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Results o f prospective studies o f over 2,000 children w ith nutritional 
iron deficiency • anaem ia in Sydney are presented. T h e  epidem iological as­
pects w ere also investigated in a study o f  1500 well children, aged  6 — 86 
m onths, attending B aby  H ealth  Centres in Sydney arnd the incidence o f  
iron ¡deficiency \anaimw>a w as found to be low (3% ). Iron deficiency  anae­
m ia was com mon in children adm itted  to hospital w ith acute in fection s  
and ¡diarrhoea (20% ) ¡arnd w as clinically um usppcted in  tw odhirds. 
Because o f  inadequate iron prophylaxis the incidence in premaftures was 
high (30% ). A nother groups recently arrived  m igrant children, also had  
a high incidence o f  anaem ia (25% ). T here w as circum stantial evidence  
linking anaem ia and childhood m orbidity. M atched patients aw aiting  
elective m inor surgery had a  low incidence (3 % ) o f iron  deficiency anae- 

■ mia, sim ilar to the data published in out patients in Surabaya.

The average daily  iron  in take in  children under 12 m onths o f  a g e  was 
below 6mg., sign ificantly less than the lO m g./day recom m ended by the
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A m erican B oard  o f Paediatrics. Iron in take o f  poom r ch ildren , derived  
'mpMnly from  irom/énriched 'cereals, w as h igher them in th eir  tmaïihÂér'''
corn ier  parts. Children with significantly less iron  hut a  mon(e varied  
tended to  have h igher haem oglobin  levels. I t  seem s unlikely th a t iron , 
fortification  .by-a s in g le ,d ietary  item  w ill provide the solution, to  paednsfr,, j
trie iron dcciciency, Poverty or poor sosial ratings did not p red ispose t o >: 
higher incidence o f  anachma, 'mid neither d id  m ultiparity, iron  deficien cy  
in the m other or the order o f the child  in the fam ily. ■ > n

No positive correlation  could b e  shown betw een norm al haem oglobin  
levels (12.2 ±  2.2 gm  per 100 m l) dnd the iron content o f  th e  dheti A.S , 
norm al haem oglobin levels clo not preclude und'W'lying iron  d eficien cy , 
another scries o f  studies w as undertaken with the a im  o f  detecting  iron  

, ¡deficiency: without] anaem ia. The results w ith frag iligraph  technique  in !{ 
f children without anaem ia show ed significant d ifferen ces in tw o clinical 

trials iifhbre Other hdem dtdiogicdl indices did not change a ft e r  iron  m edi­
Cation. ............ ■ ' . . .

P recise in form ation :a b o u t■ recom m ended m odes and dosage o f  iro n • ' 
* therapy and prophylaoois1 w ill5 bje1 presented. ‘ Oral iron is  th e  treatm ent 6 f  1 
choicei Iran  prophylaxis is  indicated in children a t  r isk  (prem atures, those  
o f  multiple births and exchange transfused  children)  p re fe ra b ly  a ft e r  the , 

' second month. ParOnteral iron therapy  and blood transfusion have little  ;
! place in ' managpment o f  paed iatric ' iron deficiency. . ;, ; ; : : ; r: >. '

^; The main aim of'iron prophylaxis should be institution o f  public health  
’ m easures to provide guidance and parental education .,fo r  an  a d eq u a te ,r 
caloric \and nutritionally varied d iet in the firs t  12 m onths o f  life, \ , ...
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The problem of iron malnutrition 
in paediatrics is world-wide. I t  .incre­
ases in communities where inadequ­
ate iron intake ¡is aggravated with 
blood loss associated with intestinal 
infestation. The condition is usually 
unrecognized clinically, until the hae­
moglobin is below 7.0 gm per 100 ml, 
There ¡is even a jdivision, of opinion 
whether iron deficiency anemia is of 
any significance in clinical practice. 
Whether an association exists bet­
ween unsuspected iron deficiency 
anaemia and childhood morbidity is 
not yet resolved. To answer this, it 
would b f necessary to delineate the 
iron deficiency state as, distinct from 
iron deficiency with anaemia.

The purpose of this communicati­
on is to ¡review the experience with 
iron deficiency anaemia at the Royal 
Alexandra Hospital for Children in 
Sydney over a 12 year period and to 
provide some information on the me­
thods of assessment of iron deficien­
cy without'anaemia.

uiV. Patients and Results 1; ■/■■■"

The results are based on investigati­
ons of 1,600 children (Lovric et al., 
1965; Lovric 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- 
moglbbin below 10.0 gm. per 100 ml. 
with a microcytic, hypochromic blood 
film ). The condition was unsuspec-

ted in two thirds when haemoglobin 
levels were between 6 and 9.5 gm. 
per 100ml. (Fig. 2). There was a 
particularly high incidence of anae­
mia in two groups, those with birth 
weights below 2.5 Kg and not having 
iron prophylaxis from the third 
month, and children of recent mig­
rants, where , the daily iron intake 
was low, frequently bellow 5 mg per 
day. ' ■

This high incidence of iron defici­
ency anaemia in hospital practice 
raised the question as to its  frequen­
cy .in healthy children. Thus, 1,500 
well children, representative of all 
social strata in Sydney, were inves­
tigated (Lovric, 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 j 6* and 12 months , of 
age this averaged 6 mg. per day in 
the poorer children, compared with 
5.3 mg. dii their wealthier counter­
parts (Fig. 3). Nevertheless, the 
incidence of( iron deficiency anaemia 
was identical and infrequent (3% ). 
I t  is of interest 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



IR O N  D E F IC IE N C Y  IN  C H IL D R E N 37

intake, which was mainly cereal deri­
ved. However, their haemoglobulin 
levels were lower than those of 
children from the United Kingdom 
who had a lower iron intake.
; Other factors which could contri­
bute to the development of anaemia 
were: examined. I t  has frequently 
been suggested that poverty, poor 
social rating, multipardlty, iron defi 
ciency in th e . mother, and the order 
of the child in , tihe family might all 
predispose 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 miligrammes per day, there 
was a greater incidence of iron de­
ficiency anaemia. :

This investigation 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. 
(Figs. 6 and 7).

i The relationship, if any, which 
exists between iron deficiency anae­
mia and associated childhood morbi­
dity is not clear, ?No direct evidence 
suggesting such linkage. Fig.8 shows 
that children with iron deficiency 
anaemia admitted to hospital! electi­
vely, (as for routine minor surgical 
procedures) had ¡the same Incidence 
of anaemia as healthy children out­

side hospital practice (3 % ). On the 
other hand, children with acute ill­
nesses admitted 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 possible that the 
anaemia made these children more 
ill during mtercurrent illnesses, f i­
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 this circumstantial evidence 
linking iron deficiency anaemia and 
childhood morbidity, the question of 
detecting iron deficiency before anae­
mia develop«'. :1 became pertinent. 
Customary studies such as serum 
iron levels and latent iron binding 
capacity were not useful, particular­
ly  an children with intercurrent ill­
ness, where these values are usually 
depressed. Routine examination of 
bone marrow iron stores were not 
practical. The fragiligraph technique
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was developed (Lytton et ah, 1971) 
to assess the significance of develo­
ping microcytosis and : hypochromia 
as a result of iron deficiency, even 
in the absence of anaemia. With pro­
ven , iron deficiency anaemia1 the fra- 
giligram angles were , always less 
than 55° (Figs. 10 and 11).

Another frag,digraph study was 
undertaken on haematologicaMy nor­
mal children in hospital, aged 6 to 36 
months (Lammi and Lovric, 1973). 
Following initial investigations, in­
cluding fragiligraph studies, the pa­
tients were randomized in a double 
blind m anner and ! given either iron 
therapy or a placebo. Three months 
later investigations were repeated. 
Response could be evaluated with 
the fragihgraph and this showed a 
signlfii'cant change only with iron 
medication. Other haematologicaJl pa­
rameters did not change. In the 
group having iron therapy there; Was 
a significant weight gain. I t  was 
concluded that fragili'gram testing 
was useful in the detection of under­
lying ; iron deficiency without the 
presence of anaemia. A similar limves- 
tigation gave identical results in chil­
dren: with congenital cyanotic heart 
disease (Lovric et al., 1972).

Discussion

A  full term infant has sufficient 
iron stores to increase the red blood 
c e l  mass in the first 4 months. It 
has been calculated that for every 
kilogram gain in weight, about 40

millgrams of iron are required for 
positive iron balance. Thus, assuming 
that only about 10% of th e  dietary 
iron ; is absorbed, 6 ‘ milligram; of ele­
mental iron daily would seem to be 
the minimal requirement in the first 
year of life. Children a t  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 the second year of life growth 
rate slows to about 2.5 kilograms 
per : • year,; and1 ■1 iron requirements 
decrease to about 0.3 millgrams per 
day. This is the main reason for the 
low incidence of iron deficiency in 
children after the second year. !

Unfortunately, ' estimations of op­
timal iron requirements vary consi­
derably (Burinan, 1973) ; it seems 
likely : that a  diet containing * less 
than 5 milligrams of iron per day in 
the first ■; year of life : will lead ; to 
anaemia, as shown in many migrant 
children in Sydney. 1

With more than 6 mdigrams of 
iron in the diet, and particularly 
with adequate calories together with 
a varied foodi ¡intake, iron deficiency 
anaemia is unlikely (Figs. 3 and 4). 
Normal : haemoglobin levels (12.2 : cfc 
2.2 gm. per , 100 ml.) are - obtained 
with varying levels of iron intake. 
Fig.’ i 6 illustrates that there is no 
difference in iron intake in healthy 
children with haemoglobin levels 
above and below 11.0 gm. per 100 
ml. In Fig. 7, similar conclusions
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were reached ! = coin paring ; i children 
With; ; haemoglobin levels above ! the 
mean with those below. • ■■ ;M ; î : 
ill The problem: in the past has ■ been 
in considering : iron deficiency anae­
mia purely as: the result : of deficiency 
of iron. It should be regarded as an 
example of malnutrition in general, 
with iron one of the lacking nutri­
ents. For example, by; increasing the 
iron intake from one source (cereals) 
this ; did not contribute to higher 
haemoglobin levels. There is prefe­
rential ; absorption of iron ; from mix­
tures1 of animal and vegetable foods, 
compared to absorption of iron from 
vegetables alone. Layrisse et al., 
(1973) concluded that fortification 
of food with iron was likelly to be 
effective only in the presence of 
adequate animal protein in the diet. 
From a nutritional point of view, the 
solution to inadequate iron intake 
will, not s be solved ; by iron prophyla­
xis alone. There is considerable dif­
ficulty in estimating iron; needs and 
utilization;, . with iron, ; intake as : the 
sole criterion. Equating; iron, intujte 
with ’’standard” nutrition s and hope­
fully providing prophylactic iron in 
excess ; of ; the calculated requirements 
will not eliminate iront deficiency.

Thus, children in Sydney with an 
average iron intake of only 5.3 milli­
grams per day and well below the 10 
milligrams of elemental iron per day 
recommended in 1969 by the Ameri­
can Academy of Pediatrics, rarely 
have anaemia, * probably because their

iron i was •> largely derived1 from ;■ fresh 
meat and eggs and only 2 0 % 1 from 
cereals. It  is difficult to  achieve a 
daily iron; intake of 10 miligram per 
day ,ln a 12 month old child without 
iron supplementation. From the data 
shown, iron fortification, either as 
mediqinaii iron or iron enriched food, 
cannot > be advocated, as the solution 
to the problems of iron deficiency.

When inadequate nutrition is ac­
companied 1 by excessive'' intestinal 
blood loss, it is to be expected that 
iron deficiency anaemia will be more 
frequent' and severe. The average 
blood ¡loss from the gut of a normal 
infant is 0.6 ml. per day; this may 
be doubled during mild diarrhoeal 
illnesses -(Elian et ah, 1966) t  I f  di­
arrhoea occurs frequently, iron defi­
ciency w:"t inevitably develop. In 
addition, i heavy intestinal infestation 
with ancylostoma, strongyloides of 
necator contribute to exessive blood 
loss, Aborigiriafli children admitted to 
the Royal Alexandra Hospital for 
Children i have a high incidence of 
iron deficiency anaemia, often cau­
sed by an association of recurrent 
diarrhoea, strongyloides infestation 
and > high carbohydrate diet !low in 
protein. Thus, apart from correcting 
malnutrition, effective public health 
measures (e.g. sanitation) play a 
part in prevention of ¡iron deficiency 
in children. ¡■■‘■•■-v)
■ The varied mechanisms leading to 
anaemia in a particular child should 
be considered ¡ prior to iron therapy.

39
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In th® [ affluent! Sydney! community cumstantial way, 'there is  no direct 
the, problem has been parental evidence that iron deficiency limits
ignorance about the need for a pro­
per, i varied; 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 fa c t ,, fhe detection of iron defici­
ency anaemia will inevitably demons­
trate other nutritional problems in 
the famiiy and instructions about 
changing the pattern of family nut­
rition should be part of the mana­
gement. : ;

With a low index of clinical suspi­
cion it  is clear iron deficiency anae­
mia leads to very few symptoms and 
signs, even with haemoglobin levels 
below 6.0 gm. per 100 ml. Iron defi­
ciency anaemia is uncommon outside 
hospital practice, : both in Sydney 
and Surabaya (Untario and Pitono, 
1972). Does this condition then have 
any significant clinical implications? 
Evidence reviewed by Elwood (1973) 
from study of ¡adults strongly refutes 
such a suggestion. Secondly, : could 
detection of iron deficiency without 
anaemia predict the development of 
anaemia ( in ! any particular r child ? 
Coul d i t  either jbe detrimental ; to the 
child’s progress ? These are questions 
to which there are no answers yet. 
Apart from linking anaemia 'and 
childhood morbidity in a rather cir-

growth and performance. However, 
it is often observed th at a child with 
iron deficiency anaemia associated 
with intercurrent illness { appears 
more ill ;: than a sim ilar patient wi­
thout anaemia. I t  is probable that, 
during ! the ! progression ' of anae­
mia, developing over many months, 
erythrocyte adaptive mechanisms 
compensate for the reduction in cir­
culating red cell mass. There is an 
implied improved oxygen ■ delivery 
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 
ceil will be temporarily curtailed. 
This leads to lowered1 oxygen delive­
ry to the tissues and anaemia may 
suddenly become symptomatic and a 
patient with a minor illness may 
appear more severely ill. It  is unli­
kely that iron therapy ,in any form 
will ! improve th e c lin ica l state , of 
such a child with ; any rapidity. Ra­
ther, ; correction of the ¡ dehydration 
and acidosis will lead lo regeneration 
of erythrocyte phosphate in a matter 
of hours and thus restore the com­
pensatory adaptation to anaemia, •:
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Uncomplicated iron deficiency 
anaemia always responds to oral 
iron therapy- At the Royal Alexan­
dra Hospital! for Children in Sydney, 
it has been common practice to treat 
children with a liquid iron preparati­
on (Elixir Ferrous Gluconate) in a 
dose of 6 miligrams of elemental iron 
per kilogram of body weight daily.

I t  has been found advantageous to 
give this with liquid feedings other 
■than milk 2 or 3 times per day. This 
has generally been well tolerated. In 
order to prevent iron deficiency in 
children at risk, iron prophylaxis in 
the dosage of 2 mg. of elemental 
iron per kg. of body weight daily, is 
used over a period of three to four 
months from the age of two months. 
With this form of management no 
failures ■ have < been observed to date, 
but some failures were noted; with 
oral colloidal iron therapy. For a 
number of reasons, intra-muscular 
or intravenous iron therapy has very 
little place in the 1 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 evidence that parenteral 
iron therapy will produce a faster or 
better response. Finally, parenteral 
iron has many, some potentially se­
rious, side effects. ,

There is virtually no .indication 
for blood transfusion iim nutritional 
iron deficiency anaemia of childhood 
based solely on low haemoglobin 
levels and moreover stored blood for 
transfusion has a low concentration 
of erythrocyte organic phosphates.

Whilst a transfusion with this, blood 
will imfirove the colour and haemo­
globin level, tissue anoxia may not 
be corrected as the stored Mood 
binds oxygen more avidly (left-shif- 
ten oxygen dissociation curve) for 
some hours.
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Sydney metropolitan ariia < children aoj® n - as months t

Suburb
rftiliiR
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M.-in
haemoglobin
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T A B EL 1 : Haemoglobin distribution and incidence of iron; deficiency
anaemia in various social strata. The lower the suburb num­
ber, the higher tthe arbitrary social rating.
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FIG . 1 : Age distribution of pmttants, including prematurity rates.
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H A E M O G  L O  B I N

FIG. 2 : Distribution of patients according to severity of anaemia and 
clinical suspicion raite.
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.... .....J AGE.; under I2 MONTHs
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FIG. 3 Daily iron im.idlce and types of feet 
Teiated to family income. m  2 groups of children
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FIG. 4 : Daily iron intake and types of feeding in various ethnic groups
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FIG. 5 : Incidence of anaemia is not- significantly different in lower
social ratings or in poorer families.
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FIG, 6 : Haemoglobin values above and below 11,0 gm. per 100 ml.
m relation tQ daily iron intake.
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FIG. 7 : Haemoglobin value in relation to daily iron intake : open
areas, above 8 mg.¡day; dotted areas, below 8 mg./day.
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FIB . 8 : Admission rate to medical and surgical services in indicated
The 2 services have equal number of patients at the Royal 
Alexandra Hospital for Children.

\
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FIG. 9 : Comparison of distribution of haemoglobin levels m matched
samples of children in hospital and baby health centres.
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FIG. 10 : Fragiligram profiles' of normal children compared fo those
‘ With'Wan'deficiency ■anaemia!'Vragiligram angles are deter­

mined by drawing a idtigemt'along the straight section of 
the recorded graph and measuring the tangent abscissa 
angle.
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F-ÇG. 11 : Plot of jr(ii)Hiyrwm a.nulis a ¡/a hint haomonlobin values
, . ,, , assessment of blood fitnis. ' . ,,

and


