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Decreased iron absorption in patients with active
rheumatoid arthritis, with and without iron deficiency
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SUMMARY Mucosal uptake, mucosal transfer, and retention of a physiological dose of ferrous
iron were studied in women with active rheumatoid arthritis (RA): 19 with normal and 17 with
depleted bone marrow iron stores. Control subjects were 26 normal women and 20 women with
uncomplicated iron deficiency. Iron absorption was measured with 59Fe as a tracer and by whole
body counting. Compared with controls, final iron retention was considerably decreased in both
groups of patients with RA. Analysis of the two sequential steps of iron absorption showed that
mucosal uptake was normal in iron replete patients with RA but was significantly lower in
patients with RA with depleted iron stores compared with iron deficient controls. Mucosal
transfer of iron was considerably decreased in patients with RA with normal iron stores. The
impaired absorption of iron in patients with active RA may delay the correction of the
haemoglobin concentration when anaemia of chronic disease is complicated by iron deficiency.
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Active rheumatoid arthritis (RA) may be associated
with 'anaemia of chronic disorders'. This anaemia is
characterised by hypoferraemia, a decreased total
iron binding capacity, a reduced transferrin satura-
tion, a decreased amount of bone marrow sidero-
blasts, and normal or increased iron stores in the
mononuclear phagocytes of the reticuloendothelial
system of the bone marrow. ' The degree of anaemia
corresponds with the RA activity.2 This anaemia
may respond to anti-inflammatory and disease
modifying therapy. In many cases iron deficiency
coexists with anaemia of chronic disorders. This may
result in diagnostic difficulties.3 In these cases iron
treatment may raise the haemoglobin concentration
only so far as iron deficiency contributes to its
deficit. In that situation anaemia of chronic dis-
orders alone can be held responsible for the
remaining part of the anaemia.

In subjects without inflammation an iron absorp-
tion test may be useful to demonstrate iron
deficiency.4 Absorption of a physiological amount
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of radioiron has only been studied in small heter-
ogeneous groups of patients with RA.7 In these
studies a diminished absorption of iron was reported.

In the present study we investigated the absorp-
tion of iron in groups of women with and without
RA and with normal and depleted reticuloendothe-
lial iron stores. The method used distinguishes
between two steps of iron absorption: 'mucosal
uptake' (the amount of iron taken up by the mucosal
cells from the lumen of the gut) and 'mucosal
transfer' (the fraction of iron taken up by the
mucosal cells, which is transported to the blood).8
These steps result in 'iron retention' (the amount of
iron still present in the body 14 days after ingestion).9

Subjects and methods

TEST SUBJECTS
Informed consent was obtained from all patients and
normal subjects. All subjects were entered into the
study after a medical history, a physical examination,
routine haematological tests, determination of serum
iron and iron binding capacity, and sternal bone
marrow aspiration. The last was not performed,
however, in young normal women without clinical
signs of iron deficiency. Serum ferritin was not used
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for estimation of iron deficiency in patients with RA
because subjects with serious iron deficiency anaemia
often have normal serum ferritin concentrations,
though values below 60 Ftg/l usually indicate iron
deficiency.10 Normal controls were included only if
there was no indication of pathological blood loss,
disease or previous surgery on the digestive tract,
diarrhoea, chronic disease (e.g., RA, infection,
malignancy), abnormal values of serum iron and iron
binding capacity, or anaemia. Iron deficient controls
had no chronic disease; they had no visible blood loss
during the study. The criterion for iron deficiency was
lack of stainable iron in the bone marrow reticulo-
endothelial cells.

Classical or definite RA was diagnosed according
to the criteria of the American Rheumatism
Association.11 RA lesions ranged from stage I to III,
according to criteria adopted by the New York
Rheumatism Association and the American Rheu-
matism Association. 12

All patients with RA were treated in hospital for
persisting RA activity. Patients using oral cortico-
steroids or corticotrophin were not admitted to the
study. Nearly all patients were treated with aurothio-
glucose. Anti-inflammatory and other medication
was stopped 24 hours before the iron absorption test
and was continued 24 hours after ingestion of the iron
test dose. All subjects fasted from eight hours before
until two hours after intake of the test dose. RA
activity was assessed according to the limited
Lansbury index13 less than four days before the iron
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absorption study. The parameters used in this
activity index are duration of morning stiffness, grip
strength, Lansbury articular index, erythrocyte
sedimentation rate. The scale runs from 0 to 161
units. Low grip strength can also be a result of
earlier joint destruction, which means that this
parameter may be overestimated in patients with
longstanding disease. The patients with RA were
divided into two groups: those with stainable iron in
the bone marrow reticuloendothelial cells, classified
as grade 1 to 3 (on a scale of 0 to 4 according to
reference 14), and those with negative iron staining
(grade 0); the last group was considered to be iron
deficient. Table 1 summarises some haematological
and activity parameters.

DETERMINATION OF IRON ABSORPTION
Mucosal uptake, mucosal transfer, and retention of
iron were measured using the whole body counters
of the National Institute of Public Health and
Environmental Hygiene RIVM (Bilthoven) and the
Radiological Service UnitTNO (Arnhem), according
to methods described earlier.'-'7 The oral test dose
contained 1 mg Fe", given as ferrous ammonium
sulphate, labelled-at the RIVM or TNO respect-
ively-with 185 or 370 kBq 59Fe; 1-48 or 0-74 MBq
51Cr was added as a non-absorbable indicator of
gastrointestinal passage, and 10 mg ascorbic acid as
an antioxidant. The results of the two whole body
counts were compared and were in agreement with
each other.

Table 1 Haematological values and activity indices in women with active rheumatoid arthritis (RA) and in controls*

Normal Women with Women with Women with
women RA uncomplicated RA and

Fe deficiency Fe deficiency

n 26 19 20 17
Age (years) 53 (23) 59 (18) 42 (19) 54 (19)

(19-77) (20-78) (16-84) (22-85)
Hbt (g/l) 147 (6-0) 111 (11) 116 (26) 109 (8.0)

(132-161) (85-124) (68-148) (90-119)
MCVt (fl) 93 (4) 100 (4) 81 (12) 99 (3)

(84-105) (93-110) (61-101) (95-106)
SIt (JtmoUI) 21(5) 7 (4) 7 (5) 5 (2)

(14-32) (4-16) (1-18) (2-9)
UIBCt (Rmol/1) 40 (9) 38 (10) 66 (16) 55 (10)

(26-56) (21-61) (43-95) (39-79)
TIBCt (jimol/1) 61 (9) 45 (11) 74 (14) 59 (10)

(46-80) (25-70) (54-97) (43-84)
Fe sat.t (fraction) 0-34 (0-08) 0-16 (0-07) 0-11 (0-08) 0-08 (0.03)

(0-22-0-54) (0-08-0.35) (0-01-0.27) (0-04-0-17)
ESRt (mm/lst h) 11 (8) 73 (35) 15 (10) 63 (33)

(2-31) (10-124) (6-47) (15-124)
Activity index ND 63 (9) ND 60 (7)

(units) (32-112) (33-83)

*Values are mean (SD) (range).
tHb=haemoglobin; MCV=mean cell volume; SI=serum iron; UIBC=unbound iron binding capacity; TIBC=total iron binding capacity;
Fe-sat.=iron saturation; ESR=erythrocyte sedimentation rate.
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OTHER METHODS
Erythrocyte sedimentation rate was determined by
the Westergren method. Haemoglobin concentra-
tion and mean cell volume were measured in a
Coulter counter. Serum iron and total iron binding
capacity were determined by the methods of
Ramsay.18 19 Bone marrow iron was stained by the
Prussian blue reagent. Statistical significance of
differences was tested with the non-parametric two
tailed Wilcoxon test for independent samples.
Coefficients of correlation were calculated using the
STATA professional system (Computing Research
Center, Los Angeles, CA).

Results

Figs la, b, and c show the remarkable differences in
iron absorption found between control subjects and
patients with active rheumatoid arthritis. Iron reten-
tion (Fig. la) had decreased in patients with active
RA, both with and without stainable iron in the
bone marrow reticuloendothelial cells, compared
with normal and iron deficient control subjects
respectively (p<0.01). In iron deficient patients with
RA retention of iron was higher than in those with
normal iron stores (p<002). Nine of 17 iron
deficient patients with RA had iron retention values
below the range of subjects with uncomplicated iron
deficiency.

Analysis of the two steps in iron absorption
showed that mucosal uptake of iron in patients with
RA with normal bone marrow iron stores did not
differ significantly from the uptake in controls
(p>010) (Fig. lb). Mucosal uptake was much lower
in iron deficient RA patients than in subjects with
uncomplicated iron deficiency (p<001).
Mucosal transfer of iron (Fig. lc) appeared to be

lower in patients with RA with normal bone marrow
iron stores than in normal controls (p<0-01). In
patients with RA with depleted bone marrow iron
stores mucosal transfer of iron had increased
considerably compared with those with normal iron
stores (p<0-01) to a concentration not significantly

different from that in iron deficient control subjects
(p>O. 10).
We tried to relate the iron absorption values in

the patients with active RA to the degree of disease
activity and to parameters that may be involved in
the regulation of iron absorption (Table 2). This was
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Fig. 1 Iron absorption values measured in women:
normals, patients with active rheumatoid arthritis
and normal iron stores, patients with uncomplicated iron
deficiency, and patients with active rheumatoid
arthritis and depleted bone marrow iron stores.
(a) Iron retention (RT); (b) mucosal iron uptake (MU);
(c) mucosal iron transfer fraction. Iron retention
and mucosal iron uptake are expressed as a percentage
of the initial dose of 59Fe administered. Mucosal iron
transfer was calculated as the ratio of iron
retention and mucosal iron uptake (RTIMU).
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Table 2 Correlation between iron absorption and some indicators of disease activity and of the iron status in patients with
active rheumatoid arthritis and in control subjectst

Fe retention Fe mucosal uptake Fe mucosal transfer

RA and BMt iron grade 1-3
(n= 19)
ESR
Activity index
Hb
SI
UIBC
TIBC
Fe saturation
BM iron

RA and BM iron grade 0
(n= 17)
ESR
Activity index
Hb
SI
UIBC
TIBC
Fe saturation

RA and BM iron grade 0-3
(n=36)
ESR
Activity index
Hb
SI
UIBC
TIBC
Fe saturation
BM iron

Controls with BM iron
grade 0-3 (n=33)
ESR
Hb
SI
UIBC
TIBC
Fe saturation
BM iron

-0-170
-0-155
0-044
0-046
0-589**
0-575*

-0-188
-0-294

-0-103
-0-125
-0-318
-0-199
0-402
0-376

-0-327

-0-159
-0-134
-0-199
-0-251
0-586***
0-551***

-0-422*
-0-466**

0-086
-0-591***
-0-709***
0-667***
0-574***

-0-723***
-0-799***

*O-OS>p>0.Ol; **O.01>p>O.001; ***p<O.00l.
tThe correlation coefficients for n-2 and their significance are indicated.
tBM=bone marrow; for other abbreviations see Table 1.

done separately in patients with RA with and
without positive bone marrow iron stores, because
some parameters can be influenced by both disease
activity and iron deficiency, and in control subjects.
No significant correlation could be detected be-
tween any of the indicators of disease activity and
iron absorption values.

Discussion
Iron metabolism is disturbed in states of inflamma-
tion. Even one single period of fever may produce a

rapid and prolonged decrease of serum iron and an

increase of serum ferritin concentration.2"1 The

hypoferraemia may be seen as an attempt to deprive
a potential pathogen of an essential growth factor.21
Remarkably hypoferraemia exists despite normal or
increased bone marrow iron stores. This may be
explained by sequestration of iron by tissue mac-
rophages during inflammatory states.22 In addition,
the release of iron by macrophages is blocked.23 As
a result the supply of iron for erythropoiesis may be
restricted,24 and bone marrow response to anaemia
may be limited by the availability of iron.25 In
patients with RA the synovial membrane may
sequester large amounts of iron, which may contri-
bute to the development of anaemia.26 It is sug-

0-272
0-253

-0-238
-0-090
0-306
0-259

-0-228
-0-082

-0-190
-0-169
-0-251
-0-122
0-388
0-376

-0-250

-0-040
0-005

-0-231
-0-139
0-363*
0-345*

-0-247
-0-160

0-156
-0-526**
-0-614***
0-611***
0-542**

-0-646***
-0-724***

-0-278
-0-300
0-168
0-011
0-280
0-269

-0-097
-0-129

0-087
-0-001
-0-206
-0-254
0-400
0-365

-0-391

-0-204
-0-212
-0-061
-0-325
0-655***
0-605***

-0-532***
-0-683***

-0-072
-0-514**
-0-740***
0-584***
0-445**

-0-715***
-0-761***
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gested that iron stores in affected joints are re-

sponsible for the relatively high concentration of
serum ferritin in patients with RA, even in subjects
with depleted bone marrow iron stores.27

In this study we found that absorption of iron was
decreased in patients with RA, both with normal
and depleted iron stores. In patients with RA with
normal bone marrow iron stores mucosal uptake of
iron did not differ from that in normal controls.
Those with depleted iron stores, however, were

unable to increase mucosal iron uptake to the same

extent as patients with uncomplicated iron de-
ficiency. As a result the absolute amount of iron
transported by the mucosal cells of iron depleted
patients with RA was much lower than in patients
with uncomplicated iron deficiency, despite lack of
difference in the mucosal transfer fraction.
Our patients with RA represented a wide range of

disease activity. The complete lack of correlation
between the indicators of RA activity and the
absorption of iron, although iron absorption is
significantly decreased in active RA, means that
factors causing the decrease of iron absorption must
be fully operative early during activation of RA. It
was striking that depletion of bone marrow iron
stores, being highly correlated with both mucosal
uptake and mucosal transfer of iron in control
subjects, had no influence on mucosal uptake in
active RA. Further investigation should be directed
to the production of iron carriers in the microvillus
membrane and cytosol of mucosal cells, which
apparently do not react on development of iron
deficiency elsewhere in the body. The transfer of
iron from the mucosal cell to the plasma is cor-

related with the availability of free transferrin iron
binding sites, probably best represented by the
unbound iron binding capacity. The difference in
mucosal transfer between controls and patients with
active RA may be the result of an absolute decrease
of circulating transferrin or of a decreased turnover
of free binding sites. For better assessment of these
factors a combination of iron absorption with
ferrokinetic studies is needed. Also, submucosal
tissue macrophages may act as a trap during passage
of iron to the plasma.

In our two groups of patients with RA, with and
without iron deficiency, the mean haemoglobin
concentrations were virtually identical. We suppose,
however, that the decreased iron retention will, in
the long run, contribute to the development or

persistence of iron deficiency anaemia in patients
with RA. If the same mechanisms operate for
therapeutic iron administration the correction of
iron deficiency in patients with RA by oral iron
treatment may be more difficult and time consuming
than in patients with uncomplicated iron deficiency.

This study was supported by grants from the Organisation for
Applied Scientific Research TNO and the Netherlands Rheuma-
tism Association.
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