitein and Tortn.'" Redrawn with pennmssion). 

nal mucosa, are particularly susceptible, while body of evidence indicating that iror. deficiency 
others, such as the myocardium, are much less so. produces a number of deleteriou, effects in 
In addition, the rate at which these compounds are addition to anemia. This evidence re:ates to muscle 
repleted in different tissues after the administration metabolism, cell growth, brain metabolism, resist
of iron is very vanable. In cell populations with a ance to infection and temperature control 
r.:pid turnover, such as intestinal mucosa, restora
tion of c'tochrome- takes place rapidly, whereas in Perhaps the best elucidated of these other adverse 
skeletal muscle it is very slow effects of iron deficienc), is muscle dysfunction 

There is gx d evidence that iron deficent rats are 
Patholop',c apid Clinical Sigi ificance of Non. unable to run properly and that the defect in 
lic,:i.-!o.', Sequdac ot lroi Vdfciency: The physical performance is not related to anemia per 
tran,,Lvtion of in se. to decreasedfindings reported the previous but rather concentrations of the 
%ec'ioninto pathologic and clinical terms has not enzyme a-glycerophosphate oxidase in muscle.''' 
b.en easy There is. however, already a persuasive This enzyme is concerned with the shuttling of 
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FIGURE 14 

Daudy work output for normal workes (hematocnt_38%) and for aneric workers (hefatocrit <38%). The 
nator cause o anemrua was iron deficency. (Figure from Basta and coworkers." Redrawn with permission). 

electrons aaoss the mitochondnal membrane, and may have contnbuted to the lactic acidosis. The 
when its activilv is decreased there is an need for human tnals in which the hemoglobin 
impairment in glycolvsts with ai accumulation of concentration is eliminate.dasa vanable istherefore 
lactic acid in the mus'ClC (Fig 15 ) It is this increase apresing one. since the results have far-re.iching 
in lactate levels that mipairs muscle ac-ivitv .. implications in relation to the we".t ,ing and pro. 
While the clinical imphcltions of !hose findings (Ulctviltv of large population roups 
have not been defined, there are two recert studies 
that may have relevance. First:v. the improvement Abnormalitie, in :lltl.i, nrirpho:no id .ros th 
...wor!L c.ipaoty that occurred adil t iron- a.(x ation with deficienin %a% h.ive ben dvtrie.j ii 
deficient men and sixteen adult wormen .ifter the c es of issue iron tmpou:ds !h e Include struc
giving of iron treatment could not be tolaIy ttr., abinom.lici.s in lhe hvcr and rnv'ardium of 
accounted for ty-the rise in hemoglobin concentra- ral,- vrthroNisis lmphtKYtcsa"ndui" trhe ain! 

" I
tions :: In asecond study, blood lacate levels %%ere of rmIr mIirment in the proiheration of red cli 
found to ris. considerably higher in iron-deficwerI precursor'; ' and l1vmph c-,s': hals een as
subjects than in normal individual%, despite the fact cnrbed to a defct in DN, s.ynthA-i,. perhaps as a 

' that 'hii"were unable to cope with the same work result of inhiloion of ribo.ucleotde reduct.,e 
load (Fig. 1f).'" However, interpre!ation of these and it has been spectulated that a %imilar 
latter findings is compliateid by the fact that a de- mechanism may be responsible for the depression 
crease in oxygen supply secondary to the anemia in body growth that is evident in expenmental 
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TABLE VIDEPLETION OF IRON-CONTAINING COMPOUNDS IN IRON DEFICIENCY 

Heme Compounds Myoglobin 

Cylochromrs
Catatase
 

Pcroxidas -s 
Non-Heme Compounds NADH dchydrogcnai 

Succinic dtehvdrogenase 
Xanthine oxidase 
Aldehyde oodawe 
Alphaglycerophophate oxidase 
Pheny'I~inine hydroxytise 
Ribonuicwide reductase ? 

Iron-Dependent Enzymes Lipid pcromdase 
Proline hvdrowyLise 
Lysine hvdruxvlase 
Monoamine oxidase? 
Tyrosine hydroxylae ? 
Tryptophan hydroxytase ? 

Pyruvate Lactate 

NADH+H + r - - NAD+ 

Phosphoglycerote 

Shuttle 

Cytochromes 
FIGURE is 

An idealized schematic diagram indicaing the metabolic block induced by adefciency o1the enzymea-glycetrophosphate oidase. which shuttles electrons across the mitochondrial membrane 
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FIGURE 16 

%UnUimum treadmdl work time and post eemse blood Lmtvate concentratiors in nocr subject and subjeti
with iron d iiency anemia. (Data from Gardner and coworkers"'). 

animals.: and that may possibly also occur in 
man. ' Morphologic abnormalities of epithelial 
structures also occur in assoiation with iron deft-
aency anemia. These include angular stomatitis, 
webbing of the eophagus at the cncoid plane and 
atroph" of thegastnc mucous membrane." While it 
is tempting to relate thec changes to the- mui'ple 
deficienoes of cyto hrorne enzymes, including 
c'tochrome 1)450. that have been noted in iron-
deficient experimental animals, their exact signfi-
cance remains debatable 'he prevalence of these 
manifestations v.ant- so widely that it appears 
probable that other metal dehoencies and perhaps 
genetic factors may play a role in their g.nesis 

The possibility that iron deficiency might cause ab. 
normatlies in brain function was initially based on 
clinical observations in children which suggested 

that they suffered from apathy. irritability and dif
ficulty in concentrating "'- "' However, these 
studies have been criticize; on a number of 
grounds, and their significance remains conjec
tural."' Perhaps a better documente behavioral 
disturbance as%4oated with iron deftoency is pica. 
a compulsion to cat non-foxd matenal. Claims that 
the symptom may be promptly relieved by the ad
ministration of iron'"' ?' lend some support to 
the view that iron deficiency can give rise to this 
aberration Limited though suggestive expenmen
tal evidence that iron deficienoy may. in fact. affect 
brain metabolism has been obtained in the recent 
past Biochemical studies have shown that iron de
ficencv in early life in the rat cau-ses a depleton in 
cerebral iron, which persists long after the repletion 
of other tissues (Fig. 17)." The firt...,g of raised 
levels of s4rotonin and other 5-hydioxy-indole 
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Total non.hemie iron in the brains o normal and iron-defirient ratsare plotted against age. At 28 days of age 
iron-deficient rats were given intramuscular iron and changed to the control regimen Standard errors of the 
means are shown (Figure from Dallman and cowor.er,' Redrawn with permission). 

compounds in the brain%,of iron-defcient rat%ha, )all.nan and co-workers"data" would suggest that 
been ascribd to a reduction in the concentratlons if such a blk exists. its impact would be modified 
of alu.hvde oxidase, ,n envne concerned in profoundly by the developmental status of the 
serotonIn degradation In tere..tingly, ) de- brain at the tim of the Insult. 
CTaSe inImo noa ILLISe. another eryme 
concerned %ith the breakdown iof serotonn, %.vI, There is gtx deal of experimental evidence sotg. 
observed. although !oi%,er concciitration' h,.ve gstinr, that there is a .,Ie'tr.ZcI r'stczdace to -,tiec. 

been four-d ::I pI.1 .e., of iron-deficien ! hlunan lw,, in iron ., in1 arM.id 'hat this involvi.-. bolh 
,uJ.su an...rdI h.1 een sugstehd thi, a1,1iIl- l vmphocte and grano locte fuonction Iron. 

lar deficiencyv a K- pre,,en in the brain - 'he deficient 0.'.ldrel. 1a.1e -en re.por:d to hawve 
clinical r.ev,:ce,. i anyrv. ite.,e 6 ivt'. lw,. per.' ,t, ot I"k :hih -h.. i Ipaired " ,9f ious t,(..henti 
cal obseration, r 4L, 1M or there lniphowvte tra nstorniaa r)n:",irda lowel inlo1rt:1i.e I% 

no: even gen.ril agrt ernt on the. e 'pennm.ntrl dene o positive ii! Ii.. toto common ill
" finding.s A, the ',mi timelihev do rais, the * C; nlo., tt mrrllie..g.n (r, ,ibr wvhich In

Fp)csibilit% of abi chicmal link betwe .1bh. Clude Capacitv to kill E Coll" andvoral a decreased 
disturbance, and biochemical abnor mal ties Staphct,( 0( '. . '" have been ascribed to a 
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deficiency of the iron-containing enzyme myelo- findings concening the relationship between iron 
peroxidas"'- or to decreased activation of the deficiency and infection are confused and the sub
hexose monophosphate shunt."' These changes ject requires further controlled study. 
are rapidly reversed by the giving of iron.". While 
there are a number of clinical studie- which appear The role of iron in the ma,nfenance of body tempera
to confirm the vanous ex"inmental indings, firm ture has only recent\ been recognized." In con
evidence that iron deihcienv i, of real (linical sig- trast to normal rats. iron-deficint rats exposed to a 
nificance in thi, regaird i%,Ill li.king ." U.. temperature of 4C are unable tw maintain their 
Indeed, there i omne reason to believe that iron Nx>dyv temeratures "T7hisisas ixated wth a lower 
deficiency may a tuallv have a protetive effect oxygen consumption and a compensatory in
against irfection% A number of orgarxmxi require .reased ciat"<holimine drive " 'The lesion respon

' iron for their growth and there ixin vitro evidence sible for the inaility to maintain Nxy temperature 
that bacterial growth in plarm1 i%inhibited when i% an impairment in the convers-ion of 

" the iron concentrti(io i%low ' While thi%effect triiodothyronine to thvroxine.W which i%corrected 
may be due ito the unavailability of iron to the within a few days by the administration or iron. 
organims, the pr.-wrnce of unturated transferrin While the relevance of thee findings to man re
may also b important, since ihi,, prote n ha%previ- main%lo be eluodated, they nevertheless point the 
ousl, been shown to havi , -h anti.viral"' and vav to potol !iall, fruitful avenues for future clini
anti-fungal propertie. '"' In suinmar,. the present cal research. 
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V.
 
Diagnosis of Iron Deficiency
 

The initial detection of iron deficiency in an ,ndi- two sexes, it is appreciated that such figures canvidual i%it ually made in the laboratory through only b. used as rough guidelines (Table VII). Thethe recoriw:n of anemia Once the presence of results of population studies indicate that the disanermia has ven es.tablished. tests are then done to tribution of hemoglobin values is Gaussian. with aestab hih that it is. in fact. the result Ironof standard deviation of 10% among apparentlydelIoielc I fovtver. it lluisbe stressed th it!he normal people. .!nd of about 7% when subjectshemoglobi.:i corentra vanenton .on,siderablv in with Iron deficlency are rigorously excluded '" 
normal subjec..ts," %o thai.-%%r dgtr.. of Iron rhe distnbution curve i%skewed to the left in apdeficent, wi!l go uindetetc,l if it I the only mea- parently normal populations by the presence ofureler t:--sed cl'iIthe red :-'dn.-- heIp to decide anemic individuals within such ;)pulations (Fig.%sheth the subl ,li .I rr::(. btit to.lr a Comhplete 18) " When frequenc-, distribution curves of the,)..i inl,; of iron i.llt]s n. evsa.irv to tar,-outit is normal and ianemic populations within each totalother te t. to ddi.e both lic ,idequatN of the group are plotted. considerable insight can besupply of iron to the e.r:hroid ma,rrow (;.nswfernn obt.,ined into the overlap that exists between"atuwation ard fret, erythrti3.ht pro'oiorphvrin) nornal and .irinicsub. tsT 'isisi .sx.mphfiedbyIron ,toresand the s.ize of flie l .I-, (e'rum fertitin the findings in -he pregrinant group (Fig. 19) It isconcentration) apparent that the WH ) Jividing line of I Ig dl is an 

arbitrary -me. An additional source of difficulty inThe VDefboliat of A,:,':,a While it is customary to isths group the considerable variation inset arbitrarv lower limits of normality 
the 

for plasma volume increase that occurs duringhemoglobin concentrations at different ages in the pregnancy. It is thus apparent that there is no 

TABLE VIIHEMOGLOBIN CONCENTRATIONS BELOW WHICH! ANEMIA IS LIKELY

TO BE PRESENT IN POPULATIONS LIVING AT SEA LEVEL*
 

(Data from WHO Technical Report Series No. 40S"')
 

0..
...
..._d
 
Adult miles 

13
Adult females (non-pregnant) 12
Adult females (pregnant) 
 11 

*Modification for alitJde 0 3 g ,lfor each % decreasein oxygen saturation. (Data from Hurtado") ' 
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FIGURE 18 

Prokbtlity plots of cumulative frequency dntributioni for he noslobin con~centrations in Pregnancy. in 
non-pregnjnt ferrales and in inale subfec1s living in Latin Ameai It can be seen that the upper portions 
followed a linear pattern ty.pical of a -single Cau%%tan distribut'jn. Dev.ubon from this plot was minimnal in 
males but wit noted in bo!?, non -pregnant .indpregnvant fcrnul.s- There was theefrea double population of 
hemolobin values in bo~th femaile group%Among non-pregnant femilei 88% were contained in the upper 
population (mein hermolobin 13 1 F, dl) ad 12% fell in the lower disinbution (mran hemoglobin 10 6gdl). 
Corresponding figurrN in the third tnme'ier of pregnincy A~ere 78% (mein hemoglobin 11 8gdl) and 22% 
(meainhernuglob: i9 8ygdl) rc-%pctsvelv. (After Co~k and coworkers RedrjAn by permission of the Editor, 
Blood (38 591. 197 )1 

magic figure dividing normality from abnormailit', has a 20% chunce of being normal, the apparently
and that while a pairticular c-ut-off value can be used anemic value repriementing in fact her physiologic 
to determine the approxinmate prevalence of anemia norm. 
in a popul-ation, the rclrt bilitv with which it carn 
identify the anemnic ind.viduail i%.a matter of When attempting to assess the significance of a 
probability. based on the distnbution curve of particular hemoglobin (oncentration in the indi
hemoglobin values in a representative %ample of vidual case. it isimportant to get informat on on the 
healthy female %ubjects. (IHow %tuch saimple-i can be morphologic characteristics of the red :ills. Since 
obtained hia% been discussed in somic detail in a electronic counters measure the sue of thc red cells 
WHO report)."'' Obviously 'he probability of ind the hemoglobin Concentration accurately and 
anemia being present increases as the hemoglobin di~.ctly, the two indice-s that are of mosAt use are the 
concentration drop% (Fig 20) A non-pregnant mean corpuscular volume (NMCV) anj the mean 
female with a hemoglobin concentration of Ilgldl co.-puscular hemoglobin (Mai). They represent 
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Fitted doubfe populaton of hemoglobin concntration%in the third tnmesrer of pregnany in Latin Air "ncan 
women The vertical hnc depicts thrhem<globin valur uNd to definc.inerja a<codang to WHO rilea. The
higher curve repreents the distnbution of the normal popultihon of pregnant women and the lower curve,
the anernic group ("e previomus tig ) 'Ihea"o.. hatched arej jt) cl g'dl represents subjec<tstfcund arenuc 
by dmtnbution anal-uis but conidered normal b %. 
that portion of the popuLtiion found normil by ditribution .anl. %isbut considered anemic b- %'hfO antena.
(After Cook and cowofkr " Redrawn by pcrmisi)n of the Editor. 

'W110 cnt.na lh- shded area below II gdl represents 

U loJ (38 591. 1971)] 

reli.able diagnostic indicators of iron defioency 
anei.aia. except in those situations where there is a 
dimorphic popu;ation of small and large cells (e.g. 
cmbince iron and folate defioency). Electronic 
Itounter me.iutuemenltr have iiadt, it possible to 
follow the e .uenceof e,6.nt, as the .r'throid mar-
row is progressively depnved of iron An increase 
in thc p'r.entge.(if microc-t.- is the most sensitive 
idnkl (Fig 1). and the II and M.V de.line in 
p.rallel with the hemoglobin concentration until 
eventually the lull blown picture of micT-Nkttca 
hypochromic arienma is apparent. 

Thelindingof.nanermia togetherwithalow MCV 
(-.5fl) and a low MNCI (<2 7pg) usually implies 

that hermoglobin synthesis has been inhibited by a 
curtailment in the supply of iron to the erthroid 
marrow, usuall, due to true iron defic'ency The 
inadequate iron supply can, however, also be 
caused by an :npairment i:n the release of iron into 
the plas-na from the reticuloendothehal system. 
and thi, maV iN. found ,n a variet, of chronic 
disorders " henorlobi i,,vnImipai red thesi, 
re ulting in irrilar morp|holog,: changtes curs in 
thalasemi.a minor. and in .re.is %here the disorder 
is common, such as the Mkdliterlranean region and 
Southeast m. this possiblit. must always b, 
taken into corsidera.ition %'thileother meas
urements. such ais the concentratlons of fetal 
hemoglobin and hemoglobin A:. may be necessar) 
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FIGURE 20 

The distribution of hemoglobin values in a theoretical population of women with amean value of 13.5 di 
(SD =1 gidl) and an a-,sumed 10% prrvalence o anemia. For c.Kh hemoglobin concentration the likelihood 
that it is normal in the individual te¢ted may be read on the vertical auli (Data from lillman and Finch"'). 

for differentiation of the two conditions.:' simple is less than 40 ;4g dl it is probable that the need%, of 
discnminant formulas using bkxi indi.es have the erythroid marrow are not being adequately 
been found useful One example is as follows: - met. However the adequacy of iron supply to the 
Discriminate function %1('V - RC (5 x I 1b)  marrow correlates better with the percentage at
3.4. If the r.-ul' i, positive the i.ignois is iron uration of transferrin, whi-h decrease in parallel 
deficiency, while a negtive reult suggests with the plasma iron concentration. lhis decre! e 
thalasscira trait ' is due not onliv it) the lowered Iplanm iron colcen

tration, but ilo to a concomitant increase in the 
Iron, [)¢e'¢cft',/r4j: tj o)' :, l'% it amount of transferrin ': The normal mrian pl.isrnameasurements 
are useful for a,esing the .idtuv of the iron iron-binkfing capat~% i% . out 330 1g dl (St) - 25 
supply for hemoglobin thesis lhese are the g dl); in iron deftient" the ctra tranferrin us t . 
percentage ,aturation of the plasnm iron binding ally raise' it Ito between 370 and WO pg dl 
protein, tranferrin, .19rd the red cell Wiy this should be -,) is not known, but together 
protoporphyrmn conceitration Wh,'n there is not with the lowered pl,,.nia iron concentration the 
enough iron entering the pilasma, the plasma iron consequence isthat the tranisferrir' .aturation drops 
concentration f.lls progressivelv from it%normal from its normal value of 30'.-40% to low leeels 
kvels (mean 115 ug dl. S1) t 40ug dl) and when it Once it has fallen belowv 15%. the delivery of iron ,' 
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The sensiti,'yof vinous herutoloc measurements in detecting Wood donors with low transfe'mn Satura
tions (<16%). (Data from England and coworkers') 

the erythroid marrow is severely compromised." that the plasma iemtin concentration bears a linear 
When the supply of iron to the developing red cells relationship to the body iron stores" -"'-' and it 
in the marrow is subopt'ini.;:' not all the porphy- therefore provides an invaluable guide to the iron 
rin being synthesized 'in be made into nutritional status Ithas been erqployed for both 
heme. "" '" :'."' ',Asa result, the(oncentration clinical and -pidemiologic purposes. Each Ag 
of protoporph"nn in the circulating itdl.ells nses fcrntin I plasma is equivalent to about 10 mg stor
above normal The normal figure for free er.'throcx- age iron, while figure%lower than 10.12 pugl indi
tic protoporphvrin is about 40 ug dl red :ells. or cate virtu.al exhaustion of the body iron 
somewhat Il-%%, 1 molethan per 20,0) moles of stures. ;'';"'"' :1 In a recent epidermiologic study 
hme If the f gure is greater than 70 .Agdl red cells, survey was carried out in normal men and women 
the iron supply to the erthrold marrow can be in the United States (1-:, 22) !:In females, values 
regarded as suboptimal stayed low until the menopau,t.at which time they 

began to nse, presumably as a result of the cesa
Av¢c rn of the Ire',t Reserve The must convenient tion of the menstrual iron drain In males, there 
.ardshck of the b.v iron reserve is the plasma was a steady build-up in ferritin concentrations 

ferntin concentratMn, since it can detect the first throughout adult life. Since the figures in later life 
stage of :ron deficienc., namely a reduction in the suggest iron stores .omewhat greater than those 
size..of the stores. Tnere is now abundant evidence found in necropsy studies,' it is possible that other 
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factors may have modified them. In this connec- In summary, therefore, the most useful tests for the 
don, it is noteworthy that there are a number of 
disease states in which falsely high plasma femtin 
concentrations may be found, induding liver dis-
east, leukemias, lymphomas, cancers and infec-
tion.' However, there is no condition other than 
iron deficiency in which it isreduced to very low 
levels and a plasma ferritin conccn:ration below 12 
AgI implies that stores are exhausted or almost 
exhausted. Information similar to Ihat provided by 
the plasma ferntin concentration can be obtained 
more directly by histologic examination of the bone 
marrow for hemosiderin granules in the re-
ticul(oendothelial cells While this traditional and 
well-tned methxd of assessing the size of the body 
iron stores is sill useful in the clinical work-up of 
individual patients, it is not suitable for 
epidemiologic studies. 

160" 

120" 

40

0
0 2b 

evaluation of iron nutrition are the plasma fermtin 
concentration, the percentage saturation of the 
plasma transferrin, the red cel: protoporphyrin 
concentration and the hemoglobin concentration. 
Current concepts cencerning the relationship of 
these various measurements to each other and to 
other indices at various %tages of iron depletion are 
shown in Fig. 2.3 For the mildest degree of iron 
deficiencv, amounting to a reduction in the body 
iron reserve only. ti-: plasma ferntin concentration 
provides the only convenient vrdstick Once the 
deficiency of iron is or sufficient severity to 
compromise the supply of iron to the bone marrow. 
this is most conveniently a,ss-s,,d by a fall in the 
percentage translerrin saturation and a ns in the 
red cell protoporphyrin concentration A raised red 
cell protoporphyn n concentra:ion indicates that 

males 

4b 608 
Ane()ea's) 

FIGURE 22 

Median values for plasma feiritin concentrations in male and female subfrcls of different ages. (Data from 
Cook and coworker." Redrawn by pmisslon of the Editor Blood (48449, 1976).) 
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Sequenta Changes int 

Normal 

Vo r es 

Erythron Von-

RE Marrow Fe(O-6) 2-3+ 
Transferrin BC (pg/dl) 330 30 
Pksma Ferritin(pg/I) 100±60 
iron Absorption normal 
Plasma Iron (pg/dl) 115±50 
Tronsferrin Saturation(I) 35±15 
SkIeroblasts(%) 40-60 
RBC Protoporr 30 

(pg/dl RBC) 
Erythrocytes normal 

Devebyment ofkon Defiiency
 

Iron Iron Iron 
Depetion Def Deficny 

Erythropiei Anemia 

0 0 0 
360 390 410 
20 10 <10 

t t
 
!15 < <40 
30 <1 <10 

40-60 < <0) 
30 200
 

normaonormal [ p o n 

FIGURE 23 

The sequence of changes induced by agradual reduction in the iron content of the body (Reproduced with 
perm .ssion from Iron Mete diasm in Man"). 

less hemoglobin is being synthewed than normal. 
That the inadeqjuate supply of iron for hemoglobin 
synthesis is due to true iron deficiency rather than 
defetive release of iron to the plamaa occurs ina 
numNer of chronicdi.order,. can be confirmed bya
low plasma ferritin c ncentration, or by the 
absence of ,tainable iron in the [,one 

.


marrow. 
.hanges in the red cell indices require iron 

deficiency of foirlv mar ed degree which has been 
present for long enoutgh for a ,ignificant proportion 
of the red cell population to exhibit the
characteristic morpho!ogic feaure . 

The dilferentiat:on b tw n true iron deficiency 
and a restncted supply due to chronic 
inflmmation and other chronic disorders" is made 
on several grounds With infeiton. the total iron-
binding capacity is often reduced rather than 

raised, the percentage saturation is normally bIlow 
15% and most importanti), the plasma feriin con
centration is usually above 100 jug 1.:'-':"'v ':'
 
When there is concomitant iron deficiency. the 
plasma ferritin is thetwevn 20 and S) jig1 Differ. 
entiation from defect% in porphyri and g,lobin 
,ynthesis is not diffi(ult. since the p!ama ferrtin 
concentra ion is normal or raised, while both ilt 
transferrin saturation and the red cell protoporph,. 
rin are, normal 

A 'I:t/ .C-, of Ir'. Status of .,i1' ,I.-o: Since thc 
senllitvitvaid spec fii tyof tie four ine.iurenn ts
of iron svatus vay wdely, attctpt. haive ben 
made to use theil in an intg; ,.ted way in order to 
defi ne more precisely th, iron nutrition of 
population group% ihis info..nation is particularl, 
ntesary in evaluatine t-1, ffeciivene%% of iron 
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supplementation and fortification programs.'"' 
In the past it has been customary to determine the 
percentage of values outside the normal range.
When this was done in one study it wa.; found that 
if oniv one of the measurements wa; in the iron 
defioent range, the prevalence of anemia was only def-iitln hiher (I09%) than n the populaton as a 

whole (8.3%).: When two were abnormal, the 
prcval,:nce of anemia rose to 28'%and when all 
three were abnormal it was 63%. It is, however, 
difficult to relate such figures to other populations, 
since they mut be influenced by the prevalence of 
othercaus of ar~emia 

In one recent study an attempt was made to give 
weighting to each of the measurements of iron 
status in order to estimate the distribution of iron 
stores in a particular population." In this model 
(Fig. 24) four grades of iron nutritional status are 
recognized. 

I All measurements are normal. The xdy iron re-
•.rve in this group is obtained by assuming that 
each I ,g ferntin dl plasma is equivalent to img 
storage iron. 'his is, in fact, the calculated weigh-
ted mean for this relationship as obtained in several 

Normnl 

Iron Stores (mg) 

-600 J 

Pkisma errftn(pg/l) 60 
Tronsferrin Saturation(%) 35 
RBC Prolpophyrin (pg/dl) 30 

Hemoglobn (g/dI) >12 

studies."'' ' ' (Calculated stores (mg) - plasma 
fermtin (g&'1)x 10]. 

2. Storage iron depletion ispresent when the plasma 
ferritin concentration is less than 12 pgll. In an 
attempt to obtain further precsion it was assumed 
that if the hemoglobin concentration was above 
12gdl and one of the other two measurements 
(transfemn saturation or red cell protoporphyrin) 
was abnormal, then no storage iron Was present. 
3. A latent hemoglotin iron deficit is present when 
the findings are similar to 2. except that the 
transferrin saturation and the red cell 
proloporphyrin are in the iron defiacent range. Thisis assumed to imply a hemoglobin iron defict of 
150mg. 

4. An overt hemoglobin iron deficit is present when 
the hemoglobin concentration is less that. 12gldl. 
The defiat can be calculated on the assumption that 
Ig:dl hemoglobin in a 70kg woman is equivalent to 
150mg iron. If the hemoglobin conc,.'ntration in a 
normal woran is taken to be 14g dl. then one of 
11-12.gdl repr.-sents a hemoglobin iron defict of 
300mg. one of O- I Igdl a defiot of 450mg, and so 
on. 

Vron Iron Iron 
Depletion Dekflent Defcen 

Eryftopos Anemi 

/ 

<2[ <12 
35 <161 <16 
30 [100 >100 

>12 >2 <12 
FIGURE 24 

Measurements of imn status in relationship to body iron stores (mg)- Negative iron stores indicate the 
amount of tro, that must be replaced in crculating red cells before iron reserves an re-acumulate. (Data 
from Cook and Finch." Redrawn with permisuon). 
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Using these various assumptions, a cumulative obtained with the model should therefore be
frequency Jistribution of iron stores was treated with caution until it has been tested further. 
construct. )fl data obtained in an epidemiologic 
studv that had been cimod out on 426 women in 
the. orth ,%estern United States (Fig. 2 S)" The me-
dian %toreof iron was calculated to be 22 0mg %,th 
low cr ond upper tenth percentiles of 240mg and 
7 (): rc%-Cctav.l, 

While itis apparent that the model gives plausible 
risults, at as based on a numb.r of assumptions, the 
uhie of which is the quantitative nature of the 

relationsh~p between the plasma ferritan concentra-
hon and the size of the body iron stores. Results 

75

50

25

'I0

p 

-900 -600 -300 

In this regard, it will be of interest in the future to 
evaluate the effect of iron supplementation and 
fortification strategies not only on each of the 
measures of iron status but also on the cumulative 
frequency distobution of iron stores as calculated 
from the individual measurements In addition, in 
such studie, it will t important to evaluate the 
effect of iron fortification of the diet on the iron
replete male population, sice the possible risk of 
iron overload has excited spinted debate in de
veloped countries . 

I I 1 

0 300 600 
kon Stores (mg) 

FIGURE 25 

Cumultive frequency distnbution o iron stores an 426 women In vanous r ions of the curve, the points 
were dernived from srum ferntn. (U)tran.fcrnn saturai on and or free en'throcyle proloporph) nn (A). and
hemoglobin co,centriahon (0) as decribed in te t (Aflter Cook and Finch " Redrawn wath permrsaon) 
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VI.
 
Prevention of Iron Deficiency
 

Nutrittonal iron deficiency can be.prevented tither 
by identifyingthe vilnerabll m'mberiof thepopu-
lation and providing them with iron supplements, 
or by forlifying the dilt ,'ith iron so that the iron 
11Writion of the whole population I- improved 

Iron Supplementation 
sutplentatr.on I vekcs the giving of InIron 
Int.dit i.I form rI hi Is oft.'nl the onlh t.aib.,1 p. 
l, h x hntIi) h.. s .I rteuret inen t nd ,i r!,,t' i r : 

,rv;.iie' short 11:tie ,5 ) i .1, w' LJr's during preg. 
.in ' -' I he pcr.v.afL-e .1imemia during th 

third ",nt'i r .is jutged I,. ...- '.%: :' I r.:ion of I 
he in;I;Iobi n Con Cell it i: (,.-,s han II g dl h.is etn 
s;|u.JI I:i nunit.r of (ounti., dur; ngthe lts 
se eral %vt% ' -. "" While he ,, mJ1ples 
!+v-%td %cr. :os'.! %o:nwn miom the lower st~io-
. e:ion)I1t xIr.i who w%c. I. ,tterldink. hoio .1 a 
.1lIvt'i,.itil 1hri and thus -,t, evre i-ot esinl % 
r(Iirw,;.n!j.i v 0l hol"e population, the"preva.Ithe %%. 
en-e of .nt-nia iw the %elected groups was ex-

trenul. high int . num~br of count., (Table VIII). 

Although other deficiencies, and especially folatc 
deficiency, were probably contributory facon to 
the anemia in many areas, it is noteworthy that a 
transfermn saturation of less than 15% was present 
in e1tw-en 40% and 50% of the women studied. " 
Thes figures therefore underline the need for iron 
supplementation durirg pregrnan. ."and al.o in 
diute thiat thereiare maniy eas of the world where 
i, should be given together with folate supplemen

a t. I:1 tihis conltwk. t be stressed that whileto ,it mus% 
the i-ed for ,upplen'-rtal iron i%greatest in Je

veloping ara.Is. it ilso exists in afluent cieties. 
Ihl oint %sIt underlintd I, .I study carned out inti 
,wed ent arrg .ind 'o.o1kt.:, (1975) There 

w.i,+-t pro;rssive falin the henoglobin con entra. 
lion .rnd herna.i.rit In a group of%women given a 

11% 
the pla iron toricentr.ition , da ne in the total 
place) (Fig 26) ha,.a,,accompanied by a fall in 

ironbirding capaCity, with the reult therethat 
was a steady dropl in the Iransfern n situration (Fig 
27) rhese changes were significantly less in those 
treated with 20mg ferrous iron dails. By md preg. 

TACI.E Viii 
PERCENTAGE OF PREGNANT WOMEN IN THIRD TRIMESTER WITH
 

HEMOGLOBIN CONCENTRA1lONS LESS THAN 11 gidl.
 
(Data from Baker and1 DeMaeyer:' 

Poland 22 Intha 
Latin America -Vellore 

(7 countries) 25 -Dehit 
Venezuela 37 Israel 
Mexico 27 Burma (Rangoon) 

56 
80 
47 
84 
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Hemoglobln Concentration 

13-


S12-
II-


Hernatocrit 
-38- 11 

36

34
, , , 32 1 , 

34- MCHC 

S33 
32 , ,,1 

12 16 2b24 28 3236 9 
Weeks of Gestation Weks 

Post Partum 

FIGURE 26 

The mean (-SE) hemoglobin concetration, hematocit and MCHC in prtgmnt women treated with a 
placebo (open crck,.) or 200 mg ferrous lron (black asdes) dady. (After Svanbe and cowodrim). 
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TIBC
500-

T300 , , T, 7 
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100

50 1 , , , , , , , /, 

50- % Saturationof 7ronsferrin
40

30- . 

20
10- " 

40 1 16 210242832 36 

Weeks of Gestation Weeks 
Post Partum 

FIGURE 27 

The mean (±SE) total iron-binding capacity. plasma iron concentration and percentage saturation o trans. 
fenin in pregnant women treated with a placebo (open crck ) or 200 mr fer'ous iron (bLack circles) dady 
(After Svanbe g and coworken'). 
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nanc. there was a modest drop in the hemoglobin 
concentration and henatocrit but they rose again
towards the end of pregnancy. The plasma iron 
con entration remained virtually unchanged 
throughout pregnancy but there was somedrop in 
the tansfern:i saturation Thi% wa. due it)the fact 
that the total iron-tinding cap. +y.which reflect% 
the ariount of circulating !r.lnserrifi rost,steadily 
throughout pregn.anc- nst Wlhe %.sjreu niti. 
the reult of sonic hornmonal change mnd .s.Is no! 
due toiron leficient itsi rltict.iriget-S 
(\C.urringr d3irj;pr %%.I% oht.int' in 1 

id i1eso hld the p! t mo cr1.*I,fvrnii tratr.ih:i 
%.I% .urt-d .Itv.ir:ou, Jotjov pregnancy (Fig

28) ' In womien not rce,'vin: irov "uplvrhelts 
Otere. %%.Is I progrt sive t.ill Ironit th twelth wev5k 
on1s ,ards to) ;Iiv:: i+JIr .(it 1,1aterill Ihs f.ll 
presn-.. lJ retllec.|ex the iiubihizatiori of iron from 
store'S litco:tra%-.. Igroup receiving, i g terrou% 
Iron dlv sItil had Imian plasma fernrtirn value of 

S1at tvrmn 

Some guidcline as to the dorages of supplemental 
Iron required have ben obtained in studies in 

10

80

20

16 

which iron absorption has been measured at van. 
ous stages of pregnancy. In one study, the absorp
tion of a small dose of ferrous iron (O.i6 mg) was 
measured at vanous stages of pregnancy. There 
was little change in absorption dunng the first 
tnmestetr, with I drarnatic increa, o-c¢urnng dur
ing the second and third trim.sters (Fig 29) 
Somewhat differtnt rtsultls were obtained by 
Svant'vrg and co-%%orkt-r 1.1a study In which theY 
;measured the aslorption or I dose of f-rrous,(rm 

iron wfhtn fed togeher with .Isandard meal of 
-161004,1.,i variou satag of pegni ficy Ahsorp-

I orn w'as .i tuallv-.;''csscI dur;ng the frst tnmester 
Irom a nornal me.i figure of 7 2'. to 1 5", In the 
s'coind Inni- ster it %%.wis8'X aid only in -ht third 
Irl..ieSter did I,!ist it)4 0;'o Recerint d.11. su rgt
!hi.I-I i developed cou:ntries fhthre is a nilCrease in 
erergy intake d u rinrig pregrci n from about 
17()kcal per day it)21(00 cal per day Siric the iron 
content of W'stern- ypt, dies isIurpnsirgly con
slant .t 6i lc)k. ' this re'prtesents a total 
Intake of 12 6mg daily, including 0 7 5mag heme iron 
of which 33"o would Iv expc etd to be abscrbed. 
Calculations based on all threedata suggest that the 

24 32 40
 
Weeks
 

FIGURE 28 
Plasma ferntin concentration in two groups of pregnant women. The one group (open crcles) was not givenan iron supplement, whole the other (black orcles) was given 90 mg ferrous iron dady (Data from Fenton and 
coworkelrs"). 
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100

:80

o 0 

208 , , , , , , ,
 
12 16 20 24 28 32 36 40 

Weeks 
FIGURE 29 

The changes in iron absiorpton that occr in pregnancy (Data :tern leinrich and coworker'"). 

total daily iron absorption for the three, tnmc.-ters 
from a diet supplemented with 30mg ferrous iron 

9would amount to 0 mg, 2.7 mg and 6 5mg -pec.-
tively While certain assumptions have been made 
in these calculation,. the figurt- do suggest that the 
3
(-g daily iron supplemYent given with ftxl in 
bvanberg and co-worker." stud%: was not reailly 
sufficient to meet the nteds of pre'nancy, and this 
was especlally so during the second trimester 
Were the supplemental iron to be given bet'ceen 
meals rather than :u-I, meals. absorption would te 
,Xpected to be almost twice as great.' but com-
pliance would N. les, since it is easir for suijbj.ts 
to remember to take the prescribed iron at meal-
times than in boween meals P X~r complianceis by 
far the likeiiest explanation for the failure of I 
prophylactic regimen or course of treatment with 
an iron preparation In one study only 68 o of a 
group of pregnant womer w're found to be taking 
their iron supplement% as ordered, and of those 
whose hemoglobin concentrations were lower than 
12gdl at term, only 25% were doing so 

In practical terms the actual daily do ge of sup-
plemental iron required dunng pregnancy is af-

fecled by a number of considerations. In popula
tions where the prevalence of iron deficiency is 
high there are man%.women who enter pregnancy 
aIr id' uffenng from vanous degr,.es of anemia 
In such a situaltion full therapeutic doses of a %%ell 
absorhed iron salt at-,obviously needed On the 
other hand, in many tie,-eloped coutnt Most 
women enter pregnanc- not only with normal 
heriioglobir conct'nr.atior, but ,ik,() %%with a reserve 
o iron of 2X) to )mg 'the supplementation re. 
qulred inI such instance is Iess. since all that is. 
really required is a daily dose of iron sufficient to 
neet the increas.d needs of pre;nantv . which in 
tbe econd and third tnme ,te , reach figurts of 
atoult 5 to 6n;g daily This should preferably bt* 
given once dai! with a meal, to ensure maxim~um 
compliance In Scandinavian countnnris most non
alnmlc vomen are given ](X)ig daily as ferrous 
sulfate (slow release) from mid. prernancy until 
ter-T. Te rationale for this do ge sclhtdult. is a. 
follows in the .ntenatal clnic it Is often difficut to 
know whether a particular woman is irondeficient 
or not, since only ,ih'em.wglohlr estimation is usu
ally carried out. Ii such a'r.umntance., it seeims 
reasonable to choose asupplementation dose suffi. 
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aent to meet the needs of; .egnancy and to crrect 
minor degrees of iron deficiency. An alternative 
approach is to administer a smaller daily dose of 
iron (40 so 60mg) as a simple ferrous salt on the 
basis that compliance is adversely .ffected by 
side-effects and that side-effects are dose-related 

While suppl'mentation has a major role to play in 
developing countries where ron deficiency is 
common, there are many areas in which the dosage 
schedules recommended in Western countnes do 
not apply. This can be ascnlb.d to the fact that a 

large number of women enter pregnancy not only 
without a storage iron reserve, but also with a 
hemoglobin defiot In addition. 'hey nay only pie-
sent themselves in the latter part of pregnancy, so 
that a limited time isavailable fo, intervention. This 
was well illustrated by two studies which were 
camed out in lr.dia :"' In the first of these 
studies, vartng doses of iron as ferrous fumarate 
were given under superv.sion on a once daily basis 
for twelve weeks, with most of the women also 
rc~eiving supplemental folate and vitamin fi: ; 
The best results were obtained with a single daily 
dos of 240mg. but ev'cn in this group the h- moglo. 
bin concentration did not rise above 1Ig J'tin -)O, 

of the women. These results were explained on 'he 
basis that the total daily n,-eds during the pnt of 
supp!ementation amounted to 15mg. which wIs 
more than wouldN'.expected tobeabsorbed from a 
single daily d(e of iron "' In a second study, a 
daily dose of 120mg iron per day as fefrous sulfate 
(Fersolate. Glaxo l-boratons,. India) for 10 to 12 
weeks caused a mean nse in the hemoglolbn con-
centration of I 12g dl in a group of F regnant Indian 
women at 26 ttwo weeks of ge-ation Calcula-
tlions based on these data %u;gested that only 
3 24mg of the administered iron had been utilhed 
daily for hemoglobin production as compared with 
a figure of 5.18mg when rep,'ated injections of in-
tramuscular ir3n-dextran (!,ifeton. Tata Fison, In-
dia. Ltd) were givcn :"While the reason for the 
relative nialabsorption of iron in these women was 
not elucidated, the results do underlin the dan-
gers in extrapolating the findings from one country 
to another- If an iron supplement is to be used. its 
effectiveness must be tested under field conditions 
in a representalvesample of the group to whom it 
is going to be given. It is only in this way that a 
correct dosage schedule can be ensured 

While parenteral iron represents an effective alter-
native to oral iron in those areas where the required 
daily supplemental dose dunng pregnancy is large, 
it is really not a practical proposition, since such 

preparations are expensive and na) cause severe 
reactions. The current need is for so'ne stable form 
of oral iron that can be given on a once daily basis. 
which is well absorbed and yet dows not have un
pleasant side-effects. '"Ithas been calculated that if 
a 50kg woman presents at 24 weeks of pregnancy 
with a hemoglobin of 8g dl. her total ironi require
ment for the remainder of pregnancy is approxi
mately 1250mg This mean% that if she is to be 
treated over a fO0.da.y penod, she needs to abiorb 
12 5mg daily. ' While ,lis posib!e to achieve this
by feeding a single dail supploment of about 

17 5mg iron in the form of a soluble ferrous slt, a 
proportion of individuals can N' expected to ex
penence gastrointestinal %ide-effectsat !hi, do.sage 
level :* When such side-effects occur. many 
women stop taking the tablets and may even slop 
attending antenatal chnics, Alternative approaches 
therefore seem warranted One alternative cur
rently being considered is the use of one or other of 
the controlled-release preparations. which might 
be expected iohave fewer side-efictis While the 
relative efficienc- of several of the preparations 
cuirrentl,- available on the market has not tw' 
adequately documened, at least one of them has 
bee.n shown to be absorb'd it)the same de;rcc is 
ferrous sulfate when given in the fasting stale and 
30% be-ter when given with fxoo ' In addition. 
it produces significantlv fewer side-elects rThe
 
maljor current challenge Is to develop effective 
preparations at costs which are competitive with 
-hose of convention'il iron compounds 

Iron Fortification 
'he term "'fortification" is used to describ "the 
process whereby nulric'its .re added to foods to 
maintain or improve the quaihty of the diet of a 
group, a communitv or a population. "' It is an 
approach which can be applied to large populativ. 
groupsat low c.st, and it has theadvanLtge that die 
identification and cooperation of actually o: ;oten 
tiallh- deficient individuals is not aprerexjuiitc as it 
is with %upplemenlation There are. however, 
many practical and theoretical problems relating to 
fortification programs This is espetially true in. 
solar as iron fortification is concerned, and in recent 
year- there have been a number of rep)rls in which 
these problems have been discussed and 
guidelines for the planning and implementation of 
such program have en laid down 11" ': : If 
effective dietary fortification is to N- achieved. a 
series of steps must be followed (rable IX) 

The itital iron nutritio n of the population must be 
evaluated before embarking on any program of for
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TABLE IX 
STEPS IN I HE ACHIEVEMENT OF EFFECTIVE DIETARY IRON FORTIFICATION 

I. D.'fir'e the iron nutntion of the population. 
2. .lecta suitab'e iron compound. 
3 Choose in appropnate vehicle 
4 EstabisI%the acceptability of the appearance, taste and shelf life of the fortified vehicle and of 

typical meals containing it. 
5 Measure the alsorption of iron from meals containing the fortified vehicle. 
6. Check the effectiveness of the fortification by a field trial. 
7. Monitor the iron nutntion after introduction. 

tification In this context it is particularly important 
to define the prevalence of iron deficienc, in preg-
nant women, since it provide-s a uselul guide to the 
overall state of iron nutrition in the population as a 
whole If the prevalence is such .% to warrant inter-
vention, then more iniformation must N- obt.ined 
on the etiologic factors invo!ved ,and or" other deft. 
clnc' slate'. In tis .o:gtt. a le-ir distinctn can 
be nI.ide bet,wen induti'alhed counitr l' on the 
orle hand, arid developing count% t:*% the o;her. 
In the former, iron ntln!on is c:o'.~'e! correated 
with the towal c.,lon. intaike. s.ic theifon content 
in mised We .trn.type dits is vr constant, b',ing 
.ipprosti.a.,, 6mg I()K'cal I.I owesetr, in de-
%velopmrCountries p.rticlar .tltention mtst be Ji. 
rected toward%non-ph-so-gic iron losses,such a 
N')okkol.m itifestalton. ai-d towa.- the niaiure of 
the diet. ",ince nut ritionial iron deficiencytl iv be 
dut to .1 low Iron ir1 take, ! lw bio ailabilit- of 
the dietary Iron, or to a combination of bolh fac. 
tors " If the iron defu nit. is lIargelv the result 
of hookworn infestation. then hc expec ted effects 
of iron fortificition m.i bte I, iuti.v Vitit'd by die 
fact thatI incresed iron ,itbsorption aind hence 
hetoglobirn forniition is par,lltvd b- increased 
hemroglobin iron lo ses frirlo he gl i;litf problem 
1i ont of bio., vail.iblv. .i distihrnction lust be 
made t'twevr the intrinsic iron it, the dte .nd 
ettrarius coiltait na tir, iron, such is dirt Some 
dits conLtain a lot Of contariniatir iron which is 
not .b'orbed. but the bio.avilabilitv of the renl-iir 
ip, ilnrns:c iruinr nilv ' )e If thi%is tihen i t god 
case. then fortification tif ie diet with iron could 
prove effective Oil the other hand, if the itrinsic 
iron is |poorly bio.,aval.ible (v F .1 ai'e dw:t), then 
fortification with iron is unh kely ;t. bte effective. 
sInce the added iron will be ,is loorl. absorbed as 
the intrinsic iron ' In stuch circumstance-s it may N' 
more appropriate Io atternipt to improve theabsorp-
tion of the intnnsic dietary iron. for example by 

increasing the intake of ascorbic acid. This has been 
shown to enhance the absorption of the intnnsic 
dietary iron as long as it is not destroyed du nng the 
preparation of the food. It will withs!,lnd bxvling. 
but is oiditd and rendered ineffective by the 
higher -emperatures of baking :" Ascorbic acid S.. 
ho tever.relatively eptnsive and current efforts 
.re being directed towards finding effective but 
cheaper alletnative'%. 

The Choice of .1 sUtabh.e iron contounid is of 
paramniount importance, since there is g xti evi
dence that many of those used in the past. sutch as 
large particle reduced iron. ferric orthophosphait" 
.1id ferrnc pvrophos phate .are all poorly" an. 
sort.'d : "" In assssing the suitibilit" of any pro. 
posed compound it is helpful it) measure its ef'ec
t1.less agaln t -hat Of 'rrouls -ulfate, which i% 

highly b:o.,availae filte niethids by which this is 
done lave varied '- hle tung chicks and rats 
h.1%e'en widely" tused as%,aninial miics in tstieig 
[te relative bio.avail ii, of differen iron com
p0 rids. 'd seces differlces and ieth 
oloogic: difficultics have t's'devi!led the interprta 
lion (if such d.at. and (:rrt'itlh ,ittentorn is L.ing 
directed to im. :-;!,o tests ii rned t rla.isuring the 
rel.al ive solubilit' o4 .a %arive! of iron rmpournd% 
.1ild of diet.r iron ii. hydro fh'ric ,td. ; ' " in 
pepsi.hvdrt~hlt~rc.iod ni tore'.. aiid in gat r" 
juIe'ice loweve. . he tilli'la.i test of .invsCor.
pound is the direct riie.isurenien t (f its bNo
availability in ian when fed in !t-preser.talive dit10 
cunsumed bv the popolation corncerned The coni
pouindt% are currently used are listed in I.ibk'"that 
X W 

Current data suggest that the iron from most of 
these sources is relativ.e'lv well absorivd. Former 
problems relating to the abiorbabilitv of iron pow.%
ders have b'en largely overcome by reduction in 
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IRON FORTIFICANTS 

COMMONLY USED COMPOUNDS 
Ferrous sulfate (1.0) 
Iron pow,'dcrs 

(a) reduced iron (2 3) 
(b) electrolvtic iron (4 .5) 
() carbonvl ion (4 9) 

Fernc orthopho%hate (2 5) 

TABLE X 
(INCLUDING RELATIVE COSTS')'" 

LESS COMMONLY USED COMPOUNDS
 
Ferrous furnar.v (3 51
 
Fetrrou-s gluconate (5 (.)
 
SibXu ni iro F" h C2 9)
oip'h'.'c 


Ferrous citrate (I 1 U)
 
Ferric gycerophosphate (17 6)
 

EXPERIMENTAL IRON COMPOUND 
Stxdium ferric : I) IA (4 2) 

*The relative bio-availabilty of the iron compounds has been taken into consideration in 
iss.'sing costs 

their p.rticle s:,ie and surface area For esample, if 
'heparicle sie of reduced iron is sutffioiently %mall, 
it is a orh isIwll Isthe iron in fe"outs sulfat, 
when baked into bread rolls : It h.as ,i1so been 
shown tha! the relative .,to.p'ior of iron =i fernric 
or thophosphate is ,inilar:, .ffected by%partic' 
sie - 1Iot-*eer. thete is evidee, that it*is not 9w 
par:'!eie, c 'hat is te 'lo.adeterniman t of 
l-e amou nti ofr a .ilr iron Comnpound thatarea.. :c-
Atof' ed Ihe rtivj. e surtace I. . ,dtih .-dis,.%o!u-
:Ioi r.1tin. droJilori+ at,,,hl% are".Iter." t'lors 
In chotosi ,;a partlu!ar co-ponid t!it r -reoher 
importatnit (0o:s*i%1ratto:i re.l.t:in: !o p-ssi,'. re.( 
ion%w%ith c;ther the vehicle to %,hi, i i! is added or 

othe. wo:1potinds. of the fie! itbs hilh den'I)'v 
irol - may+ di'f,It evenlIv. u;( distrilbute t,. 
in powdevred foods. while irotn: r.,r. iav IN-r 
moved ,m.gertIh.,nyoed Itorerie rl con-
1.1mina nts during todi ,rt.si '" : .)ite 


other h.aind, morfe rac ve cornpoL;nds. stch . 
Irrots suilla!-. mia. tv..wsiLi.,I with I :ato ter of 
Lirsdtsrab.e chan es tiriotd. incltding ofo. ,!ors. 
•O.ors a t -.Ia 6ors, ( )I !he mtore recen [I% tet-Ied 
corilpoLi rids,. s-,|.irniron. F 1) A holds o:oni pron,-
ise I! ha. tied .intags, of K-.. o! eslab). ex. 

h~lag~rni *itilnon.; hienie t ion.od ad becauk'e it 
:sles. .t,.ti t) inhibitorv Igands iri poor 
dt. , more ir :,.1.tu1llv .absorbe.(d irorm the 
non herme iron lpo)l present i the neal than if it is 
fortified with fTrrous sulfate. " :' 

The choice of a vehicle for the iron fortlificant de
pends on a number of factors It must obvioui. , 
adietary (onstituent consun-ed by large sections of 
the population, .ind should ideally be manufac
tured i! r'lativelv fV% production cenrs, so that 
Addition of ,he fortificant can be monitored. The 
fos! %%ide!v fortii .I food. items in Westr,n oun. 
t ,s .1.e cereals. and it has bc',n estinated that 
14.4:,ng reduced Iron can I.added per kg wheat flour 
without affecting its p.1tatbility and slhelf life In 
th United Kingdora average floor consumption is 
about 15k per person per week, but itthe United 
St) le% the figure is only about half as much " . 
Many infant fo s and milk powdtr, for infint', are 
rotitc!v fortified %"ith vanous forms of iron. The 
bin ..vai!abilitv ot stich iron is strikingly improved 
w s'rb acid is present (Fig 3 )) ': %i Bev% 
et'. .also represent potential veickl.-s for iron and 
h.ve the(. adv.in te that thi additive Cal, to some 
dere., N restrwitd to(-rtin target groups, since 
the\ are generallv%consutmed by identifiable seg
nieni of the popil.tion Itother counrines special 
probeis r-.a, r:%t"'v,. uts of t he d IIn a .ecen'tra'atitohII 
of f(sj| producion. .ind -''.ius some of the major 
Cere.l slapcs do :ot ]lnd the:1selv readily toiron 
fortification For example. rice is often washed be
fore cooking. in.l this niav rem:iove the .idded iron. 
Other posble vehicls are table sl,.at and sugar. A 
I cical problem with sall is its ,endencv to dis
c:: fortified with iron and or ascorbic acid.color whe' 
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FIGURE 30 

The improvement in the absorption of iron fortiticants due to increasing the ratbo of ascorbic acid to iron Theratio of the amount of iron bsor bed from the fortifiedJ fx luff to the amount absorbed from astandard doseof ferrous ascorbate was used a.s ameasure of iron absorption, since the ratio corrects results for individualvijrton in nuintional status (Key to figure -0 infant milk fo-,da; A infant cereal ,B. infant crral C)
(After Derman and coworkcr,") 

particularly in hot humid climates :1 ' This is decision is made. As mentioned earlier, the finalparticularly ,) with coarse c(x)king salt. The prob- choice will depend not only on the d- gree to which
lem c.n. however, he overcome, at least par- the addrd iron is absorbtd, but also on the conhalv. ' and two preliminar" tnal using salt sumer acceptability of the fortified vehicle, includ
fortified with iron havealready bven reported :: iing the appearance and tase of typical meals con-
Ihe fatI that -ugar mavy. be added to tea or coffee taining it and its shelf life In addit,on to reactions 
rcstncts the choice of iron co.mYipounds rsince black with tannates and other phenolic compounds, a 
or blue ct,!ors result from the reaction of iron with bMack discoloration may result from reactions with
.annin 'With toffee. iron 1 D 1A is not sublect to sulfur containing compo-unds. and vanous oxida
thi drawback In T'hiland a fih sauCe was uC- tive reactions may be ca.alyed. wth the develop
tc,%fullv fortified with the iron-ED[)TA. but its use ment of unacceptable odors and flavors as well as
varied greatl, frim ont region to another ::" [.al colors. 
dietar' tt:sltom%. including the use of condiments 
suh .a- nontsdium glutamate and curn" pow- If a suitable compound and vehicle have beender%. rm.y,offer opportunities for fortification, and selected, it can be expected that the bio-availability
aill .h11pt.ibilties should be examined before a of the added iron will be similar to that of the 
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noa-heme food iron in the diet, since the added 
iron will enter the common pool. This must 
nevertheless be formally estabhshed, firstly by 
isotopic studies and then by a field trial using the 
population concerned. "The field trial will estab-
fish the adequacy of the distribution system, and 
whether the level of fortification is sufficient to 
counter the iron deficiency. After the introduction 
of the fortification, it is essential to carry out a 
long-term surveillance of iron nutntion in order to 
establish that the program is effective 

A final considera:mn with regard to any"fortifica-
tion program is 'he question of its safety Thus 
follow-up monitonng programs must subserve a 
dual function Not only must they be concerned 
with the segment of the population, including in-
fants and women who are likely to benefit from 
iron fortification of the diet, but equal attention 
must be directed to the more replete adult male 
population in order to ensure that thev do not ac-
cumulate excessive quantities of iron. Two groups 
are particularly at risk. namely subjects who have 
inhented the mutant gene responsible for the iron 
sturage djsease, idiopathic hemochrmatosis, and 
paients with thalassernta The sour'.e of the non 
in thalassemia major depends on .he philosophy of 
treatment In industnalized counnes it is larg.ely 
derived from blood transfuions, %ince the current 
policy is to maintain the hemoylobin concentration 
•)bove IN, di " When this Is done, there is amarked 
rcduction in iron a.orption '"'On the other hand. 
the gut is the ma,.x if not the only s ,,rce ef iron in 
developing area,. since transfusion tl.eray is not 
.ipplied Under such circ-un s.ances. patien! -uc-
cumb at in early age and it is unlikely that ion 
fortification would modify th. ,ourse of events sig-
nificanilv At more nsk are individuals, such as 
those with thalassemia intermedia and other 
thalassemic syndromes, who ar- ls,.s severely aff-
fected hemalologically and vct ,torb iron eces.-
sively "' For example. nv-halassema occurs with a 
frequency of 20 to 30o in hawiland, whi!e thalas, 
semia is found in 3 to 9%. hemoglobin F in 13%and 
hemoglobin Constant Spring in at least 4% of the 
populaton. I As a result, it his b'en .estimated 
that there are 50).X Individuals in Thailand with 
major thalassemic syndroes., the most common 
being hemog.obin I disease and 11-thalassemia. 
hemoglobin : disease Subjects with both these 
syndromes have been shown to accumulate iron. 
with the more severe Involvement occuring in ] 
lhalassemia hemoglobin E-disease (a mear plasma 
fertin concentration of 2158 pg I in 174 pa-
tients). "" These figures underline the difficulties 

thatmightariseinweighingtheprosandconsofan 
iron fortification program in a country where iron 
deficiency is common but in which a significant 
proportion of the population carry iron-loading 
genes. The situation with regard to idiopathic 
hemochromatosis has been discussed in detail 
lsewh.re." Io summarv. frem what is known of 

iron balance. -t would be expected that increased 
fortification ot the diet with iron in eVstern coun
tries would lead to clinical manifestations occurring 
at an earlier age in subjects homoz'gous for the 
gene (Fig. 31) Stores in heterozvgotes would also 
be greater, but eqluilibration of the body iron con
tent would occur at a time well before the accumu
lationofmassivestores At thesame timeit must be 
accepted that this point remains conjectural, and 
careful monitoring of the storage iron concentra
tions is mandator-,- when the level of iron fortifica
tion is increased. Forlunatelv. the availabilitv of 
methods for measuring the plasma femtin concen
tration, which reflects the size of the body iron 
stores, provides a practical methodi for doing this. 
In addition, the recent demonstration that the 
heterozvgous and homozvgous relatives of d..g
nosed hemochromnatotic patients can be identified 
by HL-A (Mumanl.euk(xytel.'ocus A) typing pro
vides a way of establishing what the consequences, 
to each ill be. " :" These points.tre raised ,c..aue,, 
a proposal to increase the e.nrchmnent of flour in the 
USA to 88mg kg wasv.%evenual0v rejected. on several 
ground%, one of which was its safetv The question 
of ,afety is based on th( ict that any fortification 
program designed to satisfy the needs of a vulner
able segment of the population., such as women of 
chiidtx-anng age. expos.s iron-replete males%to 
iron intakes significantly greater than their modet 
requirements since their calonc intake, anti hence 
iron intake, is greater than that of female-s " Of 
interest in t1-s regard is the fact that in Sweden the 
iron intake has for the last ten v"%ars xe-n consid
erably higher than wduld have ben achieved by 
the increased fortification proposed in the USA, 
but there is as vet no suggestion of any increase in 
the clinical incidence of idiopathic hemo
chromatosis in western Sweden '" While several 
cases of iron overlo id have been detected in north

: 'ern Sweden. - the relationship of this finding to 
the iron fortificatior program is :,o, clear. On he 
positive side, it has been possible to-.'iow that there 
has been astriking decr{ease it, the incidence of iron 
deficiency anemia in Swedish women ovcr the 
.samepenod. |However. it is dlear that iron fortifica
tion has not been the only factor responsible for 
this, since the increased taking of iron tablets, the 
increased use of contraceptive pills and a nse in the 
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FIGURE 31 

A "hernlic and ideallru, representation of how it"tDkly iron conteIt' in as  over the yearl in idiopatihc 
h'.ochornalctrl, .Not)e that! the rate of iron absrption dece.,sas stores reich mnassive proporthons, while 
the ratle ofeiron ecicryhon ruets. but Itoa kErr e-tern! [Eve'ntually c,.uilibraltion is reaiched, but by this time the 

kilvirofn
conlt-nt i ven Ilae Were the dietri, inmke to be<fo~rtified. iih lion. initial abs.ortion ritS woJld 
I'.e espiteidl!it" .hi;her .ind hc'n( thethr.II vqilhrat~on poilnt woluld be reached atanearlier ile Asi result, 
tlinlicj.l ntianlf- !altins tsosld .ipe.ir tar.i h r ie principle-s pro&~lbiN' hold subjects~]tit, 1 enseral forhit-trogouto folth .it~nolrnl nmutant i,,,1t.. their %!or/e bet modstly raise4.d on cstrornulint ar, ait 


Wt~l er. !)pt dliets, liron fr ict'otn tljl~ be.tspl ha% e dl-.
Ir-d Ito a iCr)" linitedffe with some increasel in 
iron.. 'tortl-. but notl % hnctt'e !hos , eriil.fdhomozvgoius~l!olrvcl an", nieai vnrt'f in inldividuals (Data froml 

°
 
.nd iBesla~ a:iHlolhll .mnd (tl i, e . a . ('owori~CrV ) 

C.olnsutnspllin oft.s (corb)t" acid t~ib~le'l havet ako~ c'on
lni~t,d %ignllttnllv(Fil;32) lhesel rv. ults unrl.,

ifthn et'mporlit'nc of re'ogni/lng the, iini% 'ar,. 
,lsbht. ic(h ml,l affet' the conll leqUe.nces of the 
introduionlllr of .in iron forifitlonO program. 
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Prevalence of onemia 30% Causesof reduction 
(1965) 

10 % *Increased intake of iron tablets 

7-8% slncreased iron fortification infood 

3-40/6 *lncreased use of 'the pil' 
Prevalence of 7 %C - 3% *lncreosed intake of ascorbic acid 

tablets(1975) 

FIGURE 32 

Causes of reduction in preverce ofanemj in Swedish women oafertile age. (After Ha|lbe and cowot. 
kers'"). 
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VII.
 
Treatment of Iron Deficiency
 

The previous section was concerned with 
epidemiologic aspects of iron deficiency, both in 
terrs of presentation and therapy. In this final 
section, attention will be directed to the principles
of therapy in tne individual patient At the outset, it 
is essential to emphasize that the physician mu t 
establish why the patient has developted iron defi-
ciency anemia, and if it is due to pathologic bleed-
ing. the source of the blood loss must be identified 
and appropriate treatment instituted In pre-
menopausal women iron deficiency isusually nu-
tritional in ongin. althoug[ it mu:t not be forgotten
that patho!oc hemorrhage can occur in this age 
group also As was mentioned in a previous sc-
tion. women are often unaware of the extent of 
their menstrual loIses, and if there is an, doubt, a 
method has been described for qu. ntitating
them.': Iron nutrition improves after the 
menopause, because of the removal of the 
menstrual drain. Asa result. iron stores tend to rise 
in post-menopausal women.' even in com-
munities where iron deficiency is common (Fig-
33).' It must therefore not be assumed that iron 
deficiency anemia in a post-menopausal woman is 
nutntion.! in ongin. Insteau, every attempt must 
be made to exclude a so,irce of pathologic blood 
loss. 

The Choice of Therapy: Having established the 
cause of the iron deficiency, and instituted appro-
priate treatment of the cause of any pathologic
bleeding, the treatment of the iron deficiency can 
be undertaken. This has established itself as one of 
the most satisfying of therapeutic exercises. There 
are many effective and cheap preparations of iron 
for oral administratio.i. and if there are no com-
plicating features, such as infection or concomitant 
folate deficiency, there are only three reasons why 

their prescription might fail to correct the defi
ciency. By far the most likely is that the patient is 
not taking the medication, and this should be con
firmed or eliminated without delay by careful ques
tioning and by checking the number of remaining
tablets at each visit. (Ifdoubt still exists, it ispossi
ble to test for the pi esence of unabsorbed medicinal 
iron in the stool by using the Prussian Blue reac-
Iton"'). The second possibility is that bleeding is 
continuing at a rate faster than the erythroid mar
row, can make good the losses. I lemorrhage of this 
degree can, however, be detected easily. The third 
and least likely explanahon is that the iron is not 
being absorbed. If the bio-ava:labilitv of the iron 
preparation is not in question, such m.alabsorption
is nearly alays due to idionathic steatorrhea or 
tropical'sprue 

Iron can also be administered by injection. The use 
of such preparations avoids the problem of poor
patient complianceand the rare instances of malab. 
sorption, but is no more effective in correcting the 
anemia than oral therapy, and is more expensive
and less safe. As normal hemoglobin concentra
tionsareapproached, however, the absorption rate 
falls, and if replenishing the body iron reserve is 
desired in addition lo correcting the anemia, oral 
treatment must be continued for sveral monthslonger. Admiristration of the iron parenterallh
makes it possible to replace the stores without 
delay but such theapy is expensive and is occa
sionally associated with potentially senous side ef
fects Other less important disadvantages of par
enteral iron preparations are that they interfere 
with the laboratory measurement of the plasma 
iron concentration for several days. and with the 
assessment of the reticuloendothelial iron stores for 
nany months. For these various reasons, treat
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FIGURE M 

Median plama ferritn concentrations in two groups of women, the one in the Noahwesvern USA and the 
other in Chatsworth. Durmn. (Data from Cook and cowockers" and .MacPhai. and cowocker"'). 

ment should be with oral preparations in mos. pa- of synthesis of hemoglobin . as to make good the 
tients. and it is only when r.ialakorptiorn is pre- shortfall is dependent on the amount of iron avail
sent, or in those rare ins' imces when oral iron able to the red cell precursors. This is a function of 
cannot be tolerated, or in the totally unreliable pa- the plasma iron concentration: if it can be. kept 
tient, that parenteral iron should K-administered, above 70 pAg dl throughout the 24 hours, ery-
The potential for gastrolintetnal irnitation miy thropoie.sis may increase fourfold, whereas if the 
make oral therapy inad,,-iable for patients with amount absorbed is insufficient to achieve this. it 
regional ileitis, ulcerative colitis and peptic ulcera- will only double or tre!e '" The absorption of 40
tin, although in fact most patients with these con- 50mg iron per day will p .rnut a red cell proxuction 
dition%tolerate it surpnsingl, well rate of about three times normal, and if there is no 

hemorrhage the hemoglobin concentration %ill rise 
In rare instances iron deficiencv anemia can be at an average rate of about 0.2 g dl day," although 
treated initially by blood transfusion It is indicated figures somewhat less than this may occur if the 
when the seventy of the anemia threatens life, and anemia is very mild. 
this is a question of the phvioan's judgment 
Transfusion should never be undertaken without The Rate of Irrt Abwrptiopi [urti Therapy: The rate 
good reason, since it is not without hazard. of iron absorption is dependent on the seventy of 

the anemia. 'Ten days after starting the treatment of 
The RBnyie .MarrowResponse to Iron Deficiency: The a group o! subjects with iron deficiency anemia. 
ability of the ervthroid marrow to increase the rate about 20% of the 100mg ferrous iron which was 
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being administered .hree times a day as ferrous 
sulfate was being absorbed.' The mean hemoglo-
bin concentration at this stage was 9.5g'dl. After 30 
days, when the hemoglobin concentration had 
nsen to over 12g dl. the absorption rate had fallen 
to 11% (Fig.4). Theamount of ironabsorbed obvi. 
ously depenos also on the amount of iron ingested. 
If 74mg iron are administered three times a day, 
about 60% more iron is absorbed than if only half 
this dose is taken. "' Another important vanable is 
whether the iron preparation is taken in the fasting 
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stateorafter meals. In one study theabsorption of a 
30mg dose taken when the stomach w.as cmpty was 
40% greater than when it was taken after meals. " 
The degree to which absorption isinhibited by food 
depends upon the composition of the meal_' In 
one study aborption was reduced to only one
third or even less by .istandard b.eakfast. ' and in 
another, to ess than one.filfth by a vegetable 
meal .': I lowever. %%hena direct comparison was 
made between the absorption of a 100mg tablet of 
iron from different meals, more was abosorbed from 

30 40 >45 
Days 

FIGURE 34 

Iron abso tion (mean = S.E) during continuous trtatment in patnts with iron deficiency anemia. The iron 
was given as ferrous sulfate In adose of 100 mg three time-, dady with meats. (After Norrby and Sdlvefm). 
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a rice meal than from one containing meat.'' Be- even more marked. The nature of the anion does 
cause of the significant inhibition that food exerts not appear to matter greatly; ferrous sulfate, lac
on the absorption of therapeutic iron it is, in gen- tate, fumarate. glycine sulfate, glutamate and 
eral, preferable to administer the iron in the fasting gluconate are absorbed to about the .ame degree, 
state, even though the dose may have to be r'duced although there is evidence indiialing that the suc
because of gastrointstinal side effects Whilefood cinate may be atbsorbed ,lx)ut 30% better (Fig. 
or antacids permit larger dose to b swallowed, 35),,4 " , 1: "', and that i inilair enhancement is 

absorption is correspondingly reduced and be- obtained if succinicacid .iddod toa ferrous %alt." 
comes Much less%predict.,ble The addition of .iscorl,4c icid in %Utfficient quantity 

(200mg o: more) increase" a-s-orption by at least 
The nature of the oral iron preparaltion also deter- 30%, probably tx)h by prtsi-rviig th retduced 
mines the bio-availability of the iron. and therefore state of the iron and by formirg,so~ible coiplexe% 
the am- unt that can be abso.bed from a given dose. with it. "1hi increased bi.,as.ailabil re-ults also 
It has ten well shown that the absorption is about in ,a significant increae in silt- ffects." '" how
three tiie%greater at a dosage of 30mg iron if a ever, and since acorbicacid is more expensive than 
ferrous -alt is administered than if the iron is in the ferrous sulfate, and its inclusion ini the preparation 
fernc state.,"and %ith larger doses the difference is achieve ntc) more than could Ie achieved by in-

Ferrous Sulfate I J 
Ferrous SuccnG!' " 
Ferrous Lactate __-

Ferrous Furnorote -i-" 
Ferrous Glycne Sulfate 
Ferrous Glutomate 
Ferrous Gluconote ," 
Ferrous Citrate 
Ferrous Tartrote 
Ferrous Pyrophosphote 
Ferric Cholinisocltrate 

Ferric Sulfate 95% 

Ferric Citrate c nfi<n 'e 
Ferric Versenate I limits 

50 
(%)

100 150 

FIGURE 35 

A comparison of the absorption rates with different iron salts. In these s--adies adaily dose of 30 m.s tron as 
ferrous sulfate was alernated with another iron salt in similar dosage labelled with asecond isotope over a 
period of 10 days. (Aiter Bnse and Hallberg"). 
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creasing the dose of ferrous sulfate, its value is 
questionable Some increase in absorption has also 
been achieved with very large doses of mannitol, 
sorbitol and 0-x'lose, but they produce unaccept-
•ible side-effects. Other carbohydrates, surface-
active agnts. inorganic salts, anmno-aods and it-
armins have also been tned, but vithout significant 
benefit."-

The Choice o f an Oral Iron Compound: While the 
plethora of preparations on the market can easily 
confuse the physician, the choice is essentially a 
simple one. The 40-60m;; iron which is required 
each day to pernut a trebling of red cell production 
can easily be absorbed by subjects with hemoglobin 
concentrations of l0g dl or less from doses of be-
twe.n 36 and 74mg iron administered three times a 
day as a ferrous salt Sig ificantly more will be 
absorted if a fourth dose is taken late it night. 

Gastrointestinal side-effects represent the main 
limiting factor in oral iron therapy. A proportion of 
patients complain of nausea, e-pigastnc discomfort 
and distention, heartburn, diarrhea or constipa-
tion While there isno doubt that iron can produce 

dose-related nausea and epigastric pain, the evi
dence for the psychologic origin of the symptoms in 
some subjects is convincing. Fourteen of agroup of 
sixteen patients who experienced symptoms while 
taking green fer.ous sulfate tablets had none when 
white ferrous sulfate tablets were substituted. "' In 
another study, lactose tablets labelled "Iron Pills" 
produced symptoms in the same percentageof sub
jects as did genuine iron pills labelled "Iron Pdls", 
whereas identical lactose tablets labelled "Control 
Pills" did not. "' It is equally clear that iron is not 
innocuous. In a double-blind Swedish study in 
which preparations of vanous ferrous saltscontain
ing approximately 200mg iron were compared with 
placebo tablets, twice as many subtects expenenced 
side-effects with the iron,"' and when the dose of 
iron was increased the percentage of subjects ex
periencng side-effects increased in proportion 
(Fig. 36). In fact, because compliance is soadversely 
affected by side-effects which are dose-related, a 
good case can be made for modifying the treatment 
strategy in subjects with only mild anemia. In such 
individuals a satisfactory tho..gh slow hematologi
cal response can be obtained with a single daily 
tablet containing 36 to 74 mg iron. 

60-
S cts off adkim rrpy 

. 60 

-SO 

40 I0 
do

2.04OO40 

Daiy Dosec rckv(mr) 
FIGURE 2 

The rise in the prevalence of side-effect (solid line) with ina'sing absorpton of therapeitic iron (dotted 
line). (Data from S~vefl, 1979). 
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Since the gastric irritation which leads to the 
nauseaandepigastricpainisdose-related, andiron 
absorption occurs predominantly in the proximal 
duodenum, the designing of an iron preparation 
which will permit maximum atsorption without 
gastric irntation has, taxed the ing. nuilt of the 
pharmaceutical manufacturer-, Over the years a 
numb..r of slow-release preparationns have N-.en 
marketed, bu tinal- of stvveral of them have in the 
main Indicated that .ibsorption was not as high 
as that of preparations which dissolved 

"
promp'l" :' Iiwver. this isnot true of al!" ' 
of them and good clinical resp|onst-, have l-n ako 
de',cnbed ' - In fact, there i% e-idence that the 
absorption of two of the currtn tl,available 
delaved-release pre-parations isthe sname as from 
ferrous sulflate %%hen given in the tasting sate,.and 
somewhat better whten iven %%with food 1,::.. In 
addition, a reduced Incidence of sideeffects has
been reported with one of the n" In the )ast such 

prepatations have N-en nuch mort- expensive than 
Conventional iron (oriipounds but in some in-
stances the pnce difft-re:.e :%now a Fgxi deal 
It s %" On this basis, there mav well N- situations 
in which they offer special advantages One such 
situation that was mniiertioned ian v.ariier si,,'lion is 
the anemic pregrinal, woii.n ,s%ho p'tr.,nts III the 
Wconid half of pregin v and who n'td, large 
doses of iron overa relaltielylr shortpt rod to correct 
the anema " In generl. ]o%% eve., the correction 
of iron defiiencv dts no t require undue hate., 

and if the normial dosage of ord:nar,- ferrous iron 
tablets prodiuces svmpltoms. the doage can t re-
duced 

While a preparation containing b)th iron and folate 
.suseful for prophylaxi,, during pregnancy. combi-
nations should N- used for the trealment of anemia 
only when i,is aused by deficency of more than 
one nutrient Indeed, tis Is the situation in pre,. 
nanc,, since the supplv of both iron and folate is 
fretuentllv suN)ptimal Although many prep..ra-
lions of iron contain othr so -(alled hematinics, the 
use of such con b.i,;ons depriv t- the p .ysician of 
th.. confirmation of his diagriosis whic h might
otherwise t5 gaintd from a specitic therapeutic 
tnal. A positive-response to tre'atment can N. de-
fined as a dail'y inc vtast- in the hemoglob n concen-
tration of more than 0 1 g dl from the fourth day of 
treatment onwards, 

Pareniteral Iron Tlrrapi. If oral iron is judged to be 
inappropnate for a particular patient, treatme-nt 
with parenteral iron is equally effective. In one 
study of a large group of iron-deficient post-

partum women, oral, intravenous and intramuscu
lar therapy with iron produced average daily 
hemoglobin nses of 0.14, 0.15and 0.13gdl respec. 
tively. " The results in several other studies have 
been similar. : 

While a number of different parenteral prepara
tions have en marketed at one time or another. 
iron-dextran i the one which has gained general 
acceptance It consists of a complex of fernc hy
droxid.: %it, dextrans of molecular weight between 
500O and 7000 dalton It i%present.d as a colloidal 
solution contaiing 50)m, iron pvr ml. and may be 
injected either intramuscularly or intravenously. 
After intramuscular injt ction 50.900. of the iron is 
removed from the inlctton lie within4-5 dav., but 
thereafter there islittle further mobiliation for up 
to 100 days "" I"'e persistence of this iron within 
the muscle has gi en rise to c ncern when consid
cred in conjunction %%ith thesrpt)rt% of sarc(,rnas in 

rat% given massive tntranitscular doses '':"'At 
least eight .ircona% have a!so been reported in 
association w ih Its ust I hurna ii ubjt\,1t. but the 
significance of tht-,, findinygs. and the acc.racv of 
the diagnosis :n some cases, hae rt entlv been 
questioned "*Allht.Lgh the prep.ir.ilion w.s with. 
drawn from the iar.tt for pnod. it has sub. 
sequ.ntlv N.-en re.intrtuc.,-d. and man', nulhons 
of doss have l.'en g %erl It %,otLj. nvertheless 
seetni preferable whentever -sible it)use the in. 
travenous routie rather than i the ntra musrtular. 
w%,hen this Is done, all the inlet ted Iron is taien up 
by the reticulh end,,;dNal %%stem Addio:iial di,. 
advantages of the intrrmuscular route are.1pain a; 
the inlettion il,and the skin tmiv c omu- stained 
for as long as t%%o vcar, Oher adverse tas.tion. 
aso 'iated with Ie.. dniinstration of iron -dextran 
include anaphylais, hcadahe. mala i . fiv.-r. re.
 
gional or general I'vmpha,nopathy, ar'hialg:.i and 
urtIc'ArI.I:' ", and rh liuma.oid arthritis may !.e 
eacerbaled -" fair 'op.)int out 61.1tIt i%.howv; 
the therap,-u.ic idex isIgood in one study of 24(X) 
iron-defiint ,ubjl-c1s. in trav-ojs irondcextran 
p'to-ucc. '"-0 effets In only 1.2.' 

If the preparation is adni mstered in ravs-nouslv it 
is particularly n .tsaryto goard against til,possi. 
bility of an aph lactic ceat. lion. and in the United 
states ttw,%tandard poiic. is to)give a small Itet dose
initially ,ind then wal )forhv minut es Fom. 
phrin., an injec-aHe andandior!icostroiu 
aminophvlie must be at hand !ot'lhtr with re
sucitlative equipment If there is no reaction, 5( 
mg can then be given over a penod of 5 it)10 
minutes Fhisdosecan be repeated atinervalsofa 
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few days. Alternatively, the total amount can be 
administered over several hours diluted in normal 
saline to aconcentration not exceeding 5%." When 
this is done, the drip should be run in very slowly 

over thefirst few minutes bemuse of the possibility 
of ai anaphylactic response. The quantity of iron 
which should be injected can be calculated from the 
following formula: 

Total amount of iron required (mg) - hemoglobin deficit (g'dl) x estimated blood 

This will provide enough iron to restore the hemo-
globin concentration to normal, and ifit is desired 
to recreate the body iron reserve, an additional 500 
or 1000 mg may be given. The half-time of the iron 
dextran in the plasma is between 3 and 4 days."' 
but there i,very little effect on the unsaturated 
iron-binding capacit,. since virtually all of the iron 
remain% attached to the dextran '" After having 
been taken up by the cell%of the retliculoendothelial 
system, some of the iron becomes available for re-
lease to the plasma trarnfernn and transport to the 
bone marrow. Dunng the month after administra-
tion only about 50% is utibzed for hemoglobin 

100 volume x 3.4 

-
14synthesis, UO-2)- and over the ens .ing v.eeks the 

rate of blood formation gradually o After 
three to five months 30% of the injected iron has 
still not been utilized;W virtually complete mobili
zation of the iron will occur eventually."'The rea
son for this restncted availability oi iron-dextran is 
not clear. It can be seen within the reticuloendothe
hal cells after staining with potassium ferrocyanide, 
and the co-existence of iron deficiency anenia with 
apparently adequate iron stores can create diagnos
tic problems unless the possibility of delayed proc
essing and release is appreciated. 
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VIII.
 
Summary
 

I.Iron deficiency is the most commonly recog- candy improved if they are eaten with adequatenized nutritional deficiency. It affects women more quantities of meat, fish or ascorbic acid. These arethan men because their requirement for iron is relatively expensive, however, and the resultisthatgreater and their non intake less as a result of the the usual diet of much of the world's population,lower food consumption, particularly in developing countries, provides too 
little absorbable iron for many women.2. The extra iron women need is to replace los.s

through menstruation and pregnancy. The median 4. With adequate nutntion a reserve of iron ismenstrual bloo>d loss in Swedish and in British stored in the tissues in the form of ferntin andwomen adds 0.4-0 5mgirontothedaily07.0.8mg hemosidenn. This reserve is used to make goodlost by other routes In as many as 100 of normal any shortfall, for example in pregnancy if. assubjects, menstruation is the equivalent of more 
is 

usually the case, enough iron cannot be obtainedthan I mg per day Gestation diminishe- the iron from the diet to expand the hemoglobin mass inrequirement during the first trimester because addition tosupplying the conceptus Thesizeof themenstruation ceases, but during the second and body iron reserve is an index of the iron nutntonalthird tnmesters a total of about 5-6 mg per day is status. It can be most conveniently assessed byneeded to supply the conceptus and for the expan- measunng the plasma femian concentration. A desion of the maternal red cell mass A vatiable pleted or exhausted store indicates a state -fironamount of bl(d is lost at delivery and in lochia deficiency Once the iron defiae:icy is such as toduring the puerpenum, but this is partially offset comprormse the supply to the bone marrow, theby the recovery of the extra iron in maternal hemo- plasma transfernn concentration nses and theglobin as the red celi mass returns to non-pregnant plasma iron concentration falls, so that the percentdimensions. The net iron cost of pr.,gnancy is of the age transfemn saturation isdecreased. In addition.order of 500 mg. the red cell free protoporphyrin concentration 
rises Finally, the hemoglobin concentration falls.3.Hene iron in food is absorbed well regardless of Because the range of hemoglobin concentrations inthe composition of the diet. Non-heme food is gen- normal subjects iswide, mild anemia is difficult toerally less to-available, and is susceptible to the detect unless the tests of the adequacy of the ironaction of a variety of promoters and inhibitors of supply forerythropciesisareperforredinaddtion

absorption. Important promoters include meat, to measuring the hemoglobin concentration. 
fish and ascorbic and, and import.ant iron in
hibitors are tanr,..,s and bran. Dunng digestion 5. Severe anemia dunng pregnancy increases mamost of the non-heme iron enters a common ,ntra- ternal mortality. Iror, deficiency limits work capacluminalpools-thatitsbi ivaiabilityisdeternuned ity, and this is due to a skeletal muscle enzymeby the vanous hgands present in the meal. The iron deficiency resulting in dysfunction as well as to thein staple foodstuffs such as wheat, nce and maize is inadequate oxygen supply ,%used by the hemoglopoorly absorbed but the bio-availability is signifi- bin deficiency. Biochenica Asions in other tissues 
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have also been documented, but their dinical sg-
nificance isless well established. 

6. Iron deraaency can be prevented by providing 
the vulnerable members of the population with 
supplemental iron, or by fortifying the diet so that 
the iron nutntion of the whole population is im-
proved. Antenatal chi ics provide a good opportu-
nity for supplementation The dose required de-
pends firstly on whether the iron preparation is to 
be given with meialk when less isabsorb.d, or fast-
ing wlhen compliance iv erratic. econd'v, on the 
subtec' s iron nutritional status, and thir~ly. on the 
stage of gestation [)et.arv fort .ication ensure's that 
all the individuals at nrsk are reached, but increases 
unnecessanly the iron intake of those who are 
iron-replete. especially those genetically suscepti

bletouron overload. If thisapproach isadopted, it is 
essential to monitor the iron nutrition of the vanous 
sectors of the population to ensure the safety of
such individuals as well as to assess progress in 
eliminating iron deftioency. For a fortification pro
gram to succeed, a suitable vehicle must be found 
Itshould bt.a dietary ingredient which is consumed 
by the who!e population. is distributed from a few 
central points, and is not altered in shelf life, taste 
and appearance by the fortificant The added iron 
must obviouslv x.b)th cheap and adequately ab
sorbed; since it is likely t enter the common pxl of 
dietary non-heme iron dunng ingestation and be 
subject to the same inhibitory ligands, fortification 
with a promoter of iron absorption such as ascorbic 
aad may be indicated in certain circumstances. 
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