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 Iron Deficiency in Children in Sydney =~

by

" Abstract.

_ Rasults of 'pmspectwe sbud’ues of over 2 000 omlolran wzth rrmtmtwrmal‘f

dron defamenoy sanaemia in-Sydney are presented The ep@deamologwal oS- ;
'pacts were also mve.stmgnatad i 0, stuwdy of 1500 well ohildren; aged 6 -~ 36

months .att]andmg Baby - Heolth Centres in, Sydrmey oind the moud»@noe of
iron’ defwwncy .mmwema WS forwnd to be Zow A 39, ) Iron defvwwmcy mmwe-' :
‘mm was comman in chZldmn mdmwtbed to hospztlwl with .twuﬁe 'mfectzoms

',:wnd dmﬂnhaaa ( 20% ) .wnd wws ohmwwlly wmsuszyacte&d fﬂn two-lthwds v
Becouse: of inadequate iron prophylaxis the rincidence in premotures wos

‘hﬁ.gh 30% ). Another: ,grouqo ‘recently Wrwad m@gn(mt omldmn :oplso had

a h/qgh mowbance of «cmwerm/m ( 25%). There was circumstantial evidence

kmkmg mmemm oumd, o]wldhood morbwhty i dtched pxtmants awawmg

elective minor surgery had a low incidence ( 3% ) of irom defwwancy AQAUDLE-:

.mm swmfalar to t?ue da,tu 'rmblzshed in owt patvue\nﬁs n Sfumabaylw

TJue .twaﬂa_qe dmly wonn mtwalkxe in children under 12 manths of lwgte was
below 6mg . .smgmfwwntlvy Zess ﬂuwn thle 10mg / obay freoonmenoﬁad by the '

., Senior Haema,tologlst . :
Presen’;ed at the Third Natlonal Indonesm.n Paedxa,trlc Congress, Sura,baya., July

1-6,1074. . . . o
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: Amefl‘wmn Baamd of Hwadmwtrws Iron mt{wkxe ‘of pooﬂur ch;zﬂwrevn dem‘, he ‘d

of multwple bwths ;wnd ewclwmge tr(msﬁusgd cfwﬁ rén ), mr" embly afte
M ] al wom themmy o blood tramsfusion.. h(wve Zq,ttle o
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‘The problem:of iron malnutrition.
in paediatrics is: Worﬁ'd-wuie It incre-

ases in communities where. 1na,dequ-
ate 1ron mtake is aggravated with

blood loss associated W1th intestinal

infestation. The condition is usually

unrecognized clinically, until the hae--.
moglobin is below:.7.0 gm per 100 ml,.
There iis even a division of -opinion’.

whether iron deflcumcy anemia is of
any mgmflca,nce tiry chmcal pra,ct\ce

Whether ' an’ assocm’mon exists bet:

ween unsuspected. ‘iron- deficiency

iron deficiency with anaemia.
The purpose of this communicati-

on is; to peview. the experience with

iron deﬁ11c1ency anaemia at the Royal
Alexandra. Hospltall for Chlldrenn Ain
Sydney over a 12 year perlod and 'to

provxde some mformatlon on the me-
thods 'of assessment of iron defu'clen--".

cy without anaemia.

A1 Paltients and Results '

The results ‘are based on mvestlgatl-

1965; Lovnic 1968) , with proven
(nutritional) iron deficiency anaemia,
between 5 months and 3 years of
age (Fig. 1). About one child in eight
in this age group admitted to hospi-
tal had iron deficiency anaemia (hae-
moglobin below 10.0 gm. per 100 ml.
with a microcytic, hypochromic blood
film). The condition was unsuspec-

“per 100ml.

' ency anaemia m
anaemig ‘and ¢hildhood morbidity is
not. yet,. reso(lvéd To answer this, it ..
would . be necessary to delineate. the -
iron deflcrency state as, dlstmot from"

ted in two thirds when haemoglobin

levels were between 6 and 9.5 gm.
(Elg 2). There .was a
partlcuIarﬂy hmgh mmden e of ab-
mia in two grou|ps, those wrth blrth

‘weights below 2.5 Kg ‘and not havurng

iron prophylaxis ' from ‘“the third
month, : and: children. of ‘recent . mig-
rants, . where the daily, iron. intake
was low, frequenﬁl‘y beﬂgow 5 _mg per
day.”

Th1s hugh 1nc1dlence of .lron( defICI-
sprtad practlce
raised the question as to its frequen—
¢y in healthy ‘children.:Thus; 1,500
well - children, - representadtive . of :all

..social strata, in Sydney, were . inves-

hgated (LOVI'IC 1970; Lovric et al.,
1972). Information was obtained

~about - their: daily dietary: pattern,
-and the daily.iron intake .calculated.
‘ Data: on ‘healthy children  revealed
.that between ;6 .and 12 . ‘months . of
‘age. |th1s ,a,vora,ged 6 mg. per, day,m

{‘53 mg Cin theu‘r Wealthner counter-
parts. . (Fig. .. 3),.
. incidence .of 1ron deficiency anaemia

. was 1d;en:t1cal and. mfrequenlt (3%
ons of 1,600 children ‘(Lovric et al.,

., Nevertheless;, the

It is of mnmerest that in the poorer
children, the main source of food
iron was derived from iron enriched
cereals, but this did not contribute
to higher haemoglobulin values.

The pattern of iron intake and
nutrition was different in various
ethnic groups (Fig. 4). Australian
born children had the highest iron
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intake, which was mainly, cereal deri-
ved. However, their haemoglobulin
levels were lower than those of
children from: the United ngdom
Who ha,d a lower, iron intake. '

‘Other. factors whlch could contri
b«ute fo. the. de,vedopmen:t of anaemia
were examined. : It has frequently
been; suggested that: poverty, poor
social rafing, multiparity, iron defi
ciency: in: the mother; and the order
of the child:in the family might all
pmdisﬁose to ‘the . subsequent . develo-
pment of anaemia in otherwise heal-
thy children. The: results showed
this not to be the case in the Sydney
community (Table I.and Fig. 5). Ho-
wever, . with the- total . iron intake
below 5 muhgra,mmes per day, there
was a. grea.fter mcﬂdence of iron de-
fmc1ency anaemia.

... 'This. mvestlgatlon showed that
haemoglobin. values -within the nor-
mal . range (12.2 =+ 2.2 gm. per 100
ml.) . were a.poor index of possible
underlying iron deficiency; and com-
parison . of iron intake and haemo-
globin. levels revealed no- correlation.
(Flgs 6 and:7). o

;/The rela.tlomshlp, if any, which
exmsts ‘bétween iron deficiency anae-
mig dnd adsociated childhood morbi-
dity: is'not: clear. ‘No direct. evidence
suggesting: such linkage. Fig.8 shows

that ' childten - with iron  deficiency.

-anaemia admitted to:hospital electi-
wely, -(as:for routine minor surgical
tprocedures) - had ithe isame incidence
.of -anaemia as healthy children out-

side hospital practice (3%). On the
other hand, children with seute 111-
nesses admittéd to hospital had a
high incidence  of iron deficiency
(20%), with anaemia usually unsus-
pected. Results from Fig, 9 demons—
trates this point, when comparing
haemoglobin levels of matched hos-
pital patients: and healthy children;
the mean haemoglobin value for hos-
pital patients was 10.6' gm. per 100
ml., compared with 12.0 gm. per 100
ml. for healthy children: The main
reason for this difference is the pre-
valence - of iron’ deficiency -anaemia
in hospital practice. Considering it
takes many months to develop iron
deficiency, it is posgible that the
anzemia made these children more
ill- during intercurrent illnesses, fi-
nally requiring . their admission to
hospital. ' This' does not imply that
iron deficient children have a higher
frequency -of infection and other ill-
nesses - there is no present evidence
to support that contention.

With th1s c1rcumstant1a1 ev1dence

’ hnkmg iron def1c1ency apaemia ‘and

childhood morbldlty, the ques’clon of
detectmg iron deficiency before 2nae-
mia, devcﬂopei became pertment
Customary studies such as serum
iron levels and latent iron binding
capacity were not useful particular-
1y tin children with intercurrent ill-
‘ness, where these values are usually
;depréssed. Routine examination! of

-bone mirrow : iron: stores were not

practical. The fragiligraph technique
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was developed (Lytton et al., 1971)
to: agsess the significance’ of develo-
ping; microcytosis ‘and: hypochromia
as,.a result of iron deficiency, even
in the, absence of anaemia. With pro-
ven, iI_’Ql.lj deficiency :anaemia;‘the: fra-
giligram. . angles were ; always - less
than 55° (Figs. 10 and 11).

- .Another. fragiligraph 'study ‘was
undertakeni on haematologically nor-
mal children in‘hospital;, aged 6 to 36
months (Lammi and Lovric, 1973).
Following initial ‘investigations, -in-
cluding: fragiligraph' studies, the pa-
tients s were randomized  in-a ~double
blind manner and ‘given ‘either 'iron
therapy or a placebo. Three months
later investigations ' were . repeated.
Response could: be evaluated with
the fragiligraph -and this showed ‘a
significant = change only ‘with iron
medication. Other haematological pa-
raméters did mot - change,” In ‘the
group having iron therapy there was
a - significant weight gain. It' was
concluded that fragiligram testing
was useful in the detection of under-
lymg iron: . deficiency: without. ‘the
presence of anaemia. A similar inves-
. tigation gave identical results in chil-
dren: with congenital cyanontic hear’c
disease (Lovmc et al., 1972).

Duscussmn

A fwll rberm .infant has sufflcuenrt
iron. stores to increase the red blood
cell- mass in. the first ‘4 months. Tt
has been :calculated that for every
kilogram gain .in:weight, about 40

miligrams  of iron ‘are réquired’ for
positive iron balance. Thus, ‘agsuming
that only ,abou_t 10% of ‘the' dietary
iron.is: a,bsovbed, ﬁ mllmgram of ele-
mental iron daily'would seerm ‘to bé
thé: minimal’ requurement in the f1rst
year of life;'Children "at' risk are
those with greater iron needs. These
include: ‘prematures, “small’ for'da-
tes”, post . exchange-transfusion in:
fants ‘and'those of multiple - births:
From ithe sécond year of'life’ growth
rate Slows!'to about 2.5 kilograms
per i year, and iron ' requirements
decrease to about’ 0.3 miligranis per
day. This'is the: ma,in“reé,son for the
low .incidefice 'of  iron defldnency in

children'after! the second year. '

Unforrtutna,tely "‘esfrmrna)tlons of op-
timal ‘iron’ requlr*e‘ments Vary cons1-
derably (Burman, 1973); it’ Seems
likely ‘that'a diet: cantai.ﬁ-img‘ less
than 5 miligrams®of iron per day in
the first  year" of life "will lead to
anaemia, ‘as shown' in maJny Imgrant
children ‘in Sydney R

W11:h more than 6 mlhgrams of
iron " in “the “diet, 4nd - particularly
with adequate calories together with
avaried -food intake; iron' deficiency
anaemia; is unlikely: (Figs. 3 ‘and:4).
Normal:haemoglobin:levels (12.2: o
2.2 gm. per: 100 ml)  are ‘obtained
withi: varying:levels :of:iron intake.
Figs i B1-illustrates . that -there: is1o
différence in-iron fintake:in-healthy
children +with - haemogldbin:} levels
above :andbelow 11.0° gm: per:100
ml., In ‘Fig: 7, 'similar :conclusions
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were . reached:  companingichildren
with:' haemoglobin ::levels:: above i the
mean with those: below.
(;The problem: in/ the -pdst: has: been
flnycons.ldlemng« iron deficiency.: anae-
mia:purely as:the result of deficiency
of.iron. Tt shoiild ‘be regarded as:an
example ; of 'malnutrition: in general,
witth: iron one: of i the lacking nutri-
ents. Forvexample,: by ihcreasing the
iron intake from: one source (ceréals)
this .did:.:not/- contribute :to::higher
" haemoglobin levels. | Thereis prefe-
rential: absorption of-iron:from:mix-
tures’ of ;animal and vegetable foods;
compared to’ absorption;of iron from
vegetables: :alone. |« Layrisse: et = aly
(1973); congluded:that: fortification
of  food;with .iron:was likely to;:-be
effective .only:in: thé-:presenhce::of
adequate animal - protein . inthe: diet.
From :a,;nutritional point: .of view, the
solution : to 'inadequate. iron. intake
wi'l . not; be-solved by iiron prophyla-
xig alone. 'There ig. considerable dif-
ficulty .in estimating iron’ needs and
utilization, . with dron,: intake.as. the
solle cr‘temon Equating: :ivon; intake
with, ”srtandard” nutrition sand hope-
\fully prov1d1'ng prophyla,c*tmc iron;;in
excess;of .the calculated requlremen'ts
will, not el.tmmate drom:; d@flmency

HITENTONS R RN €5

Thus,: ‘children in + Sydney
average iron intake of only’ 5.3 mili-
grams per day and well below the 10
‘miligrams ‘of * elemental iron'per 'day
recommended ‘in 1969 by the Ameri-
can Academy of :‘Pediatrics,  rarely
have anaemia, probably because their

jron: was:largely iderive‘d??f»rom ‘fresh

‘meat: 'and-eggs-and: only 20%: from
cereals:; It is ~difficult to: achieve &
dailyiron intake of 10 miligram per
day inca 12 monthold child!without
iron: supplementation. From ‘the data
shown; “iron fortification; ‘eitheri:as
medicinal iron ov:iron enrlched_ food,

cannotbe ddvocated: as ithe: goluition
to the! probﬂems of iron: deficiency. '

" When nnladequajte nutmtl‘n is ac-
com;pamed by ' excessive " intestinal
blood" loss; it i§ tto e expecfted 'that :
iron ‘defi élency anaemia will’ be mor'e
frequent “and severe. The aver.‘eig"e
blobd" ﬂoss from' the gut’ of & ‘normal
inifant is' 0.6 ml: per ‘day;: ‘thig’ may
be doubled during mild diarrhoeal
illnessés (Elian et ali, 1966): If di-
arrhoea: oceurs ‘frequently; iron defi:
ciency =wiTl « inevitably -develop.  In
gddition, ‘heavy rintestinal infestation
with :ancylostoma, strongyloides’: or
necator :contribute to: exessive' blood
loss.“Aboriginalichildren admitted to
th'e "‘RoyaI Alexandra ‘H‘o’Sp&tal for

........

irom: .’def.i(nency anaemia, ofuten cau-
ged! 'bylan association of recurrent
diarrhoea; « strongyloidés infestation
‘ands high carbohydrate: diet ‘low in
protein. Thus, apart: from correcting

‘malnutrition; - effective public ‘health
*méa‘;‘s«ures“‘('e'g ‘sanitation) «play:a

part in: prevent.'orn of mron \deflclefncy

‘xn 'children;

“The varied: mecha,msms flead,lng rl:o

‘anaemia -ina particular:child should

be: considered : prior. to iron.therapy.
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In . the:affluent. Sydney community
the main problem. has been parental
ignorance about the need for a pro-
per, vatied. diet, Too frequently it is
assumed that canned baby foods and
adequate  milk intake provide: opti-
mal nutrition. From the caloric angle
this is certainly. true;, but’ many mi-
nerals  including ‘iron and some heat
labile. vitamins (e.g. folic acid) may
be lacking from all autoclaved food.
In fact, the detection of iron defici-
ency anaemia will inevitably demons-
trate other nutritional problems in
the family -and instructions about
changing the pattern. of family nut-
rition :should -be part of 'the mana-
g*emen't e

 'Wiith /a: {llow mdex of chmcaﬂ suspa-
cion it.is clear iron: deflclency anae-
mia leads to very few symptoms and
signs, even: with haemoglobin levels
Dbelow 6.0. gm. per 100 ml. Iron defi-
ciency anaemia is uncommon outside
hogpital . practice,: both -in. ‘Sydney
and Surabaya . (Untario and. Pitono,
1972) . Does this condition thenihave
any significant clinical implications?
Evidence reviewed by Elwood . (1973)
from study of adults strongly refutes
guch a ;suggestion.: Secondly;.; could
detection, of iron: deficiency without
anaemia ipredict’ the development : of
-anaemia / in ! -any.. particular child?
-Could it either be -detrimental to the
child’s progress" These are questions
.to -which’ there: are no ranswers’ yet.
{Apart " from: linking: anaemia -and
childhood -morbidity in :a' rather: cir-

cumstantial: way, there ds mo direct
evidence' that: iron deficiency ' limits
growth and performance.::However,
it is’ often observed: that a child with
iron  deficiency: anaemia -associated
with - intercurrent illness : -appedrs
more ill:'than 'a similar patient wi-
thout . anaemia. It is probable:that,
duning - the . progression: of ' anae-
mia, developing ‘over ‘many months;
erythrocyte - adaptive mechanisms
compensate forithe reduction in cir:
culating red -¢cell mass. There is an
implied . improved oxygen.' délivery
to the tissues in' uncomplicated iron
deficiency anaemia related to incre-
ased ‘generation of organic phospha-
tes in the red:cells.: This is usually
proportional to the severity of the
anaemia, causing a:shift in the oxy:
gen dissociation -curve to the right.
During' -acute: illness, in particular
when' this is associated with dehy-
dration or-acidosis, the generation of
the organic phosphates in the red
cell will « be: %;emporariily curtailed.
This leads to' lowered oxy.gen dehve-
Ty to the tissues and anaemis, may
suddenlly become symsptomatlc and a
pahnent Wwith ™ a' ‘minor 111ness may
appear ‘more severely 111 It is ‘unli-
ke‘])y thaJt iron rthera,py in any form

such .a,chlhd wmuh a,ny mpadnty. Ra-

‘ther;: eorrection of the dehydration

-and -acidosis will lead to: regeneration

-of erythrocyte phosphate in a matter

of hours.:and thus:restore the com-
pensatory.adaptation;to anaemia,
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Uncormphcalbed “iren defmxency
anaemia, ‘always respond.s to oral
iron therapy. At the Royal Alexan-
dra Hosp1taﬂj=for Children’in Sydney,
it ‘hag mmon practlce to’ treat
1 ' liquid iron preparati-
on (Ehxmr Ferrous Gluconate) 1n a

per kllogna,m of ody welght dally

It has been found advantagéous to
give this: withliquid  feedings other
than 'milk 2 or 3 times ‘per-day. This
has generaﬂly beem well]J tolerated. In
order to plrevent 1ron deflc1ency in
children at risk, 1ron prop!hylax.ls in
the dosa,ge of 2 mg of eﬂememtal
1ron per, kg of body welght dally,

used over a. permd of three.to: four

months, from the age of two months,

With. thls form.. of; managememt no
failures-have:been -observed: to-date,
but" some fa,llures were’ no'ted w1th
oral colloidal ' iron *therapy ‘For a
number of reasons, intra-muscular
or intravenous iron therapy has very
Iittle place in: the 'management of
iron deficiency anaemia in children
in Sydney, although iron depots may
have advantages in areas where
parasitic infestations are endemic.

There is no ev1dence that parenteral
iron therapy will produce a faster or
better response. Finally, parenteral
iron has' many, :some potentially se-
rious, side effects. .

ransfu.smn uzn nutrntlonal
iron defmlency |a:naem1a of ‘childhood
based ol ly on ilow haemogﬂobm
levels and moreover stored bﬂlood for
transfusmnhas a low concemrtratlon
‘e “yte orgamc phosphates

Whulst a rtransfusmn wath fthlS blood
glohm Tevel!” t1ssue anoxia ma,y "not
be corrected as the stored blood
binds oXygen more avxdly (left-shif-
ten oxygen dﬂsso"" t10n| curve) for
some hours

Aclmowﬂedgemenfns

Drs. RDK ‘Raye and A’ ka revi-
ewed the manuscript and offered
constructive criticisms, The Editors
of the Medical Journal of Australia
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TABEL 1 : Hoemoglobin distribution ‘and weidence of irom -deficiency
anaemia in various social strata. The lower the suburb wum-
ber, the higher ¢hg arbitrgry social rating
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FIG. 1 : Age distribution of paticnts, including premuaturity rates,
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FiG. 2 : Distribucion of patients according to severity of amaemia and
climical suspicion rate,
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FIG. 3 : Daily ivon indke and types of feeding in 2 groups of chiidrem !
reiated to family income.
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FIG. 4 : Daily iron intake and types of feeding in various ethwic groups
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FIG. 5
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Incidence of anaemia is wot. significantly different
socigl ratings or in poorer families,

in

lower




FIG. 6 :
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Haemoglobin values above and below 11.0 gm.
in relation to daily iron ntake.

per 100 ml.
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to medical amd surgical services in indicated

FIB. 8 : Admission rate
The 2 services have equal number of pai

Alexamdra Hospital for Children.

ients at the Royal
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Comparison of distribulion of haemoglchin levcis in matched , .

samples of children im hospitw! and baby heallh cenires,
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Fragiligram pﬂoﬂlas of mormal children compared to those
Woith “iron deficiency wnaemm“F r g hgraxm angles are deter-
mined by drawing a tangem, “along the straight sectiom of
the recorded graph and measuring the tangent abscissw
angle.
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m_angles against haemoglobin values and
films. L - ’

[




