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REVIEW OF LITERATURE

Iniroduction

Iron deficiency s a common prozlem throughout childhood.
During this period the compesizion of the diet is often unfavorable
for iron zbsorption. This is particulariy true for developing coun-
tries n which cereals are usugily the mzjor cerstituent of the
diet.  Economic factors often limit the intake of meat. poulry
or fish, foods that would enhance -he absorption of iron frem cereal,
Cuiturzl patrerns also frequently favor givirg the father and other
adults Iirst access To these more expensive foods of animal arigin.
If unrefined cereal procucts are used, therr high fiber content
may zlso restrict the absorption of iron as well as other trace

minerals.

In developed countries the avellabilizy of Ccietary iron s
oiten resiricted by an excessive use of mulk. Milk.not only displa-
ces other more iron-rich “oods from ciet,but ziso is rich In calcium

and phosphorus which form insoluble complexes with iron.

In zrooical semi-tropical parts of the world where children
are oiten Serelooted, iniesIaTiON IE A4 common problem.
Intestinal biood loss can then become a major Iacter contributing

o lron deficiency (Lavrisse and Roche, 1964) Pin  worm
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irfestation mav zlse resulrt in substartial Slaad ioss (Lzyrisse =1 zl.,
(9870 anc 1z commion :n temperate chimates.  In order 1o arevens

rrern deficiency in 100kWorm zreas Tore Zietary iron U gereraliv
recuired than elsewhere with accelsration of growth particulerly
during the vears of sexua: maturation 1Tnoses ircreased Tequirermrents
of ren orimarily for production of nemoglobir, Feor example,

ng the peax vezrs of their acolescent growth spurt bodv gazin,

ar everage of T kgm (Tanrer et al, 1966), can be calculazed

rt
%]
-
(4]
N
[
1
b
1
J
]
-

increaze o 2dout 2I0 mg of iron merslv 1o maiptsin

& comstant concentreiion of hemoglobin In an expancing biood volume.
However, the concentration of hemoagiooin z.50 increases betweer

1

©.5 and ! g/dljvear at this age (Daniel, !573) (Krzdbe et 2l., 1978)

bt

wnlich means rore need of ‘rer.

Iren ceiliciency s the state in which *he centent of iron
v the bocy s less than norma. no matTer what s the catse. 1T oncurs
in varving cdegrees of severrty which merge mperceptibly  into
ope ancther.  The term :ron depletion has been aoplied <o the
earliest stage of iron deficiency. ir which storage iron is cecreased
Or even z38enT SuT serum rorn concentraticr and blood hemoglobin
and hematorTit levels are normal (Finch et al.. 196%). The desigration
iror deficiency without anermia describes a somewhat rmare advanced
stage of Iron deficiency characterized bv decreased or absen:

storage 1ron ., osuelly low serum iron conceniration and transferrin
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saturanion, without frark arem:a. A suill more advancec stage
cf iron deficiency :s termed iron deficiency anemla, which
ge anc occurs when the product:or of essertial iron compounds
inciuding hemoglobin are resiricted (Scrimshow, 1984). I+ is charac-
terized Jy decreased or absent iron stores, [ow serum iron concentra-
tion low transferrin saturetion and low hemoglobin concentration
anc hematocrit velue (Fairbank znd Beutler, 1983).  Although iron
deficiency anemia is a more acdvenced state of iron deficiency
than 1 aron depletion, yer in certzin rare disorders such as pul-

monary  hemosecrosis  or  paroxysmal nocturnal hemoglobinuria

(Fairbank and Butier, 1983), iron deficiency anemia may occur

w.thout iron depletion.

Iron deficiency anemia ceveiops when the transporz of iro~
by rtrarnsferrin falls short of that required by ervthropoetic cells.
Red ce:l production 1s Yrmited when zransferrin saturation falls
below about 16 % (Bainton. 136%). Iron is required 5v all mammalian
cells and plays & central role in  cx:dative emergy metabolism.
thus iron deficiency sufficient to affect ervthropolesis is preceded
Dv a latent phase during wnich symptomless biochemical aberrations
are measurable.  These observations inciude recuction in serum
iron, increase in free eryrthrocyte oprotoporphyrin and decrease
in ussue heme erzymas. In much of the world iren deficiency
is the commonest of all medical allments.and is second only 1o

protein calorie malnutrition elsewhere (James, 1987).
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Status of iron

Characzeristics

I. Iron cepletion
(pretatent ron deficlency

(Heinrich, 1970}

. Iron deficiency without anem)a

iztent ron deficiency

III. Iron deificlency znemia

Trarsferrin saturazion normal
Plasma iron normezl
Hemoglobin normal

normei

Hematocr:

[ror stores zre decreased or zhsent

Transierrin saturztion decreases
Plasma :ron decreases
Hemogiobin normal

normal

Hematocr:t

Iron stores are zhsent

Trarsferrin saturation cecreases
Plasma 1ron decreases

Hemoglobin concertration decreases
Hematocrit

percent decreases

Iron stores azre absent
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Fypochrom:c anemias zre diserders in which ervthropoietic
stem cel. «inetics and DNA svrthesis are rormal but cytoplasmic
synthesis ol nemoglobin s impaired.  Erythroid Civision and ma-yra-
Ton preceed out of synchrony with the lagzing svathesis of hermo-
globin leading 1o creation > mature red cells that are deficient

in nemoglobin.  The mechanisms that coordinate celiuiar division

with  nemoglobin accemulatiorn are anclegr,

-zlls short of about 20 pgleell zn extra division occurs Thus aypo-
Chromia 5 gererally accompanied By microcyrosis: the red cells
are  pale and smail arc  deiicient In homogiodin content (MCH)

nd in volume (AMCVY.

S_milar-appezring anem:as such as thalassemia are sufficiently
ireguent To warrant care |n differential diagnosis. As iron ceficiency
I1s exceedingly prevzlent, :s treartable, ard is oftern <he first ircica-
Tion cf gastrointestinal bleeding it 15 important <o recognize defj-

clency early.
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CAUSES OF IRON DEFICIENCY

Causes of iron deficiency can be classified under:

I. Decreased intake of iron

Iron ceficlency ensues when the intake of iron from the
Ciet falls shorz of physiologic reguiremerss. Durirg infency cretary
ceficiency of jron usuallv resuits from total depencency on unsupple-
mented mix, in the first year of life. Infznts regquire about 155 mg
of lron in addition to thet provided mimially By the mother. Pre-
matire (ndanis need nearly twice that amount during the Sirst
Year To Xeep pace with the expanding ervtiaror and 1o compensase
for their congerutal shortage of storzge iron.  Milk oroducts are
poer sources of iror (Burmar, 19Y2) and orelonged Ceeding with
sreast Mk or bortled milk requires iron suppiementation.  Iron
reeds are proporuenal to growth rates, nence simple cletary in-
adeguance causes :iron delicrency most often during the Z major

physio.ogic spurts :n growth rate, infancy and acolescerce. The
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gIEST requirement Ior tron s curing infancy and the recor mended
dally intake curing the first vear of life s 1.5 mg/kg body welgh.

During childhoed the total bocy requirement Zor iron remains stezdy

atr 5 zo IC m

-+

cally, Dut curing adolescence dietary ron needs
mncrease severa! folds, In agultsivpical western diets contain abous
& mg of iron per 1500 calories, abouz 7 9% of ingested food iron

-5 assimilated. Thus acult mer and womer generzl!s absorh abous

L.t o 1.4 mg of iron zer cav. Trom a Zerrokinetic standpoirt the

]

average male adult s iz steady state. Tobalance lesses he zssim-
-ates daily about the sams amount of irer as s availeble ‘rom
nis zverage cietary iniazke.  In mren, therefore. the developmen:
of 1ror deficiency is indiczzive of pathologic :ron loss.  With rare
eXTeplions . Ine occurrence of iron deficiency In =dult men can
oe ejquated with Dlood loss, and the ciagnosis of iron ceficiency
In an acult man makes as search for the cause of blood loss obliga-

tery.  In normal acult men, the loss of iron Irom sweziing, exfolia-

m

tion of skin and gur cells, and traces o Slood loss <otzals less than
I mg/day. In normal young adult women iron loss via menstruation
averages an acditional | mgi/day. Normsl vourg adult women lose
about 3 ¢ & mimes as much as acdult men. Pregrancy makes parti-
cularly severe demands on = woman's iron status. Each pregnancy
involves loss of iron to the fetus (about 27C mg). blood lost curing
delivery (L£D-137 mg) plus diood iest in the decidum (37 mgl. On

the averzge I1f proratec over the fuil 9 morth term of pregnancy
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he ret loss of iror s increased 1o about 2.5 mg/day. Iron loss
To the Zetus is greatest during the Ziral trimesier when net mazer-
nal need exceeds the capabilizy of the intestine 1o z3sord cletary
iron (de Leeuw e zi., 196€). Consequently, iron supplementation
should be a routine prenatal precaution;iron deficiency :s so preva-
lent worldwide, particularly among mu'tiparous women and nutri-
tionally imgproversshed <Countries or regions, Thatl roJiine iron farti-
fication of common Ioods such as bread and cerezls is advisable
(vazgues-Secane et zl. [985,, The exient tc which ‘oods should
be enriched with iren is debatad but currently in the U-ized Stztes
and Great Britain the z1eken amount of iror zdded 1o "Fortify”
flour (3.0 mg and 1.6 mg respectively per 130 gm “lour) is unlikely
0 Dretect women against lron deficiency (AMA Council 1572)
(Layrisse and Martinez-Torres, 197.). An increased fortification
of staple foods with iron has been recommended (Hablberg, 1982)

To compensate Ior lower corsumption of iron rich faods by our

increasing:y fastidious and diet-absessed soclety.

Ti. Malabsorption of iron
Normzlly iron s abserbed by means of specific mucosal

receptors iocated in the duodenum and upper jejunum (Linder and

Munro 1977) (Whiby, 1970). To be absorbed food iron either must
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>2:in theiorm of neme or must be converted 1o soiuble ferrous szlits
oro chelzTes. The heme of nemogiobin as steak e
example, 5 "vdralvzed free Irom the anopratein by gastric He!l ard

atralurinz] orotezses ard then autooxicizes —o hem:n

Hernin enters upper :ntestinal mucosa: cells intacs,

iron s released by heme oxvgenase for eniryv into the biood siream

-

¢ o transferrin (Weintraud et al.. 1968) (Raffin et al.. 15745

The e7iiciency of InTestnal absorption of non-heme Jood 1ron 1S

sub’est o numerous (nrtralum:ona. factors. MosT o

P

[

tural dietarv iron
zied = the Ierric szate. Factors fzvoring conversion

of ferric Zood :rorn Zo soluble &nd zhsorhahle fsrrous forms incluce

gastric acud reducing agenis. and low molecular weight weax chelators
(Crosby. :968). Corversev, corpounds that iorm :nseiuble complexes
with 1ron such as phosphates ard phyzate (hexadhospholnosizol), pre-

vent absorprion. Ferrous irons are zciively transperted inio mucosal
brusn sorder cells by recepter-meciazed encocyvzosis.  Depending
on 1he degree of mucosa: hunger for uron, the internalized, reoxi-
dized atoms are either transferred directiv 1o :ntace:lular <ransferrin
Zor delivery 1o the olasme (Halliday et al,, 1976} {Pirkerton. !969)
or incarporated inte mucosal ferritin (Sheehan and Frenke:, 1972),
II the ferrmin irom :s nol relinguishec to transferrin during the
Srief (3-% cdayvs) Lifespan of <he cecicduous mucosal cell, :T s sloughed
off within :he exiciiazed ceil (Awad and Welis, 1382), This
sody iron s regulated wethin narrew Lhimits through modulation

of the rate of iron absorpriorn, the mecharisms CoOrcinating 1ron
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