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ABSTRACT

The aim of this observational study was to biochemically characterize the anaemia in GCA (giant cell arteritis) and
PMR (polymyalgia rheumatica) patients. Values for mean corpuscular volume, mean corpuscular hemoglobin and solu-
ble transferrin receptor were normal, whereas serum iron and total iron binding capacity (TIBC) were subnormal, and
mean ferritin was above the upper reference limit. Iron-restricted erythropoiesis (IRE), defined as a bone marrow smear
staining positive for iron in combination with transferrin saturation less than 20%, was present in all patients. All pa-
tients exhibited clinical and biochemical signs of active inflammation with elevated C-reactive protein and an increased

erythrocyte sedimentation rate.
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1. Introduction

Anaemia in diseases that induce an inflammatory re-
sponse, e.g. cancer, infection and rheumatic diseases, is
commonly caused by iron-restricted erythropoiesis (IRE),
i.e., iron is not available for erythropoiesis since it is se-
questered in reticuloendothelial system macrophages by
Interleukin-6 dependent hepcidin degradation of ferro-
portin, the sole transmembrane iron exporting protein
[1-5]. Hepcidin-induced ferroportin degradation in en-
terocytes also reduces uptake of dietary iron, which fur-
ther restricts erythropoiesis. In the nephrology setting,
IRE is commonly known as functional iron deficiency
(FID) and seen in anaemic chronic kidney disease (CKD)
patients receiving erythropoiesis stimulating agents (ESAs)
[6]. In these patients, an ESA-driven supraphysiological
erythropoiesis is restricted by the delivery of iron to the
bone marrow erythroblasts, which sometimes leads to
ESA hyporesponsivness. This condition can be success-
fully treated by intravenous (iv) iron supplementation [6],
which also augments the effect of ESA treatment in can-
cer patients [7]. Giant cell arteritis (GCA) and polymyal-
gia rheumatica (PMR) are biochemically characterized
by a marked inflammatory response in the form of anae-
mia, thrombocytosis, an elevated erythrocyte sediment-
tation rate (ESR) and increased C-reactive protein (CRP)
[8]. Anaemia is common in GCA and PMR and can be
the only presenting finding [9-11]. The aim of this ob-
servational study was to biochemically characterize the
anaemia in GCA and PMR patients.
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2. Material and M ethods

This observational study on blood and bone marrow
samples collected during routine anaemia investigation
was conducted at the Department of Medicine, Capio
Sankt Gorans Hospital, Stockholm, Sweden. Six ane-
mic patients who fulfilled the diagnostic criteria for giant
cell arteritis (n = 4) [12] or polymyalgia rheumatica (n =
2) [8] were included. Anaemia was caused by an infla-
mematory response in all patients. Other causes of anae-
mia such as B12, folate or iron deficiency were excluded.
None of the patients suffered from renal failure, hypo-
thyreoidism or haemolysis. Leukemia, lymphoma, my-
elodysplastic syndromes and myeloma were excluded by
bone marrow examination. All procedures were in accor-
dance with the Helsinki declaration of 1964. None of the
patients received iron supplementation or had received
red blood cell transfusion before inclusion. Haemato-
logical data, biochemical iron status, CRP and ESR were
analysed in all patients. Bone marrow smears were stained
by the May-Grunwald-Giemsa method and bone mar-
row iron stores investigated using Prussian blue stain-
ing. Complete blood counts were performed using the
ADVIA 2120 analyzer (Siemens Diagnostics, Deerfield,
IL, USA). CRP, iron and total iron binding capacity
(TIBC) were determined by means of ADVIA 2400 and
soluble transferrin receptor (sTfR) using BN ProSpec
(Siemens Diagnostics, Deerfield, IL, USA). Ferritin was
analysed using ADVIA Centaur XP. All reagents were
from Siemens Diagnostics, with the exception of the
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TIBC assay, which was produced by Dakopatts (Da-
kopatts, Dorchester, UK). Laboratory reference values
for Hb are >134 g/L for men and >117 g/L for women,
mean corpuscular volume (MCV) 82 - 98 fL., mean cor-
puscular haemoglobin (MCH) 27 - 33 pg, iron 9 - 34
pmol/L, TIBC 47 - 80 pmol/L, transferrin saturation
(TSAT) 15% - 60% for men and 10% - 50% for women,
ferritin 20 - 375 pg/L for men and 7-120 pg/L for women,
CRP <5 mg/L, sTfR 0.8 - 1.7 mg/L and ESR < 20 mm.
TSAT is calculated by the formula: (iron/TIBC) x 100.
IRE is commonly defined as TSAT < 20% in combina-
tion with ferritin >100 pg/L [6,13], but in this trial it was
defined as TSAT < 20% in combination with a bone
marrow smear staining positive for iron. All analyses
were performed at the Department of Clinical Chem-
istry, Capio Sankt Gorans Hospital, with the exception of
the bone marrow analyses, which were performed at the
Department of Pathology, Capio Sankt Gorans Hospital.
Statistical analyses were conducted using the SigmaPlot
11 software package (Systat Software, San Jose, CA,
USA). Quantitative variables were expressed as means =+
standard deviations. ESR was expressed as range.

3. Results and Discussion

The aim of this observational study was to characterize
the anaemia in a population of anaemic patients with
GCA and PMR. Mean Hb and TSAT were 102.3 g/L and
9.7%, respectively (Table 1) and all patients fulfilled the
criterion for IRE, i.e. TSAT < 20% in combination with a
bone marrow smear staining positive for iron. The reason
for using this definition of IRE is that in patients who
suffer from inflammatory diseases, the biochemical iron
status is affected by acute-phase responses [14]. Under
these circumstances, the best way to assess the iron status
of an individual is to perform a bone marrow iron stain-
ing [15]. Thus, in the rheumatology setting, the optimal
definition of IRE is probably a positive bone marrow iron
staining in combination with TSAT < 20%. Mean values
for MCV, MCH, and sTfR were normal, whereas mean
serum iron and TIBC were subnormal, and mean ferritin
above its upper reference limit (Table 1). All six patients,
whose mean age was 78 (range 60 - 85) years exhibited
clinical and biochemical signs of active inflammation
with a mean CRP of 58.7 mg/L and elevated ESR (range
27 - >100).It has recently been reported that the low
TSAT in a population of elderly hospitalized anaemic pa-
tients with IRE was solely caused by a low serum iron
concentration [16]. In contrast, in the present study, both
mean serum iron and TIBC were subnormal. This is in
line with the common finding that transferrin (transferrin
[g/L] = TICB [umol/L] divided by 25.1) acts as a “nega-
tive” acute phase protein [17]. Anaemia is frequent in
GCA and PMR at diagnosis [9-11], but there are no re-
ports on the prevalence of IRE in these patients using the
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Table 1. Haematological, biochemical iron data, CRP and
ESR in anemic patients with GCA and PMR. Data are ex-
pressed as mean + SD. For ESR, data are expressed as
range.

Variable Value
Age (years) 78+9
Hb (g/L) 1023 +6.1
MCV (Fl) 92.8+9.5
MCH (pg) 31.2£3.0
Iron (umol/L) 44425
TIBC (umol/L) 440453
TSAT (%) 9.7+48
Ferritin (ug/L) 510+ 191
CRP (mg/L) 58.7+60.7
ESR (mm/h) 27 ->100
STfR (mg/L) 1.39+0.47

Abbreviations: MCV, mean corpuscular volume; MCH, mean corpuscular
hemoglobin; TIBC, total iron binding capacity; TSAT, transferrin saturation;
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; sTfR, soluble
tranferrin receptor.

more strict definition of IRE, including a bone marrow
iron staining, except from one small study in which 3/3
anaemic GCA patients fulfilled this IRE definition [16].
In rheumatoid arthritis (RA), the prevalence of anaemia
of chronic disease (ACD) is 30% to 49% [18,19], and the
pathogenetic mechanisms behind ACD partly ovelap those
in IRE [1,20]. In the study by Vreugdenhil and co-
workers 30% of the RA patients exhibited ACD and their
mean TSAT was 5%. This, and the results from a study
by Jeffrey [21], in which mean TSAT in anaemic RA
patients was below 10%, support the finding that IRE is
common in rheumatic diseases. There are no published
data on ESA treatment with or without iron supplementa-
tion or iron treatment alone in anaemic GCA and PMR
patients. In rheumatoid arthritis (RA), several trials have
shown that ESA treatment with or without iron supple-
mentation increases Hb and quality of life [22-24]. In
two of these trials [22,24], 88% and 82% of the patients,
respectively, developed FID and exhibited a response to
iron supplementation during ESA treatment. Furthermore,
some reports indicate that parenteral iron alone can in-
crease Hb levels in iron-replete anaemic RA patients [25,
26], although there are concerns that iron therapy in ac-
tive RA can exacerbate the disease [27,28]. FID is com-
mon in the nephrology setting [6] and iv iron supple-
mentation decreases the ESA requirement in CKD pa-
tients [29]. It has also been demonstrated that iv iron
alone raises Hb in anaemic iron-replete patients with
CKD [30,31]. In the trial by Mirescu and co-workers, iron
treatment was associated with a 40% increase in the per-
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centage of patients with TSAT > 20% [31]. In the FAIR-
HF trial intravenous iron treatment of iron-deficient ana-
emic and non-anaemic patients diagnosed with conges-
tive heart failure improved self-reported Patient Global
Assessment and NYHA functional class compared to
placebo [32]. However, in the above-mentioned trial,
patients with IRE and non-IRE were not reported sepa-
rately. In the haematology/oncology setting, three trials
including anaemic patients suffering from cancer have
shown that those with IRE have a better erythropoietic
response when treated with ESA supplemented with iv
iron than those receiving ESA only [33-35]. In the NIFe
trial [34], all patients with biochemical signs of IRE at
any time during the trial had an erythropoietic response
to ESA plus iv iron, defined as an increase in Hb > 20
g/L, compared to 54% in the ESA only group. In the trial
by Katriditou and co-workers [35], hypochromic eryth-
rocytes (HYPO%) < 5% was identified as a predictive
factor for response to ESA. Furthermore, IRE defined as
HYPO% > 5% was an independent marker of response to
iv iron supplementationfor patients receiving ESA [35].

4. Conclusion

In this study, 6/6 anaemic patients with GCA and PMR
exhibited IRE, defined as a bone marrow smear staining
positive for iron in combination with TSAT < 20%. Lar-
ger studies are needed to determine the prevalence of
IRE in GCA and PMR, but in view of the positive
erythropoietic effects of ESA plus iron treatment or iron
treatment alone in cardiology, haematology/oncology
and nephrology settings, it would be interesting to evalu-
ate the impact of ESA and/or iron treatment of anaemic
GCA and PMR patients. Especially interesting is the
finding that all patients in the present study exhibited
IRE, as published trials in the haematology/oncology
setting indicate that anaemic IRE patients respond fa-
vourably to ESA treatment supplemented with iv iron.
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