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Use of plasma ferritin concentration to diagnose
iron deficiency in elderly patients

T L Holyoake, D J Stott, P J McKay, A Hendry, J B MacDonald, N P Lucie

Abstract
Aims-To determine a concentration of
ferritin below which the possibility of
iron deficiency should be considered in
elderly patients.
Methods-Consecutive new referrals to a
geriatric unit (n = 472) were studied
prospectively. Full blood count, ferritin,
serum vitamin B12 and red cell folate
were measured for all patients. A blood
film was assessed independently by three
haematologists for features of iron defi-
ciency. For those with ferritin of 12-45
nglml, bone marrow aspirates were per-
formed and examined for the presence of
stainable iron. When possible, a trial of
oral iron was given to those with ferritin
of < 45 nglml and response was deter-
mined by remeasurement of full blood
count and ferritin after a minimum of
three weeks oftreatment.
Results-Bone marrow examination was
performed in 32 patients with ferritin of
12-45 nglml, of whom 27 (84%) had
absent stainable iron, suggesting that
most elderly patients with ferritin in this
range have iron deficiency. Compared
with those with ferritin of 100-299 ng/ml,
in whom iron stores were presumed to be
normal, patients with ferritin of 12-45
nglml had a significantly lower mean
haemoglobin and mean red blood cell
volume. Furthermore, patients with fer-
ritin up to 75 ng/ml had a significantly
higher mean red cell distribution width,
and were more likely to have an iron
deficient blood film.
Conclusion-Iron deficient erythro-
poiesis can occur in elderly patients with
ferritin up to 75 nglml. This is much
higher than the lower limit of the "nor-
mal" range usually quoted for younger
subjects; this difference should be taken
into account when ferritin concentra-
tions are interpreted in elderly patients.

( Clin Pathol 1993;46:857-860)

The diagnosis of iron deficiency from the full
blood count is often difficult in elderly
patients. Multiple pathology is common in
old age, and iron deficiency and the anaemia
of chronic disease may both be present. A
hypochromic microcytic anaemia in associa-
tion with characteristic blood film appear-
ances is suggestive of iron deficiency. All of
these features, however, can be caused by

malignancy, chronic sepsis, rheumatoid
arthritis or renal failure.' 2 Furthermore, in
early iron deficiency the only abnormality in
the full blood count may be a non-specific
mild normochromic normocytic anaemia.3
Finally, patients may have latent iron defi-
ciency, with absent bone marrow iron stores,
but erythropoiesis remains unaffected and the
full blood count is normal.' Therefore, in
elderly patients, iron deficiency of any sever-
ity cannot be diagnosed reliably from the full
blood count alone.
The "gold standard" for the diagnosis of

iron deficiency is confirmation of absence of
iron stores in a bone marrow aspirate sample.
Bone marrow aspiration, however, is invasive,
and time consuming for laboratory staff.
Measurement of serum or plasma ferritin is
the best single blood test for the diagnosis of
iron deficiency, but its interpretation in
elderly patients is complicated by a tendency
for it to rise with both ageing4 and various
chronic diseases. Studies of elderly anaemic
patients have suggested that the diagnosis of
iron deficiency is likely in those with ferritin
of <45 ng/ml, compared with the lower con-
centration of < 12 ng/ml for young adults.5
We have studied further the association

between plasma ferritin, the full blood count,
and the blood film with iron deficiency in a
large cohort of elderly patients referred to a
geriatric medical unit. In particular, we aimed
to determine a level of plasma ferritin below
which the possibility of iron deficiency and
iron deficient erythropoiesis should be con-
sidered.

Methods
We studied prospectively 472 consecutive
new referrals to a geriatric medical unit. They
comprised 330 inpatients and 142 outpatients
or day hospital attenders. There were 333
women (mean age 82, range 63-101 years)
and 139 men (mean age 79, range 62-94
years).
A standard venous blood sample was taken

from all patients for full blood count (Coulter
S Plus IV), plasma ferritin (immunoradiomet-
ric assay, Ciba-Coming), serum vitamin B 12,
red cell folate (radiosorbent assays, Becton
Dickinson) erythrocyte sedimentation rate
(ESR, Westergren), serum urea and elec-
trolytes, liver function tests, calcium and
phosphate, blood sugar, thyroxine and thy-
roid stimulating hormone. Other investiga-
tions were performed depending on the
clinical presentation and the results of the

University
Department of
Haematology,
Western Infirmary,
Glasgow
T L Holyoake
P J McKay
N P Lucie
University
Department of
Geriatric Medicine,
Southern General
Hospital, Glasgow
D J Stott
Department of
Geriatric Medicine,
Gartnavel General
Hospital, Glasgow
A Hendry
J B MacDonald
Correspondence to:
Dr T L Holyoake,
University Department of
Haematology, Western
Infirmary, Glasgow
Gil 6NT.
Accepted for publication
5 May 1993

857

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.46.9.857 on 1 S
eptem

ber 1993. D
ow

nloaded from
 

http://jcp.bmj.com/


Holyoake, Stott, McKay, Hendry, MacDonald, Lucie

Table 1 Association between plasmaferritin andfull blood count indices and bloodfilm in elderly patients
Plasma
ferritin (ng/ml) 0-11 12-45 46-74 75-99 100-299 300
No of
patients 26 79 38 35 180 105
Male:female
ratio 3:23 21:58 8:30 3:32 56:124 45:60
Known

inflammatory
disease 3 (12%) 9 (18%) 6 (16%) 2 (6%) 23 (13%) 23 (22%)

Hb (g/l) 91 (24)*** 120 (22)*** 126 (19) 124 (18) 130 (20) 126 (21)
MCV (g/l) 79 (8-1)*** 87-2 (8 2)*** 90 3 (7-5) 92-5 (7-1) 92-4 (6.3) 92-2 (6 2)
RDW 16-2 (2.7)*** 15-6 (2-6)*** 15-9 (3-6)** 14-7 (1-6) 14-2 (1-4) 14-5 (2 0)
Proportion (%)

with "iron
deficient" blood
films 23/26 (88%)*** 32/39 (41%)*** 10/36 (28%)** 4/35 (11%) 25/178 (14%) 16/105 (15%)

ESR mm/h 44 (28) 41 (27) 38 (30) 51 (43) 44 (34) 57 (39)
ESR ) 100 mm/h 2/24 (8%) 3/62 (5%) 2/32 (6%) 5/29 (17%) 12/152 (8%) 13/85 (15%)

***p < 0-001, **p < 0-01 compared with group with ferritin 100-299 ng/ml.
Hb = haemoglobin.
MCV = mean cell volume.
RDW = red cell distribution width.

above blood tests. Patients found to have
malignancy (n = 39), inflammatory joint dis-
ease (n = 12), other connective tissue dis-
eases (n = 4), or chronic sepsis (n = 14) were
coded as having chronic inflammatory disease
(n = 67, two patients each had two condi-
tions coded).
A blood film was assessed (without know-

ing the results of the full blood count and
plasma ferritin) independently by three
haematologists, and graded as features sug-
gestive of iron deficiency, or no evidence of
iron deficiency; in cases of disagreement the
film was reviewed by all three and a consen-
sus view obtained for final statistical analysis.

Patients with plasma ferritin of 12-45
ng/ml were considered to have possible iron
deficiency, and consent for bone marrow
aspiration was requested. Bone marrow aspi-
rate was stained by Perls's Prussian blue
method and iron stores were then graded as
present or absent.
Where possible, the response to iron was

assessed in patients with plasma ferritin of
< 45 ng/ml; iron was given for a minimum of
three weeks and full blood count and serum
ferritin were then remeasured. A rise in
haemoglobin of > 10 g/l on this single further
reading was accepted as a positive response to
iron, and those in whom it rose by <10 g/l
were designated as non-responders. Patients
who received blood transfusion and those
who received intramuscular vitamin B12 or
oral folic acid were excluded from this
analysis.

Statistical analyses were by the Wilcoxon
rank sum test, Student's unpaired t test (2-
tailed), and the X2 test. Differences were
accepted as significant at the 5% level of
probability. Results are expressed as mean (1
standard deviation) except where otherwise
stated.

Results
Plasma ferritin and haemoglobin concentra-
tions were significantly higher in men than in
women (men: median ferritin 199 ng/ml,
mean haemoglobin 132 (24) g/l; women:

median ferritin 117 ng/ml, mean haemoglo-
bin 122 (21 g/l); Wilcoxon rank sum test
p < 0 004 and p < 0 001, respectively).

Bone marrow examination was performed
in 32 of 78 patients with ferritin of 12-45
ng/ml; 27 of 32 (84%) had absent stainable
iron. Patients with plasma ferritin of <45
ng/ml had a significantly lower haemoglobin
concentration and mean red blood cell vol-
ume (MCV) compared with those with fer-
ritin of 100-299 ng/ml in whom iron stores
were presumed to be normal (table 1).
Furthermore, patients with plasma ferritin up
to 75 ng/ml had a significantly higher red cell
distribution width (RDW, an index of red
blood cell size heterogeneity), and an
increased proportion of individuals with
blood films suggestive of iron deficiency
(table 1). Exclusion of the 67 patients identi-
fied as having chronic inflammatory disease
did not affect these results.
A total of 38 of 472 patients had an MCV

of <80 fl; in 33 of these the ferritin was < 75
ng/ml, and in the remaining five the ferritin
was > 100 ng/ml. There was a history of
chronic inflammatory disease or an unex-
plained increase in ESR (> 100 mm/h) in
four of five of these patients with an MCV of
<80 fl and ferritin of > 100 ng/ml.
Of 41 patients with serum ferritin of > 100

ng/ml who had features of iron deficiency on
blood film examination, only 15 had known
chronic inflammatory disease, and one fur-
ther patient had an increased ESR of > 100
mm in the first hour that was unexplained.

In 66 (14%) of patients all three haematol-
ogists agreed that the blood film appearances
were consistent with iron deficiency, and in
311 (66%) all agreed the film was normal.
This left 91 (19%) patients in whom there
was disagreement about the presence or
absence of iron deficiency on blood film
examination.
The haematological response to iron (oral

administration n = 48, intramuscular admin-
istration n = 2) was assessed in 50 patients
with plasma ferritin of <45 ng/ml. A median
total dose of 5-0 (range 3-8-11-3) g of ele-
mental iron was given over a median time of
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Table 2 Baseline haematology in 50 elderly patients with
plasma ferritin <45 nglml

"Responders" "Non-responders"

No of
patients 23 27
Hb (g/l) 102 (19)*** 127 (19)
MCV (fl) 80-7 (8.5)*** 88-4 (5 7)
RDW 17-0 (2-1)** 14-8 (2-6)
Ferritin (ng/ml) 19-7 (12-7)* 28-1 (11-8)
Number (%) with
"iron deficient"
blood films 19 (83%)*** 7 (26%)

*p <005 **p < 001 ***p<0.001.
Hb = haemoglobin.
MCV = mean cell volume.
RDW = red cell distribution width.
Comparing "responders" (those in whom Hb rose by > 10 W/i
after a minimum of 3 weeks of iron treatment) with "non-
responders" (those in whom haemoglobin rose by ) 10 gWl).

four (range three to nine) weeks. With iron
treatment there was a rise in haemoglobin of
11-8 (18-9) g/l from a baseline of 115-8
(22 5) g/l, an increase in MCV of 2d1(5'9) fl
(baseline 84-8 (8 1) fl) and plasma ferritin
rose by 49 (69) ng/ml (baseline 24 (13)
ng/ml). Patients who responded to oral iron
with an increase in haemoglobin of > 10 g/l
had significantly lower baseline mean MCV
and ferritin, higher mean RDW, and were
more likely to have a blood film suggestive of
iron deficiency, when compared with patients
who did not respond (those with an increase
in haemoglobin of <10 g/l) (table 2). There
was a large overlap between responders and
non-responders in most of these variables,
but a response to iron was seen in 19 of 26
(73%) of patients with changes suggestive of
iron deficiency on their blood films, com-
pared with only four of 24 (17%) of those
with normal films.

Discussion
There was good evidence to suggest that a
plasma ferritin of < 45 ng/ml usually indi-
cated iron deficiency and was often associated
with iron deficient erythropoiesis; 84% of
patients with ferritin of 12-45 ng/ml who had
a bone marrow examination performed had
absent stainable marrow iron stores; a plasma
ferritin of < 45 ng/ml was associated with
reductions of haemoglobin and MCV, a
raised RDW, and an increased prevalence of
iron deficient blood films. About half the
patients with ferritin of < 45 ng/ml who were
treated with iron responded with a rise in
haemoglobin of > 10 g/l. The non-responders
are likely to be patients with latent iron defi-
ciency or to be only very mildly affected by
erythropoiesis, although a few may have failed
to respond due to poor absorption of iron or
continuing gastrointestinal blood loss.

Although we have further established the
validity of a plasma ferritin of <45 ng/ml as
indicating likely iron deficiency, this may not
be the most appropriate cutoff point to
exclude this diagnosis. Indeed, we found that
a plasma ferritin of up to 75 ng/ml was associ-
ated with a raised mean RDW and an
increased prevalence of iron deficient blood
films. A raised RDW is thought to be a more

sensitive measure for early iron deficiency
than MCV or mean cell haemoglobin concen-
tration.6 Therefore, our results suggest that
iron deficiency should be considered in
elderly patients with plasma ferritin up to 75
ng/ml. Similar results have been reported
from a study of anaemic elderly patients, in
which absent bone marrow iron stores were
found in 64% and 21% of those with ferritins
of 18-45 ng/ml and 46-100 ng/ml, respec-
tively.5
An initial MCV of <80fl was highly likely

to be associated with iron deficiency, particu-
larly when those patients with known chronic
inflammatory disease or a grossly raised ESR
were excluded; in these circumstances mea-
surement of serum ferritin may be unneces-
sary. Pronounced microcytosis, however, was
present in only a minority of those with iron
deficiency, limiting the utility of the MCV as
a diagnostic acid.
We found that a high percentage (22%) of

patients had a serum ferritin of > 300 ng/ml.
This is likely to be due to a combination of
the effects of ageing and the burden of acute
and chronic illness within this population.
Ferritin is an acute phase reactant and
increases dramatically in acute as well as
chronic illness.7 Ageing has a separate and
additional effect, however, causing a rise in
serum or plasma ferritin.4
The classic blood film appearances of red

blood cell anisocytosis, poikilocytosis (includ-
ing elongated cells), and hypochromia had
poor specificity for iron deficiency when the
blood film was interpreted in the absence of
other haematological data. About 15% of
patients with serum ferritin of ) 100 ng/ml
had blood film features suggestive of iron
deficiency; these findings could be attributed
to chronic inflammatory disease in less than
half of these patients. Other investigators
have reported variability in the reporting of
anisocytosis8 and red blood cell fragments9 on
blood films. Furthermore, some features sug-
gestive of iron deficiency can be due to arte-
facts produced in the preparation and
staining of films.'0 It is clear that patients with
mild anaemia and blood film features of iron
deficiency cannot be assumed to have iron
deficiency; measurement of serum ferritin to
clarify iron status is indicated in such individ-
uals. The blood film was of some value, how-
ever, in determining whether patients with
low serum ferritin (.< 45 ng/ml) would have a
haematological response to iron. Patients
with a normal blood film were unlikely to
respond, while a haematological response to
iron occurred in most patients with blood
film appearances consistent with iron
deficiency.

Accurate diagnosis of iron deficiency
anaemia is important as it can be readily
treated with iron, and, even more impor-
tantly, as it is often caused by chronic gastro-
intestinal blood loss." The pickup rate of
treatable gastrointestinal pathology on
endoscopy or barium studies is as high as
66% in elderly patients with iron deficiency
anaemia and a haemoglobin of <100 gl. 12
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The value of investigating the gastrointestinal
tracts of elderly patients with mild iron defi-
ciency anaemia or latent iron deficiency is
unclear.

In conclusion, this study provides evidence
that iron deficient erythropoiesis can occur in
elderly patients with plasma ferritin up to 75
ng/ml. This is much higher than the lower
limit of the "normal" or reference range usu-

ally quoted for young subjects; this difference
should be taken into account when plasma
ferritin concentrations are interpreted in
elderly patients.
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