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Evidence that iron deficiency affects the approximately 2SD below the mean for iron
developmental progress and growth of young replete white children of this age group." The
children' 2 has drawn attention to the import- reference range is therefore suitable for a
ance of treating children who are iron deficient, healthy iron replete population with a very low
even when anaemia is mild, and has given a new frequency of genetic anaemia. It is important to
impetus to study the prevalence of iron defi- recognise that some children with iron
ciency in this age group. However, there are a deficiency anaemia have haemoglobin concennumber of reasons why it is difficult to obtain trations above 110 g/1l2 and show a rise of
accurate estimates of the prevalence of iron defi- haemoglobin with iron therapy to achieve their
ciency anaemia in young children. Studies of optimal haemoglobin and that some children
the epidemiology of childhood anaemia are with concentrations below 110 g/l are healthy
hampered by the problem of the definition of and have no pathological cause for a low
anaemia, by an understandable reluctance to haemoglobin level. Despite these reservations
take blood tests from apparently healthy chil- the WHO definition is a good starting point to
dren, and by the difficulty in assessing the con- examine the prevalence and cause of anaemia in
tribution of the three commonest causes of this group in Britain.
anaemia: iron deficiency, genetic factors, and
infection. Serum ferritin estimations are a much
better test of iron status than transferrin satura- Iron deficiency
tion, reflect body stores of iron,3 can be The prevalence of iron deficiency anaemia has
performed on small amounts of blood, and are decreased appreciably in young British children
useful in clinical practice and in epidemiological since Helen McKay's classic studies in central
studies. However serum ferritin and other tests London in the 1920s.'3 Very few of the infants
of iron deficiency such as free erythrocyte pro- between 2 and 17 months of age in her study
toporphyrin and transferrin saturation do not achieved a haemoglobin concentration of 110 g/l
have well defined cut off values that exclude without iron supplements. This contrasts with
iron deficiency anaemia in young children,4 and 1971, when Burman reported that during the
all these tests can show misleading results in the first two years of life the mean haemoglobin of
presence of infection.5 6 A serum ferritin con- Bristol infants who were not given iron supplecentration below 10 [ig/l is good evidence of iron ments was similar to that of infants who were
deficiency,7 but some young children with given iron in Mackay's study.'4 However iron
serum ferritin concentrations up to 30 ,ug/l show deficiency anaemia remains common in inner
a rise of haemoglobin in response to iron city areas (table 1) where in one study Aukett et
therapy. Similar problems occur with other al found that 27% of Asian and 18% of Eurolaboratory tests of iron deficiency.4
pean children had haemoglobin concentrations
A therapeutic trial of iron is the only comple- below 110 g/1.2 Serum ferritin estimations and
tely reliable way of excluding iron deficiency response to iron therapy showed that most of
anaemia and although this is relatively easy in this anaemia was due to iron deficiency.
clinical practice, it presents major problems in Grindulis et al also found that anaemia was comepidemiological studies. Genetic anaemias can mon in young Asian children and that 90% of
be difficult to exclude because a thalassaemia those with haemoglobin concentrations below
can only be reliably diagnosed by modern DNA 100 g/l had serum ferritin below 7 tg/l. 16 Earley
techniques' and the anaemia of infection has to et al found that anaemia was commoner in Asian
be diagnosed by indirect methods. Finally, in than European children but, surprisingly, low
some children all three factors may be present serum ferritin concentrations were commoner
and contribute to the pathogenesis of anaemia. in the latter (personal communication).'7
A report from the World Health Organisation However, serum ferritin proved to be an unreli(WHO),9 using their own reference standards,'0 able test of iron deficiency in this study.
estimates that 12% of children under 5 years of Burman's study'4 contained many middle class
age in the developed world and 51% in the infants but recent studies including more
developing world are anaemic. How common is affluent groups are scanty. Wright et al found
anaemia in young children in Britain and is iron that there was no significant difference in the
deficiency mainly responsible? The WHO proportion of affluent and deprived infants with
define anaemia in this age group as a haemoglo- haemoglobin concentrations below 110 g/l and
bin concentration below 110 g/l,'0 which is remarked that the red cell indices were only
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Ethnic group

Anaemic*
(%)

Grindulis et al'6
Aukett et al2

Birmingham
Birmingham

European
Asian
Asian
Asian

12
28
31
2 }

Earley et al'7

London

6-72

European
Asian

Mills'8

London

8-24

10
27
17
26

21-23
17-19

European

Asian

Predominantly

Marder et al19

Nottingham

Wright et a120

Newcastle

James et a12'

Bristol

15-24

9-15
12-48

Caribbean
European
Asian
Caribbean
'Affluent'

'Deprived'

European

Caribbean
Indian
Vietnamese

Low serum
ferritin (%)
28t

45t
57t
475
35t
13t
nk

18
16
26
20
11 l

nkfl

16

411

I17

Limited

81number
of estimations

20¶

*Haemoglobin concentration <110 g/l (exceptions indicated by 1)
tPercentage of total sample with serum ferritin concentration <10 1sg/l; tserum ferritin concentration <7 ,ug/l.
§Percentage of anaemic children with serum ferritin concentration <7 Isg/l.
IlNo biochemical tests of iron deficiency performed.

IHaemoglobin concentration <105 g/l.

typical of iron deficiency anaemia in 3%.20 The severity of the anaemia and low haemoglobin
evidence suggests, however, that the prevalence concentrations can persist for one month after
of iron deficiency anaemia in young British chil- infections even in children who subsequently
dren varies greatly according to social circum- show no signs of illness.5 In paediatric practice,
stances and nutritional habits but is unlikely to persistent or repeated infections are a common
be less than 2-3% in any group and has been reason why young children have a haemoglobin
shown to be approaching 30% in the most measured and are at the same time probably a
much commoner cause of anaemia than was predisadvantaged.
The possibility of coeliac disease and occult viously recognised.
blood loss must be considered in children with
iron deficiency anaemia, particularly if the
anaemia is recurrent, but the great majority of Genetic factors
cases of iron deficiency anaemia in young chil- Sickle cell anaemia, thalassaemia, and glucosedren are due to a failure of nutritional iron to 6-phosphate dehydrogenase deficiency are all
keep up with the demands of growth. Normal important causes of anaemia in racial groups
birthweight infants are born with sufficient originating from malarial areas and are therefore
body iron, mainly in the form of haemoglobin, important in children of many of the ethnic
to keep up with the demands of growth irres- minorities in Britain. Haemoglobin E is very
pective of their nutritional intake until about common in some parts of South East Asia and
4-6 months of age.22 Low birthweight infants, also occurs in India.28 Heterozygotes have
however, are at risk of developing iron defi- normal haemoglobin concentrations with some
ciency anaemia by 2 months of age if they are microcytosis and hypochromia and homozynot given iron supplements.23 After 4 to 6 gotes are not usually anaemic but the condition
months of age a number of nutritional factors may interact with ,B thalassaemia to cause severe
may predispose the infant to developing iron anaemia.28 Mild forms of thalassaemia such as ,
deficiency.7 Delayed introduction of solid feeds, thalassaemia trait and mild forms of a thalasfeeds of low iron content or with poorly avail- saemia can both cause a hypochromic microable iron, or feeds which inhibit iron ab- cytic anaemia, are very common in some racial
sorption,7 and ingestion of unmodified cows' groups, and can easily be confused with iron
milk24 25 may all contribute. However, the rela- deficiency anaemia. Heterozygotes for 13 thalastive importance of these factors in the pathoge- saemia have a mild asymptomatic hypochromic
nesis of iron deficiency in young British chil- anaemia, the severity of which probably
dren is not known.
depends mainly on whether the affected person
inherits the PI' or ,B type of 13 thalassaemia.29
In a study of young children aged 1-3 years,
Infection
heterozygous for ,B thalassaemia of unspecified
Common infections such as otitis media and type, 90% had haemoglobin concentrations
upper respiratory tract infection can depress between 90 and 106 g/l.3° The proportion of
haemoglobin concentrations in young child- carriers in different ethnic groups is difficult to
ren.5 26 Even the mild infection produced determine from published work because the
by the attenuated measles vaccine can reduce populations studied are in many cases small,
haemoglobin in children.27 As iron deficiency there may be great variation within ethnic
becomes less common in affluent societies infec- groups, and the diagnostic criteria also vary.
tion will probably account for an increasing The results of some studies are shown in table 2
proportion of cases of mild anaemia in young but should not be regarded as comprehensive.
children.5 26 Repeated infections increase the The Indian subcontinent is genetically ex-
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Table I Surveys of anaemia in young children
Location
Age
of study
(months)
6-48
Bradford
Ehrhardt"

Author

Stevens
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Saudi Arabia,37 and is an important cause of
microcytosis in Gujerati children in London.'7
In the latter study suspected iron deficiency was
a Thalassaemia
, Thalassaemia
Ethnic group
(camers)*
(frequency of -a) confirmed by therapeutic trial of iron,17 but in
the others the less reliable method of serum
0-18
0-8%
Afro-Caribbean
<1--20%
0-05%0-9
Indian
estimations was used.36 37 The effect of
ferritin
<1--20%
004-0-18
Mediterranean
iron deficiency may therefore have been under*See text.
estimated. In clinical practice the single a gene
form of a thalassaemia is probably an important
cause of mild hypochromic anaemia and
microcytosis persisting after iron therapy in
tremely heterogeneous and even within rela-. children from the ethnic minorities.
tively small geographical areas the frequency of
haemoglobinopathies can vary widely between
different tribes, castes, and religious groups.32
Conclusion
a Thalassaemia results from reduction of a
globin synthesis, either from a deletion of one or It is clear that many young British children have
haemoglobin concentrations which are low by
more of the four genes (aa/aa) which are
responsible for a globin production, or as a WHO reference standards. Although other
result of 'non-deletional' abnormalities, which causes of hypochromic anaemia such as lead
through a variety of mechanisms reduce a glo- poisoning and renal failure are important to
bin synthesis without gene deletion.33 Severe exclude if clinically indicated, iron deficiency,
forms of a thalassaemia, such as the double infection, and thalassaemia26 are responsible for
gene deletion variety (- -/) and severe non- the vast majority of cases of mild anaemia
deletional forms are uncommon in the main (haemoglobin 100-110 g/l) in young children.
ethnic minorities in Britain, which explains why All three types of anaemia can result in a
the clinically significant forms of a thalas- hypochromic blood picture, although infection
saemia, Bart's hydrops and haemoglobin H dis- is more often associated with normochromic red
ease, are rarely seen. However the single a gene cells. Iron deficiency, a preventable nutritional
defect (-a) is common in many parts of the disorder, is still common in disadvantaged
world which have provided immigrants to Brit- groups but the overall prevalence is unknown.
ish including the Caribbean, South East Asia, Young Asian children living in inner city areas
the Middle East, Indian subcontinent, and have the highest risk of developing iron deficiency anaemia but no ethnic group or social
some Mediterranean countries.33 Table 2 shows
the frequency of the single a gene defect (-a) class is immune from this disorder. Dietary
in some ethnic groups. The frequency is extre- campaigns38 39 have had success in preventing
mely high in many of these groups resulting in iron deficiency but more studies are needed to
find out the best way to improve the diet of
very high percentages of the population having
the defect. For example, from a frequency of young children in order to prevent this condi0-18 in Afro-Caribbeans it can be estimated that tion, which is probably more harmful than we
33% have the defect (heterozygotes and previously realised.
In clinical practice it is important to treat iron
homozygotes). At the present time accurate estimates of the frequency of a thalassaemia, based deficiency anaemia in young children. Clinical
on DNA studies, are not yet available for the history, including that of recent infections, a
main immigrant groups from the Indian sub- few questions about the diet, and examination
of the child and his blood film and/or red cell
continent.
Is a thalassaemia a common cause of hypo- indices often leads to the correct diagnosis, but
chromic anaemia in children in the ethnic if there is any doubt a therapeutic trial of iron
minorities in Britain? Although DNA studies should be given and accompanied by dietary
indicate that the single a gene defect is likely to advice. This is very unlikely to cause harm even
be present in thousands of children in the ethnic if the anaemia is due to a recent infection or thaminorities, the effect on the overall prevalence lassaemia trait. It is probably best to investigate
of hypochromic anaemia may be quite limited. for thalassaemia trait after iron deficiency has
The single a gene defect is a very mild disorder. been corrected. Children whose haemoglobin
Homozygotes have a mild hypochromic concentration and red cell indices do not return
anaemia and many of the heterozygotes have to normal after a course of iron require investinormal red cell indices.33 34 Young Jamaican gation. Poor compliance, a persisting cause of
children, heterozygous for the single a gene iron deficiency, and other causes of anaemia
defect, were found to have lower mean haemo- should be considered. Children from the ethnic
globin, mean corpuscular volume, and mean minorities who do not fully respond to iron
corpuscular haemoglobin than normal children should have haemoglobin electrophoresis perbut there was considerable overlap with normal formed, including haemoglobin (HbA2) estimachildren.35 Epidemiological studies using tion to diagnose heterozygous 0I thalassaemia. If
modern DNA techniques have provided evi- this is excluded and the child does not have any
dence that a thalassaemia of the single a gene other cause of anaemia, and the serum ferritin
defect type is a common cause of hypochromic concentration is normal, the most likely cause of
anaemia in the Pacific islands of Vanuatu.36 It mild persistent hypochromic anaemia and microcytosis is a mild form of a thalassaemia. Promay be responsible for much of the mild
hypochromic anaemia previously thought to be longed or repeated courses of iron should be
due to iron deficiency in Bedouin infants in avoided if the anaemia is due to thalassaemia.
of thalassaemia in some ethnic
Table 2 28Distribution
grus*8 31 34
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