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The diagnosis of iron deficiency in patients with
Crohn's disease
J. A. CHILD, B. BROZOVI(, N. H. DYER, D. L. MOLLIN, AND A. M. DAWSON
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SUMMARY Red cell indices were determined and bone marrow was examined in a selected group of
21 patients with Crohn's disease who had a routine peripheral blood picture suggestive of iron
deficiency. Only nine (43 %) ofthese patients had no stainable iron stores in the marrow fragments and
could be considered as being definitely iron deficient. All indirect measurements in the diagnosis of
iron deficiency, except the total iron-binding capacity (TIBC), appeared likely to result in over-
diagnosis. Iron-deficient erythropoiesis, without true deficiency, may be due to the inflammatory
disease process and this study indicates that the examination ofbone marrow aspirate is necessary for
the certain diagnosis of iron deficiency in Crohn's disease.

Anaemia is a well known complication of Crohn's
disease and deficiencies of iron, folate, and vitamin
B12 have been variously implicated as underlying
causes, although the inflammatory disease process
itself may also affect erythropoiesis (Dyer, Child,
Mollin, and Dawson, 1972a).
The early reports that a hypochromic anaemia

was to be found in approximately 50% of patients
with Crohn's disease (Plum and Warburg, 1939;
Clark and Dixon, 1939) led to the general view that
iron deficiency was the common cause of anaemia,
and it has been stated recently that 'the majority of
patients have an iron deficiency anaemia' (Fielding,
1972). As blood film appearances and red cell
indices suggestive of iron deficiency may occur in
inflammatory disease states when there is no true
iron deficiency (Bainton and Finch, 1964; Cartwright,
1966; Cartwright and Lee, 1971) and the values for
serum iron and iron-binding capacity may be
inconclusive (Beutler, Robson, and Buttenweiser,
1958; Cartwright, 1966; Scott and Pritchard, 1967;
Nixon and Olson, 1969), the ultimate criterion for the
diagnosis of iron deficiency should be the absence of
bone marrow iron stores. Hoffbrand, Stewart,
Booth, and Mollin (1968), in a study of folate
deficiency in Crohn's disease, recorded that nine
(39 %) of 22 patients had no iron in the bone
marrow. Dyer et al (1972a) investigated 63 patients
with Crohn's disease and found bone marrow iron
stores to be absent in the same proportion of patients

Received for publication 31 May 1973.

(39 %) but they also noted features suggestive of iron
deficiency in the blood films of 50% of patients. In
order to examine further the significance of an 'iron-
deficient' blood picture in Crohn's disease and the
relation to iron status based on marrow examination,
the present investigation was carried out.

Materials and Methods

Twenty-one patients with Crohn's disease had
suggestive evidence of iron deficiency in the routine
blood picture, ie, hypochromia, with or without
microcytosis in the blood film and/or red cell indices
which indicated the possibility of iron deficiency. All
were inpatients, having been admitted because of
symptoms referable to Crohn's disease. The diagnosis
of Crohn's disease had been or was subsequently
established by histology in all but seven patients, in
whom the diagnosis was based on typical clinical
and radiological features. There were nine men and
12 women. Eight patients had previously undergone
resection of diseased bowel. Five patients had
extensive disease involving small bowel and colon;
nine patients had disease involving terminal ileum
and caecum; two patients had terminal ileal and
proximal colonic involvement (ileo-colic); and five
had predominantly colonic involvement. The activity
of the disease was arbitrarily graded, by a scoring
system based on certain clinical and laboratory
findings (Dyer, 1970), into seven grades. Grades
0-III were regarded as mild to moderate and grades
IV-VI were designated as 'active'. Of the 21 patients,
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eight (38 %) had 'active' disease. Four patients were
on small maintenance doses of prednisone/prednis-
olone at the time of the initial investigations. None of
the patients had received a total dose infusion of iron
in the past. Red cell indices were determined and bone
marrow aspiration was carried out in all patients.
Thirteen of the 21 patients were investigated bio-
chemically in more detail than the rest. Twelve
patients were re-assessed haematologically following
an interval of three months' treatment. None of these
12 patients underwent surgery or was transfused
during this period, and their treatment, in addition
to simple symptomatic treatment, whichwas unlikely
to affect haemopoiesis, took the form of iron, steroids
(prednisone/prednisolone) or a combination of both.
Iron therapy initially took the form of a total dose in-
fusion to ensure correct dosage and to avoid gastro-
intestinal upset. The dose of steroids varied according
to response but those patients who were started on
steroids for the first time were given maximum doses
(40-60 mg/day) initially and reducing doses subse-
quently.
Haemoglobin level (Hb) was determined by

cyanmethaemoglobin photoelectric colorimetry and
the packed cell volume (PCV) was measured by a
micromethod (Dacie and Lewis, 1968). The accepted
normal ranges for these methods are: Hb, 13.5-18.0
g/100 ml (men); 11.5-16.5 g/100 ml (women); PCV,
40-54% (men); 35-47% (women). Mean cell volume
(MCV) was obtained using the Waterfield sphero-
cytometer (Child, King, Newman, and Waterfield,
1966, 1967). The normal range is 80-97 fl. Mean
corpuscular haemoglobin (MCH) and mean corpus-

cular haemoglobin concentration (MCHC) were
derived by calculation from the measured indices.
The accepted normal ranges for these methods are
27-32 pg and 30-35%, respectively (Dacie and
Lewis, 1968). It should be noted that the MCHC was
derived from the haemoglobin level and PCV not
from electronically produced indices.

Films of bone marrow aspirates were stained with
May-Grunwald-Giemsa and in addition, for iron,
with potassium ferrocyanide. The evaluation of iron
stores was based on the examination of three films,
in which several marrow fragments could be seen.
The stainable bone marrow iron stores were graded
as absent (0), diminished (+), normal (+ +), or
increased (+ + +) by the criteria of Beutler et al
(1958).
Serum iron concentration was measured by an

automated micromethod (Garry and Owen, 1967)
using an AutoAnalyzer (Technicon); normal values
range from 65 to 160 gg/100 ml. Unsaturated iron-
binding capacity was measured by a semi-automated
micromethod with radioactive iron (Brozovic and
Copestake, 1969). From these two measurements the
total iron-binding capacity (TIBC) and-the transferrin
saturation were calculated; the normal ranges are
290 to 410 ,g/100 ml and 20 to 50%, respectively.
The uptake of iron in vitro by reticulocytes was
determined as described by Brozovic (1970). Iron
uptake by reticulocytes is normally less than 0.2 ,ug
Fe/ml reticulocytes. Increased iron uptake indicates
iron deficiency, and values above 0.5 ,ug Fe/mI
reticulocytes have been consistently found in iron-
deficiency anaemia (Brozovi6, 1970).

Patient Age (yr) Duration of Symptoms (yr) Site of Disease Grade Haemoglobin (g/100 ml) Bone Marrow Iron Stores

M.W. V
S.H. V
E.C. V
J.K. 2
E.L. V
J.C.(a) 9
P.B. dT
D.M. 3
R.M.
M.H. @
S.S.
I.H. 9
J.C.(b) v
L.A. V
H.R. 3
C.W. V
C.J. d

D.C. 9
A.M. V
R.P.
N.W. d

38
36
44
34
46
33
15

18
21
16
31
37
26
29
42
15

24
22
25
21
33

25
12
10
11
15

10
1

<I
4
4
2
l
7
12
2
2
2

3
<1

3
l

Ileoocaecal
Colic
Ileo-caecal
Ileo-caecal
Colic
Ileo-caecal
Ileo-caecal
Extensive
Ileo-caecal
Ileo-caecal
Colic
Ileo-caecal
Ileo-caecal
Ileo-caecal
Colic
Extensive
Colic
Ileo-caecal
Extensive
Extensive
Extensive

I
I
I
II

II

II

II

II
III

III
III

III

III
iv

iv

Iv

Iv

Iv

IvV

V

11-7
6-7
12-6
11-2
8-8
10-2
11-9
12-2
11-6
8-8

10-2
12-2
11-0
6-1
11-2
8-1

10-3
9.7
11-8
10-2
8-5

0

0

01
01
0
0

0

0

+

+++
+

+'

+

+

+'

++

'rable I Clinical details, haemoglobin levels, and bone marrow iron status of21 patients with Crohn's disease
'Marrow also showed mild megaloblastic change
'Marrow also showed marked megaloblastic change
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Results

HAEMOGLOBIN LEVELS

The values are given in table I. All the men and all but
four of the women were anaemic.

THE MEAN CORPUSCULAR HAEMOGLOBIN

CONCENTRATION (FIG 1)
This ranged from 23.5 to 32.0%. Twelve patients
(57%) had low values (<30 %), and, of these, only
seven had no iron stores. Two patients with no
iron stores had values above 30%.

THE MEAN CORPUSCULAR HAEMOGLOBIN

(FIG 1)
This ranged from 13.0 to 31.5 pg. Eighteen patients
(86 %) had low values ( < 27 pg) and of these only
nine had no iron stores.

THE MEAN CELL VOLUME (FIG 1)

This ranged from 55 to 109 fl. Thirteen patients (62 %)

had low values (< 80 fl) and of these only seven had
no iron stores. Two patients without iron stores had
values above 80 fl.

SERUM IRON, TIBC, TRANSFERRIN SATURATION,
AND IRON UPTAKE BY RETICULOCYTES
(13 PATIENTS) (FIG 2)
Serum iron concentration was reduced in all the
patients regardless of the amount of stainable iron
in the bone marrow. Total iron-binding capacity was
increased in four patients, all of whom had no
marrow iron stores. In most of the patients with
stainable iron in the bone marrow, TIBC was below
the lower limit of normal and in only two patients
was it within the normal range. Transferrin satur-
ation was low in all except one of these patients.
Iron uptake by reticulocytes was increased in all but
four patients, three of whom had reduced, one
normal, and one increased, iron stores.
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Fig 1 The distribution of values for MCHC, MCH,
and MCV.
Open circles indicate patients with no iron stores. The
shaded areas represent the normal ranges and solid
horizontal lines, the means for the patients.
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Fig 2 The distribution of values for serum iron, total
iron-binding capacity, transferrin saturation, and iron
uptake by reticulocytes A female a male
Open symbols indicate patients with no iron stores.
The shaded areas represent normal ranges and interrupted
horizontal lines, the means for the patients.
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OCCULT BLOOD IN STOOL
Routine tests did not suggest significant blood loss
in any patient except one (C.J.) with rectal involve-
ment by the inflammatory process.

BONE MARROW ASSESSMENT
Two patients (C.W. and N.W.) had marked megalo-
blastic change associated with folate deficiency. A
further two patients (E.C. and J.K.) had mild megalo-
blastic change and no iron stores; they also were
folate deficient.

Iron stores, as evaluated by the examination of the
stainable iron in the marrow aspirate, were com-
pletely absent (0) in nine patients, reduced (+) in
nine patients, normal (+ +) in one patient, and
increased (+ + +) in two patients (table I).

THE PATIENTS WITH ABSENT IRON STORES

Women (7 patients)
Three (M.W., J.K., and E.L.) had menorrhagia and
subsequently underwent hysterectomy. Two of these
patients had uterine fibroids.
Two others (L.A. and E.C.) were anorexic for

long periods and could be regarded as having
generally deficient diets with low iron intake. Both
were menstruating, but apparently not excessively.
The remaining two (S.H. and J.C.(a)) were men-

struating women who did not appear to have in-
adequate diets, excessive menstrual loss, or any
other significant blood loss.

Men (2 patients)
One was pubertal (M.H., aged 16) and showed
evidence of retarded development, the other (R.M.,
aged 21) had been ill for four years with severe
Crohn's disease.

reduced transferrin saturations (fig 3) only the four
patients with no iron stores in the marrow had
values for TIBC above the normal range. In addition,
in the latter patients, iron uptake by reticulocytes
was appreciably increased. Therefore, in these four
patients there was a perfect agreement between all the
parameters measured, which unequivocally indicated
iron deficiency. The rise in the haemoglobin levels
after treatment with iron was further evidence that
these patients were lacking iron. The remaining
patients with reduced (+), normal (+ +), or in-
creased (+ + +) stainable iron in the bone marrow
had reduced serum iron concentrations, reduced or

17

16
Hb

g/lOOmI
15

14

13

E

- 12
z

0
-- 11
0

10

RELATIONSHIP BETWEEN IRON STATUS
SHOWN BY BONE MARROW EXAMINATION
AND OTHER PARAMETERS 9

8
The red cell indices
Whilst the lower values for MCHC, MCH,and MCV
were found in those with no iron stores (fig 2)
there was no significant correlation between the
presence or absence of iron stores and values for
these indices above or below the accepted lower
limits of normal. (The Chi square test with Yates's
correction was used.)

Serum iron, TJBC, transferrin saturation, and iron
uptake by reticulocytes
Although all patients investigated had reduced serum
iron concentrations and all, except one, greatly

7
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50L
Fig 3 The comparison between the values for haemo-
globin level andfor MCVon admission and three
months after starting treatment' in 12 patients.
%I, iron; S, steroids; SI, steroids and iron.
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Patient Grade of Increase in Haemoglobin Increase in MCV Bone Marrow Iron Stores Principal Forms
Crohn's following Treatment following Treatment (fl) of Treatment'

(g/I10 ml) Before Treatment After Treatment

S.H. V I +7-3 ( 6-7-14-0) +39 (55-94) 0 + + I
E.C. V I +2-4 (126-15-0) +23 (80-103) 0 + + SI'
J.K.g II +2-3 (11-2-13-5) +20 (82-102) 0 + + Si'
E.L. 9 II +57 ( 8-8-14-5) +31 (59-90) 0 + + I
J.C.(a) 2 Ii +2-4 (10-2-12-6) + 9 (7685) 0 + + I
P.B. d II +1-6 (11-9-13-5) 0 (79-79) + + + SI
I.H. V III +0-3 (12-2-12-5) +11 (80-91) + ++ SI
J.C.(b) V III +2-2(11-0-13-2) + 2(79-81) + ++ I
C.J. d IV +3-4 (10-3-13-7) + 5 (86-91) + + + SI
D.C. 9 IV +2-1 ( 9-7-11-8) + 2(78-80) + ++ I
A.M. V IV +4-5 (11-8-16-3) +11 (82-93) + + S
R.P. d V +3-8 (10-2-14-0) +19 (79-98) + + + + S

Table Il The haemoglobin levels, valuesfor MCVand bone marrow iron status on admission and three months
after starting treatment in 12 patients.
1 = Iron; S = Steroids; SI = Steroids and iron.
'Patients receiving continuation of small maintenance doses of steroids.

normal TIBC, and decreased transferrin saturations
(with one exception); the iron uptake by reticulo-
cytes was normal or modestly increased except in
one patient (C.J.) These features were more suggestive
of 'the anaemia of chronic disease' than iron-defici-
ency anaemia.

THE HAEMATOLOGICAL RESPONSE TO
TREATMENT
The changes in haemoglobin levels and MCV in 23
patients when re-assessed following an interval of
three months are shown, with the bone marrow iron
status, in fig 3 and table IT. The principal forms of
treatment of possible haematological relevance are
also indicated.

There were increases in haemoglobin level in all
patients (significant increases in all except 1.H.) and
increases in MCV in all but one patient (P.B.). Iron
repletion in the four patients with no iron stores
produced marked changes in MCV. However, two
(J.K. and E.C.) were also folate deficient and this was
presumably the underlying cause of the macrocytosis,
which was not a transient phenomenon following
iron therapy but due to megaloblastic change. Two
patients (A.M. and R.P.) showed a good response to
steroids alone.

Discussion

The present study of patients with Crohn's disease
suggests that whereas very low values for MCHC,
MCH, and MCV are usually associated with the
absence of marrow iron stores, there are patients
with subnormal values for these indices who have
iron stores in the marrow. A peripheral blood film
and red cell indices which suggest the possibility of
iron deficiency may or may not indicate true iron

deficiency (Bainton and Finch, 1964); it may equally
be due to ineffective iron utilization-iron-deficient
erythropoiesis without iron deficiency. This is said
to be especially true in inflammatory disease states
(Bainton and Finch, 1964; Cartwright and Lee,
1971). It is apparent that reliance on the peripheral
blood picture alone will result in the overdiagnosis
of iron deficiency in Crohn's disease.
Of the other indirect aids to diagnosis, the serum

iron concentration was below normal and generally
very low in all 13 patients investigated, though only
four of this group had no iron stores. Both the
present and a previous study (Dyer et al, 1972a) indi-
cate that a low serum iron would not be reliable in
the diagnosis of iron deficiency in Crohn's disease.
Similarly, a low percentage transferrin saturation was
found in all but one of these patients. It has been
observed by several workers that serum iron con-
centrations are reduced, and sometimes markedly
so, in patients with chronic inflammatory disease
states when there is no true iron deficiency (Bainton
and Finch, 1964; Nixon and Olson, 1969; Cartwright
and Lee, 1971) and yet assumption of iron deficiency
on this basis is still made (Eade, Cooke, and Williams,
1972). The increased TIBC was of more diagnostic
value and was found in all those patients with no
iron stores. The previous study, which included more
patients, demonstrated that the absence of iron stores
is not necessarily associated with an increased TIBC
and a subnormal TIBC does not definitely exclude
iron deficiency (Dyer et al, 1972a). The reticulocyte
uptake of iron was increased in those patients with
no iron stores but did not provide a sharp
differentiation.

In this selected group of patients with peripheral
blood pictures suggestive of iron deficiency, bone
marrow iron stores were absent in only nine (43 %)
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of the 21 patients. A further nine had reduced iron
stores (all of these had more than the 'trace' amounts
sometimes encountered). For the purpose of this
study, iron deficiency based on marrow iron stores
was defined in 'all-or-none' terms. The significance
of reduced stores is not clear, especially in patients
with chronic inflammatory disease states, and further
work is urgently required to clarify this. However,
it is generally accepted that hypochromia in the
blood film, red cell indices of iron deficiency, and
marked reduction in serum iron and transferrin
saturation do not usually occur until iron stores are
exhausted (Beutler et al, 1958; Bothwell and Finch,
1962; Conrad and Crosby, 1962). Two patients had
increased iron stores. This apparent contradiction
of abundant iron and iron-deficient erythropoiesis is
found typically in association with chronic inflam-
mation and malignancy (Bainton and Finch, 1964;
Cartwright, 1966).

It is worth noting that, in complete contrast,
marrow iron stores may sometimes be absent with
no associated peripheral blood abnormalities
(Stevens, Coleman, and Finch, 1953; Beutler, 1959;
Ellis, Jensen, and Westerman, 1964; Verloop, 1970;
Child, Bowry, and Knowles, 1973).
Although the response to treatment should

provide further evidence as to the cause of the 'iron-
deficient' blood picture, there are obvious difficulties
in distinguishing the separate effects of the natural
course of the disease, altered nutritional status,
treatment of the inflammatory disease process itself,
and treatment with haematinics. It seemed likely
that those patients with no iron stores would
only respond rapidly to the administration of iron
and there was, indeed, a clear response in terms of
increase in haemoglobin levels and MCV with
repletion of the bone marrow iron stores. None of
these patients had 'active' Crohn's disease (>grade
III). The haematological response to iron therapy in
patients with reduced iron stores was generally much
less striking; in all except two cases steroids were
also given in full doses. There is no good evidence
that iron therapy alone will benefit such patients,
although restoration of their reserves to normal may
be desirable. Theoretically, the iron-deficient erythro-
poiesis which is not caused by 'true' iron deficiency
should respond to treatment which reduces the
activity of the inflammatory process, and the fact
that two patients (A.M. and R.P.) with active disease
showed an apparent reversion to normal erythro-
poiesis following treatment with steroids alone
provides some tentative evidence to suggest that this
may be so.
Of the nine patients with no iron stores, three

women had pathological blood loss unrelated to
Crohn's disease. Dietary inadequacies appeared to

be a likely cause of iron deficiency in four other
patients, though intestinal blood loss could not be
definitely excluded. It appears that about a third of
apparently healthy non-anaemic women of child-
bearing age have no or depleted bone marrow
iron stores (de Leeuw, Lowenstein, and Yang-Shu
Hsieh, 1966; Scott and Pritchard, 1967; Hallberg,
H6gdahl, Nilsson, and Rybo, 1968) and the inci-
dence of iron deficiency in females with Crohn's
disease is probably only slightly above that in the
'normal' population. Clearly, iron deficiency could
result from blood loss from the intestinal lesions of
Crohn's disease, although preliminary investigations
of Dyer, James, and Meynell (1972b) suggest that
the intestinal blood loss is often minimal. Dietary
deficiency of iron may be of more importance in
producing the iron-deficient state. This question
requires further examination.

There may well be a more 'precarious' iron balance
in many patients with Crohn's disease due to reduced
dietary intake and, possibly, intermittent intestinal
blood loss. However, true iron deficiency is probably
less frequent than previously thought, and it is
suggested that the examination of bone marrow is a
useful and justifiable investigation in patients with
this disease.
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