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SUMMARY Ineffective erythropoiesis was assessed in a series of 32 patients with rheumatoid
arthritis by means of a new in-vitro method which measures the release of haem from a labelled
cohort of erythroblasts in culture. Haem release was significantly increased in patients with the
anaemia of chronic disorders but was normal in those who were not anaemic or who had an

iron-deficiency anaemia. In 2 patients with anaemia of chronic disorders haem release returned to
normal after successful antirheumatic therapy. The increased ineffective erythropoiesis in patients
with rheumatoid arthritis and anaemia of chronic disorders appeared to be unrelated to functional
iron deficiency and was not attributable to a serum factor.

A moderate anaemia is common in patients with
rheumatoid arthritis, and a number of factors are
known to be involved in its production.' One of the
most important components is abnormal storage of
iron by the reticuloendothelial system with a failure
of release of iron to developing erythroblasts.''
Insufficient erythropoietin production4 and a small
reduction in mean cell life6 are additional factors
which may contribute to the anaemia. Ineffective
erythropoiesis in the anaemia of rheumatoid arthritis
was first described by Samson et al.,7 who found a
marked increase in a patient with active rheumatoid
arthritis using an in-vivo method based on early label-
led bilirubin production; this returned to normal
levels after the patient had been successfully treated
with gold and was no longer anaemic.8 This work was
criticised on methodological grounds by Cavill and
Ricketts,' who had found no increase in ineffective
erythropoiesis in 4 patients with rheumatoid arthritis
using a computer-assisted ferrokinetic method.
Subsequently Dinant and de Maat,6 also using the
ferrokinetic method, reported increased ineffective
erythropoiesis in 6 of 14 patients with the anaemia of
rheumatoid arthritis, the mean level being 33% com-
pared with a mean normal level of 21 %. They noted
the similarity of their results in these patients with
rheumatoid arthritis to those obtained by Ricketts et
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al."0 in a group of iron-deficient patients and sug-
gested that reduced availability of iron might be the
cause of the increased ineffective erythropoiesis in
the anaemia of rheumatoid arthritis.
The present work was undertaken in order to study

a larger group of patients with rheumatoid arthritis
by a new simple in-vitro method of assessing ineffec-
tive erythropoiesis, including wherever possible
repeat studies after successful antirheumatic therapy.
In addition we wished to determine whether there
was any relation between ineffective erythropoiesis
and clinical or laboratory indices of disease activity,
and to compare the results with those in patients with
iron-deficiency anaemia and with anaemia due to
other chronic disorders.

Materials and methods

PATIENTS
Patients gave informed consent to participation in
this study, which had been approved by the Hospital
Ethical Committee.
We report the results of studies in 32 patients with

rheumatoid arthritis, none of whom had abnormal
hepatic or renal function or any other systemic dis-
order known to cause anaemia. There were 23
females and 9 males of average age 57-8 years (range
18-73). All had either classical or definite disease
according to the revised criteria of the American
Rheumatism Association." We had previously
studied 12 patients with rheumatoid arthritis and the
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anaemia of chronic disorders, two being studied on 2
separate occasions. As the incubation times in these
preliminary studies were 72 hours we have not
included data on these patients, but the results were
all comparable to those with 96-hour incubations
reported below.
The spectrum of disease activity ranged from

active arthritis, anaemia, and systemic upset to less
active joint disease without other system involve-
ment. All patients were taking some form of non-

steroidal anti-inflammatory agent; levels of additional
drug treatment were appropriate to disease activity,
although no patient was taking cytotoxic drugs. At
the time of bone marrow aspiration, a single
observer (R.W.) assessed the patient's disease activ-
ity. This involved noting any features of systemic
disease such as severe weight loss, palpable lym-
phadenopathy or splenomegaly, subcutaneous
nodule formation, or vasculitis. Also noted were the
duration of early morning stiffness, the grip strength,
and an articular index based on that of Ritchie et al.12
Laboratory tests included a full blood count, erythro-
cyte sedimentation rate (ESR), serum proteins, and

iron and iron binding capacity. Ferritin levels
(Ramco kit method) were measured in 13 patients
and C-reactive protein levels were measured in 14
patients. Radiological evidence of erosive joint dis-
ease was sought. On the basis of routine laboratory
data the patients were subsequently divided into 3
groups (see 'Results' section below). Clinical and
laboratory data in the 3 groups are shown in Tables 1
and 2. Three patients were studied on two separate
occasions (see Table 3). Two patients (cases 1 and 2)
were studied when anaemic and again after their
anaemia had improved following successful anti-
rheumatic therapy, and the third (case 3) was studied
initially when only mildly anaemic (Hb 11 -2 g/dl) and
later when his general condition had deteriorated and
his haemoglobin had fallen to 7 9 g/dl.
Ten patients with the anaemia of chronic disorders

associated with diseases other than rheumatoid arth-
ritis were studied. They included 2 patients with giant
cell arteritis, 3 patients with chronic renal failure and
one patient with each of the following: car-

cinomatosis, osteomyelitis, infected varicose ulcers,
polymyalgia rheumatica, and primary amyloidosis.

Table 1 Patients with rheumatoid arthritis: clinical features

Group 1: Group 2: Group 3:
anaemia of nonanaemic iron-deficiency
chronic disorders anaemia
n=22* n=9t n=4

Early morning stiffness (h) 1-7±1-0 0-9± 1-3 1-0±1-7
Grip strength (mmHg) 101±33 122±61 100±29
Articular index 13-8±8-6 9-2± 7-5 9-2± 9-6
Disease duration (yr) 4-6±7-1 4-It3-2 9-6±9-0
Extra articular disease (other than anaemia) 17 4 1
Joint erosions on x-ray 15 7 3
Treatment with gold 3 2 0

D-penicillamine 2 0 0
Prednisone 5 1 1

Including one patient studied on 2 occasions.
tlncluding data relating to a subsequent study of 2 patients previously included in group 1.

Table 2 Patients with rheumatoid arthritis: laboratory features. All data are mean 1 SD

Group I Group 2 Group 3
anaemia of nonanaemic iron deficiency
chronic disorders anaemia
n=22* n=9t n=4

Haemoglobin level (g/dl) 9-2±1-7 12-3±1-2 8-8±1-7
MCV (fl) 78±5 84±4 70±5
PlateletcountxI0'/l 465±129 307±55 385±191
Erythrocyte sedimentation rate (mm in 1 h) 97±38 47±22 52+27
C-reactive protein level (mg/100 ml) 6-3t5 (n=7) 0-7+0-2 (n=5) 2t0-5 (n=2)
Serum ferritin levels (mg/I) 42-9t32 (n=6) 27-1+t22-7 (n=5) 5-8 (n=2)
Serum iron (Mmol/l) 4-5+2-4 10±6-6 3-5t 1-9
Serum iron binding capacity (jAmol/l) 51-6±9-1 57-1+11-4 74-2±5-2
Serum albumen (g/l) 36-6±4-5 42-0±4-2 37-2±4-0
Serum globulin (g1l) 37-5±11-5 30-6±5-6 30-2±4-9
Positive rheumatoid factor 13 3 3
Positive antinuclear factor 4 0 2

*Including one patient studied on 2 occasions.
tlncluding data relating to a subsequent study of 2 patients previously included in group 1.
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Table 3 Clinical and laboratory data and 5"Fe haem release in patients studied on 2 occasions
Patient study Case I Case 2 Case 3

a b a b a b

Hb (g/dl) 7-9 11-4 7-7 12-6 11-2 7 9
MCV (fl) 78 82 79 80 87 85
ESR(mm in 1 h) 132 71 125 30 127 128
Serum Fe/TIBC (jumol/1) 3/36 4/54 3/54 8/66 2/51 3/51
Morning stiffness (h) 3 3 1 0 3 1-5
Grip strength (mmHg) 55 60 80 150 80 150
Articular index 19 8 16 7 14 11
Drugs Prednisone Aspirin NSAID NSAID NSAID NSAID

"Fe haem release (%) 26-8 14-8 54-3 14-9 12-4 23-2

NSAID=nonsteroidal anti-inflammatory drugs.

Eight patients with iron deficiency anaemia of vary-
ing aetiology were studied in addition to the 4 who
also had rheumatoid arthritis. Haematological data
in these patients and in 12 normal controls are shown
in Table 4.

In this study haemoglobin levels of 13 g/dl in males
and 11 g/dl in females were taken as the lower limit of
normal.

METHODS
Full details of the method have been published else-
where.t3 Approximately 1 ml of bone marrow is
obtained by aspiration, and after washing the cells are
incubated in 50% incubation medium (folate- and
iron-free) and 50 % autologous serum in the presence
of transferrin-bound 59Fe so that haem synthesised by
erythroblasts is labelled. After 24 hours the cells are
washed to remove free 59Fe and reincubated for a
further 72 hours, giving a total incubation time of 96
hours. During this time the death of cells results in the
release of haem into the supernatant, and this is
measured by extracting and counting the haem from
the cells and from the supernatant (Fig. 1). The per-
centage of total labelled haem counts appearing in
the supernatant is termed the percentage haem

Table 4 Haematological data in control subjects and
patients without rheumatoid arthritis

Control Anaemia of Iron-
subjects chronic deficiency

disorders anaemia
other than
RA

n=12 n=10 n=8

Haemoglobin level
(g/dl) 13-7±1-7 9-3±2-1 6-6±1-2

MCV (fl) 87±5 85±9 70±7
Erythrocyte sedimenta-

tion rate (mm in 1 h) - 66±41 27±20
Serum iron (jimol/t) - 7-0±3-8 4-3±2.5
Serum iron binding capacity
(SmoVl) - 50 6±8-0 83-4±15-6

*Data from Samson et al. 13

release and is an index of ineffective erythropoiesis.
Although haem release cannot be directly equated
with ineffective erythropoiesis, comparison with the
results obtained in normal controls and patients with
diseases such as megaloblastic anaemia"3 enables
some degree of quantitative assessment to be made.

In an experiment to determine the effect of serum
from patients with the anaemia of rheumatoid arth-
ritis on normal marrow, material from a normal vol-
unteer was set up by using 6 different sera: autolog-
ous serum, sera from 3 patients with anaemia of

1. Sternal aspiration of r

Suspend in medium cl
2. serum and incubate

for 24 hours at 370 C.

3. Wash

4. ffi Re-incubate for a fu
----=- (total 9 hours)

5. Centrifuge

L' Extract 59Fe haem fron
6. 4 -a. Supernatant

14 b. Cell fraction

7. Count radioactivity of fractions

marrow cells

:ontaining autologous
with 59Fe transferrin

rther 72 hours

Mn:

Counts in supernatant x 100

cell fraction
Fig. 1 Measurement of "9Fe haem release.

copyright.
 on M

ay 16, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.41.5.502 on 1 O

ctober 1982. D
ow

nloaded from
 

http://ard.bmj.com/


In-vitro studies of ineffective erythropoiesis in rheumatoid arthritis 505

rheumatoid arthritis who had shown increased haem
release in culture of their own marrow, and sera from
2 nonanaemic patients with rheumatoid arthritis who
had not shown increased haem release. The test sera
had been stored at -20°C for up to 6 months.

Results

On the basis of routine laboratory data (Table 2) the
patients with rheumatoid arthritis could be divided
into 3 groups. The first group of 21 patients had the
classical anaemia of chronic disorders, with normo-
chromic normocytic or microcytic anaemia associated
with a low serum iron and normal or low iron binding
capacity. Marrow iron stores were present in all
cases; minor dyserythropoietic features were fre-
quently observed, but no sideroblastic changes were
seen. Active joint disease was more evident in these
patients in terms of symptoms, signs, and laboratory
indicators, and other system involvement was more
common. C-reactive protein (CRP) and ferritin
levels were generally higher in this group. The second
group was of 9 patients who were not anaemic and
whose arthritis was less severe or in at least partial
remission. Lastly, 4 patients were iron-deficient with
hypochromic microcytic anaemia, very low serum
iron, high serum iron binding capacity, and absent
marrow iron stores. While the haemoglobin levels of
these patients were comparable to those with the
classical anaemia of chronic disorders, in other
respects they resembled the nonanaemic group.

HAEM RELEASE
Increased haem release (Table 5) was found only in
group 1 patients (those with the anaemia of chronic
disorders), and was present in 11 of 22 patient studies
(Fig. 2). The mean haem release in these 22 patients
was 24-1 %, almost twice the mean haem release

Table 5 59Fe haem release after 96 hours' incubation

n "Fe haem t value; p value*
release ( %)
mean±t1 SD

Controlt 12 13-7±4-1
Rheumatoid arthritis
Group 1:
anaemia of
chronic disorders 22 24-1±12-5 2-78 <0005

Group 2:
nonanaemic 9 12-4±1-7 0-89 NS

Group 3:
iron-deficiency
anaemia 4 12-0±3-8 0-73 NS

Anaemia of chronic
disorders other
than RA 10 10-8±3-5 1-76 NS

Iron-deficiency
anaemia 8 12-7±4-7 0 50 NS

*(n,+n,) DF. NS=not significant at p=0-01 level.
tSamson et al.
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Fig. 2 59Fe haem release at 96 hours in RA group 1
(anaemia ofchronic disorders) compared with control
subjects and patients with severe megaloblastic anaemia
(MA) (Samson et al. 53). The shaded area is the observed
normal range.

found in the control subjects, and the difference
reached statistical significance (p<0005). The mean
levels of haem release in the other groups of patients
with RA (nonanaemic and iron-deficient) were simi-
lar to that found in control subjects (Table 5) and in
no individual was an increased level of haem release
found (Fig. 3). Similarly haem release was normal in
patients with anaemia of chronic disorders due to
other causes and in those with simple iron deficiency.

In 2 patients (cases 1 and 2) with initially high
levels of haem release, a subsequent investigation 6
months later after relative response to nonsteroidal
anti-inflammatory drugs showed that haem release
had returned to normal levels (Fig. 3). One patient
(case 3), who had marked systemic features such as
weight loss present at both investigations, produced
an elevated level ofhaem release some months after a
normal level, and had deteriorated markedly in some
but not all indices of disease activity in the interim.
Details of laboratory indices for these 3 patients are
shown in Table 3.

In terms of specific features of active disease, we
could find no statistical correlations between dura-
tion of morning stiffness, articular index, or ESR
levels and haem release. However, when the results
for group 1 (RA with anaemia of chronic disorders)
and group 2 (nonanaemic RA) were combined
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Fig. 3 59Fe haem release at 96
hours in the different patient
groups. The patients with
rheumatoid arthritis studied on
2 occasions are indicated by
their case numbers. The shaded
area is the observed normal
range. RA =rheumatoid
arthritis, ACD=anaemia of
chronic disorders.
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Fig. 4 Correlation of 59Fe haem release with haemoglobin
level in patients with rheumatoid arthritis excluding those
with iron-deficiency anaemia.

(Fig. 4), we found a statistically significant inverse
correlation between haem release and haemoglobin
levels (p<0 02).

SERUM EXPERIMENTS

As shown in Table 6, serum from patients with or

without ineffective erythropoiesis did not appear to
have any effect on a normal bone marrow.

Discussion

Using an easily repeatable in-vitro method we have
confirmed that increased ineffective erythropoiesis is
a common factor in the anaemia of rheumatoid arth-
ritis. In our patients with this type of anaemia, who
typically had active joint symptoms and signs and
abnormal laboratory findings, the mean value for
haem release was approximately twice the mean
normal value, and half the patients had values outside
the normal range; some had values in the range seen
in severe megaloblastic anaemia (Fig. 2). These
results are similar to those of Dinant and de Maat,6
though the difference from normal is greater. We also
confirmed our earlier observation8 that ineffective
erythropoiesis returns to normal levels when the
anaemia improves with successful antirheumatic
therapy. The previously reported patient had been
treated with gold, but this was not a specific effect of
disease-modifying drugs, as it was also seen in the
present 2 patients treated with nonsteroidal anti-
inflammatory drugs. In contrast to Dinant and de
Maat,6 we observed a significant correlation between

Table 6 Effect ofserum from patients with rheumatoid
arthritis on normal marrow

"Fe haem release at 96 hours (%)

Autologous Normal
marrow marrow

Normal (13.5) 13*5
RA anaemic (a) 30-0 12-2 )

(b) 26-8 11-1 mean 13-4
(c) 54 3 16-8

RA nonanaemic (a) 11-2 1487 ) mean 13-3
(b) 10-6 11-8
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ineffective erythropoiesis and haemoglobin. How-
ever, a number of patients showed normal levels of
haem release despite having anaemia and active joint
disease, consistent with the multifactorial nature of
the anaemia.
The relationship of haem release to other indi-

cators of joint disease activity also seems complicated
in that we found no correlation with individual indi-
ces in spite of definite changes with overall clinical
condition. At one stage in the study it appeared that
there were significant correlations between haem
release and ESR, globulin levels, and platelet counts,
but these were lost as the groups became larger.
Other factors such as the duration of disease or the
type of drug treatment played no obvious part in
increasing haem release in our patients.
The cause of the increased ineffective ery-

thropoiesis in the anaemia of rheumatoid arthritis
remains unclear. Dinant and de Maat6 suggested that
it might be related to functional iron deficiency. Pre-
vious work7 14 has shown that ineffective erythro-
poiesis is moderately increased in some cases of
iron-deficiency anaemia, although this is a minor fac-
tor in the production of the anaemia.7 In the patients
with iron deficiency studied by Cavill et al.14
approximately half had elevated values for ineffec-
tive erythropoiesis, but in the present group of
patients none had increased levels of haem release.
This may reflect a difference in the severity of the
iron deficiency between the 2 series or may be due to
methodological factors. Nevertheless, the present
method shows there is a clear difference between the
iron-deficient patients and those with the anaemia of
rheumatoid arthritis, suggesting that functional
iron-deficiency is unlikely to contribute significantly
to the increased ineffective erythropoiesis in the
anaemia of rheumatoid arthritis.

If functional iron deficiency were a major com-

ponent in causing increasing ineffective ery-
thropoiesis, equal increases would be expected in

patients with anaemia associated with other chronic
disorders in which there is also inadequate iron sup-
ply. Although relatively few patients in this group
were studied and their diseases were heterogeneous,
the normal values for haem release support the view
that the increased erythropoiesis in rheumatoid arth-
ritis is unrelated to altered iron metabolism. Thus

there appears to be a particular factor in active
rheumatoid arthritis which causes increased ineffec-
tive erythropoiesis and which responds to an
improvement in the arthritis with antirheumatic
therapy. There may be an immune-mediated
mechanism for the increased cell death, and,
although we were unable to demonstrate a cytotoxic
effect of rheumatoid serum, cell-mediated cytotoxic-
ity remains a possibility.

We thank our colleagues for allowing us to study patients under their
care. D.S. and J.M.G. thank the Arthritis and Rheumatism Council
for providing financial support for technical assistance.
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