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Considerable evidence exists to support the concept of increased
shunting in the foot of diabetics,'0 but the exaggeration of this
abnormality in the dependent position is a new observation.

'Several inferences may be drawn from this study. Failure of
precapillary vasoconstriction on dependency will result in the
capillary bed being exposed to a greater hydrostatic load. This may
account for the development of peripheral oedema seen in patients
with neuropathy. Furthermore, chronic exposure to capillary
hypertension may act as a localising stimulus to thickening of
capillary basement membranes. Vracko described increasing thick-
ness of capillary basement membrane from thigh to foot, which is
particularly pronounced in patients with diabetes.'3 Both these
inferences require direct experimentation to substantiate them.
Preliminary results from our laboratory suggest that capillary
pressure is indeed higher ia the dependent foot of diabetics
compared with normal subjects.

We thank Dr Peter Wise and DrPB Fowler for allowing us to study their
patients, and Professor Laurence Smaje for helpful advice. GR was
supported by the North West Thames Regional Health Authority on a
locally organised research grant, and JET by a Wellcome Trust senior
lectureship.
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Iron deficiency in young Bradford children from different ethnic
groups
P EHRHARDT

Abstract
Haematological parameters "and iron state were studied in
children admitted to hospital consecutively during a six month
period. A total of 147 of 598 children (24-6%) were anaemic, with
haemoglobin values below the third centile of the reference
range, and 131 of 400 children (32-8%) were iron deficient, with
serum ferritin concentrations less than' '10 ,tg/l. &ith findings
were more common in children frcom the Asian ethnicmin6rity.
The "routine" 'full'blood count is a useful tool for the

presumptive identification of iron deficiency in childhood. Iron
deficiency is deleteriou,s to the health"of young children'In view
of its extent and degree-not exclusively among the Asian ethnic
minority-a commulnity based prtventive pr:6rammeon the
lines of the Stop Rickets Campaign is recommended.

Introduction

Iron 'deficiency is co'mmon among young children and is usually
determixed nutritionally.'2 Many young children are admitted
to hospital, and those of poorer socioeconomic state are over-
represented among these.

Bradford Health Authority serves a population of340 000, which
includes an Asian ethnic minority of about 60 000. lThese consist of
first and second generation migrants, almost enirely Moslems from
Pakistan, with.' siall numbers of Moslems' from Ba,ngladesh,
Hindus, and Sikhs. Roughly one third of chldren admitted to
Bradford paediatric beds are from the Asian ethnic minority.
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This report presents the haematological results and serum
concentrations of the iron storage protein ferritin in; children
consecutively admitted to paediatric beds over six months. The
children studied were aged between 6 months and 4 years. Anaemia,
hypochromia, microcytosis, and iron deficiency -were common
findings.

Patients and methods
Every child admitted to a paediatric bed in Bradford during 1 September

1983 to 29 February 1984 was eligible for study-if the age on the date of
admission was at least 6 months and less than 4 years. Children admitted
more than once were studied during the initial admission. The study was
approved by the ethical committee.

In those children in whom a venepuncture was thought clinically neces-
sary blood was taken for full blood count (Coulter counter method) and
serum ferritin estimation (by immunoradiometric assay) in addition to
clinically indicated assays. Haemoglobin electrophoresis was performed on
any child whose mean corpuscular haemoglobin value was less than 25 pg.
The following children were excluded: six with f8 thalassaemia, three in

whom fi thalassaeniua trait was discovered during the study, one West Indian
child, two Africans, one Greek Cypriot, and one child admitted for
investigation ofanaemia.
Haemoglobin concentration and mean corpuscular volume were com-

pared with age and sex specific reference ranges,34 and, along with mean
corpuscular haemoglobin and ferritin values, the results were also compared
by age, sex, and ethnic group.

Statistical evaluation was by x2 test and the Mann-Whitney U test.

Results
After exclusion of the 14 children noted above, 778 children (513 white,

265 frorh the Asian ethnic minority) were eligible for the study. These
corresponded to about 6% ofthe children of this age residing in the Bradford
Health District.
There were no significant differences in the proportions of boys and

girls, in the results between boys and girls -in each ethnic group, or for the
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boys as a whole when compared with the girls as a whole. Results are
therefore presented irrespective of sex.
Complete results were obtained for 400 children (51-4%); haemoglobin

but not the ferritin value was measured in a further 198 children (25 4%),
most ofwhom had red cell morphology assessed; and in 180 children (23 1%)
no blood tests were done. Generally, these were children with less serious
conditions (table I-for example, 58 of the 74 children admitted with a
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history of ingestion were not studied. Children from the Asian ethnic
minority were studied more completely.

Haemoglobin concentrations-Both ethnic groups had an excess of children
with low haemoglobin values by comparison with the standards (fig 1;
table II), the difference being significant (p<0005).
Red cell morphology-Red cell haemoglobin and size were lower among the

Asian children than among the white children (fig 2; tables III, IV). This

TABLE i-Clinical details of white and Asian children in whom both haemoglobin and ferritin estimations, haemoglobin estimation
alone, or no blood tests were performed

White Asian ethnic minority

Haemoglobin and ferritin Haemoglobin None Haemoglobin and ferritin Haemoglobin None

No 228 145 140 172 53 40
Age (years):
Mean 1-89 162 1-79 1-64 1-66 1-70
SD 0-96 0-96 1-03 0 90 1-07 1-03

Diagnosis "infective":
Serious* 6 5 0 6 0 0
Febrile fit 25 19 1 26 4 2
Chest infection 20 16 7 18 8 0
Gastroenteritis 67 36 52 52 19 15
Other 30 23 13 20 8 4

"Non-infective":
Respiratory illness 31 9 3 23 3 3
Ingestion 6 3 50 4 3 8
"Social" 12 11 3 2 1 2
Neuro/developmental 16 10 8 7 1 5
Other 15 13 3 14 6 1

*Meningitis, encephalitis, septicaemia, urinary tract infection.

TABLE II-Distribution ofhaemoglobin concentrations in the two ethnic groups ofchildren studied

Haemoglobin (g/l)

<90 90-99 100-109 110-119 120-129 130-139 >140 Total

White [No 2 5 38 126 134 46 22 373W% 0-5 1-3 10-2 33-8 35-9 12-3 5-9 (100-0)
Asianethnic[minority No 9 12 43 56 58 34 13 225

1% 4-0 5-3 19-1 24-9 25-8 15 1 5 8 (100-0)
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FIG 1-Haemoglobin concentrations distributed by age in the two ethnic groups
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may have been a genetic difference but more probably5 was due to the even
poorer iron state among those children (see below) whose distribution of red
cell size differed significantly from the standards (p<0 005).
Serum ferritin concentrations below 10 ,ug/l were very common in both

groups (table V). Comparison by admission diagnosis showed higher ferritin
values among infected children than in those not infected, the difference
being significant for the white children (p<0005). Infection may have raised
the serum ferritin concentrations of some children.

Discussion

Blood tests were omitted in most of the children (mainly white)
admitted for observation with a history of ingestion and in many

BRITISH MEDICAL JOURNAL VOLUME 292 11 JANUARY 1986

manifested by anaemia-the incidence being even higher in the
Asian children.
Low serum ferritin concentrations reflect iron stores well.

Measuring ferritin is unsatisfactory in the assessment of body iron
when the serum concentration is high, a frequent finding in
inflammation.67 Reeves et al found higher serum ferritin values in 1
year old children when there was a history of recent infection.8
Higher serum ferritin concentrations were seen in the study
children who presented with infection (table V), and the incidence
of iron deficiency reported here is probably an underestimate,
particularly for the white children.
That iron deficiency is common in young children, more so in the

underprivileged,9-'2 is well known. Even in the absence of anaemia

TABLE iii-Distribution ofmean corpuscular haemoglobin values in the two ethnic groups ofchildren studied

Mean corpuscular haemoglobin (pg)

<20-0 20-0-21-9 22-0-23-9 24-0-25-9 26-0-27-9 328-0 Total

White JNo 1 3 20 104 136 88 352
1% 0-3 0-9 5-7 29-5 38-6 25-0 (100-0)

Asian ethnic minority No 31 30 45 58 43 9 216
Asfa ne h14-4 13-9 20-8 26-9 19-9 4-2 (100-0)

TABLE Iv-Distribution ofmean corpuscular volumes in the two ethnic groups of children studied

Mean corpuscular volume (fl)

<60 60-64 65-69 70-74 75-79 80-84 >85 Total

White No 0 1 6 52 146 107 40 352t% 0 0-3 1-7 14-8 41-5 30-4 11-4 (100-0)

ANo 22 24 39 46 60 20 5 216Asianethnicminority 1% 10-2 11-1 18-1 21-3 27-8 9-3 2-3 (100-0)

Conversion: SI to traditional units-Mean corpuscular volume: 1 fl= 1 tim3.

TABLE v-Distribution ofserumferritin concentrations above and below 10 pg/l in white andAsian children with and without infection
on admission

White Asian ethnic minority

"Infective" "Non-infective" Total "Infective" "Non-infective" Total

Ferritin (egg1):
<10 25 28 53 (23-2%) 55 23 78 (45-3%)
>10 123 52 175 (76-8%) 67 27 94 (54-7%)

Total 148 80 228 (100-0%) 122 50 172 (100-0%)

Centile:
97th 79-0 48-0 78-0 74-0 80-0 77-3
75th 37-0 22-9 33-6 31-0 25-0 29-0
50th 25-8 13-1 20-0 13-6 12-4 13-1
25th 16-0 8-9 11-0 5-4 <4-0 4-8
3rd <4-0 <4-0 <4-0 <4-0 <4-0 <4-0

white children with gastroenteritis. In all diagnostic categories there
was a tendency to more complete studies in the children from the
Asian ethnic minority, two thirds of whom were studied fully,
compared with less than half of the white children. This may have
reflected a greater willingness by the admitting doctors to recognise
the possibility of iron deficiency in the Asian children.
The 598 children whose haemoglobin concentration was

measured represented over 4%, and the 400 whose serum ferritin
value was assayed some 3%, of their age group resident in the
Bradford Health District. The results obtained in this study may
reflect results obtainable in children from the poorer sections of
society. One in three of the children had a serum ferritin concentra-
tion below 10 [tg/l, indicating very poor iron stores-in some cases

people with iron deficiency perform poorly,'3 both mentally'0 and
physically. 14 Most iron deficiency in childhood has a dietary
origin. "-'7 Whole cows' milk may additionally cause gastrointestinal
bleeding in some infants.' Good diet and the prevention of iron
deficiency is the appropriate management. Prophylactic oral iron
supplementation is generally recommended for children born small,
whether preterm or small for gestational age. '"
These findings show how useful is a "routine" full blood count in

young children admitted to hospital, whatever their ethnic origin, in
providing important information about the iron state of a sub-
stantial minority. Scrutinising the results for anaemia and micro-
cytosis, relating values to appropriate standards for age, yields a
presumptive diagnosis of iron deficiency.20 In populations where
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F1G 2-Mean corpuscular volumes distributed by age in the two ethnic groups of children studied.

f3 thalassaemia is common this should be excluded if hypochromia
and microcytosis are severe. Oral iron may be prescribed, 2 mg/kg
daily being given for two months, and the full blood count
rechecked. Failure of the microcytosis to improve mandates that
iron state should be assessed. Possible reasons include non-
compliance, inadequate dosage, or persistent occult bleeding as well
as an occasional child, severely iron deficient, who will respond only
to parenteral iron.2'

It has been suggested that iron supplementation in young
children may promote bacterial infection. There is some in vitro
evidence that iron excess promotes the growth of bacterial patho-
gens such as Escherichia coli,22 while large doses of parenteral iron
given prophylactically to Polynesian neonates were associated with
increased mortality."3 There is no convincing evidence that iron
deficiency benefits children. Bondestam et al found that Swedish
children unduly susceptible to infection had lower serum iron
concentrations.24 Giving a nutritional supplement including iron to
rural Colombian children produced an impressive reduction in
infectious disease.25 It appears that community-wide feeding pro-
grammes can virtually eliminate iron deficiency.9 In Britain children
from higher socioeconomic groups suffer less mortality and prob-
ably morbidity than those from poorer groups.26 Oral iron may
safely be administered in the dosage recommended and should not
be omitted on account of theoretical worries about infection.

Iron deficiency, though commoner, is not restricted to the Asian
ethnic minority children, being found in a quarter of the white
children. The Stop Rickets Campaign has been highly successful,
while the Women, Infants, and Children programme ofsupplemen-
tary feeding in the United States has reduced the incidence of
childhood iron deficiency.9 The extent and degree ofiron deficiency
reported here are such that a similar active intervention programme
should be considered.

Thanks are due to the children and their families, to the hospital staffwho
obtained the blood samples, to the Bradford paediatricians and haematolo-
gists, and to Dr B Payne and Dr AD Claydon..
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