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Abstract
Selenium is a trace element and an essential
part of the enzyme glutathione peroxidase,
which protects celis from oxidative damage.
Selenium has been shown to have antiproliferative, anti-inflammatory, antiviral, and
immune altering effects. Serum selenium concentrations in 101 patients with seropositive
rheumatoid arthritis were found to be significandy lower than those in 29 normal, healthy
controls (mean (SD) 148 (42) v 160 (25) 1g/l)
and also lower than those in eight patients
with fibrositis (148 (42) v 166 (25) Ag/l). It is
speculated that serum selenium concentrations may modulate the effect of viral or other
infections in subjects with the appropriate
genetic background and in this way enhance
the development or progression of rheumatoid arthritis.

out evidence of rheumatic disease). Additionally,
as another control population serum samples
from 19 patients with pancreatic carcinoma
were collected. This control group was included
because many previous reports have described
low selenium concentrations in such a group.
Table 1 presents the results.
METHODS

Serum samples from patients seen in the rheumatological clinic at the University of Nebraska
Medical Center and affiliated clinics were collected and a questionnaire about the patient's
diagnosis, treatment, and relevant laboratory
tests was completed by the participating doctors.
Patients with rheumatoid arthritis fulfilled at
least four of the new American College of
Rheumatology criteria'8 for the diagnosis of
rheumatoid arthritis. The activity of rheumatoid disease was scored on a scale from zero to
Selenium is a trace element and an essential four for patients followed up at the University
The biological importance of of Nebraska Medical Center (0=no activity,
nutrient.
selenium is incompletely understood, but it is l=trace, 2=mild, 3=moderate, and 4=severe
activity). Data on the activity of disease were
an essential part of the enzyme glutathione
peroxidase,4 which protects cells from oxidative available for 29 patients with seropositive
damage. Additionally, a large number of studies rheumatoid arthritis (table 2). All patients with
have now shown an inverse relation between a disease activity score of 2 or greater were
considered to have active disease.
serum selenium concentrations and the inciSerum samples were frozen at -34°C until
dence of cancer.' Furthermore, selenium has
been shown to have antiproliferative,912 anti- used. Selenium concentrations were determined
inflammatory,'3 antiviral,'4 " and immune by neutron activation analysis.'9 Briefly, all
serum samples were lyophilised and placed in
altering effects.
The pathogenesis of rheumatoid arthritis is clear polystyrene sample tubes with polyethylene
not completely understood but, clearly, syno- caps. Samples were then irradiated for 20
vial proliferation and inflammation play a seconds in the Omaha Veterans Administration
central part in disease expression. Therefore Medical Center TRIGA nuclear reactor by
the antiproliferative, anti-inflammatory, and means of a pneumatic transfer tube. All irradiimmune modulating effects of selenium are of ated samples were allowed to decay for 20
interest. A number of studies have shown that seconds and then counted for a live time of 20
University of Nebraska serum selenium concentrations are lower in seconds in a closed end coaxial well GE detector.
Medical Center, Omaha, patients with rheumatoid arthritis than in Results were reported as micrograms of selenium
Nebraska, USA
controls.'6 17 These studies were reported from per litre of serum.
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PATIENTS

ever.

STATISTICS

Statistical analyses were made with Scheffe's
method of multiple comparisons for the seven
groups shown in table 1 and for the three groups
in table 2.

Patients and methods
Serum samples were collected from 101 patients
with seropositive rheumatoid arthritis, 21
patients with seronegative rheumatoid arthritis,
49 patients with osteoarthritis, 20 patients with
systemic lupus erythematosus, eight with fibrositis, and 29 controls (healthy volunteers with-

Results

Strikingly low serum selenium concentrations
were found in patients with pancreatic carcinoma
(table 1), which were significantly lower than
concentrations found in all other groups (p<001
in all cases). As previously reported by others,
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Table I Serum selenium concentrations (pgll)
Number of

Mean age

Selenium
mean (SD)
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selenium concentrations between patients with
rheumatoid arthritis and osteoarthritis and
patients
controls did not seem to be due to non-steroidal
(vears)
anti-inflammatory drug treatment as use of
Controls
29
160 (25)
38 9
Seropositive rheumatoid arthritis
101
55 5
148 (42)
these drugs was similar in all three groups. Our
Seronegative rheumatoid arthritis
21
49-9
151 (27)
findings
are in agreement with most other
49
62-3
143 (23)
Osteoarthritis
Systemic lupus erythematosus
20
36-8
156 (34)
studies previously published.'6 17 Some, howFibrositis
8
54-4
166 (25)
ever, have reported normal serum selenium
111 (38)
Pancreatic carcinoma
19
65-0
concentrations in patients with rheumatoid
arthritis not receiving steroids,20 and others
Table 2 Selenium concentrations in seropositive rheumatoid have reported normal glutathione peroxidase
arthritis (Isgll)
activity (which usually correlates well with
serum selenium concentrations) in the serum of
Number
Selenium p Value
of
mean
(95% confidence
patients with rheumatoid arthritis.2' Our study
patients
(SD)
intervals for
differs from previous studies in that we condifferences)
sidered larger numbers of patients and included
Active
13
129 (33) <0 07 (-31-0 to 7-0)
controls
with and without rheumatic disease.
Quiescent
16
141 (25)
Duration (years)
Additionally,
our patients came from an area of
1>I
20
1438 (4234) NS (-17-5 to 23 5) relatively high selenium intake and those
Prednisone (mg)
previously reported were from areas of low
26
selenium intake. We found a negative correNone
148 (35) NS (-15-8 to 11-8)
lation between selenium concentrations and
activity of disease in rheumatoid patients, as has
we also found lower serum selenium concentrabeen previously reported by others.'7 Disease
tions in patients with seropositive rheumatoid duration has previously been reported to have a
arthritis than in healthy controls without negative correlation with selenium concentrarheumatic disease (p=0Q05). This difference tions,'7 but we found no effect of disease
remained significant when a smaller group of duration. Additionally, we found no effect of
subjects matched for age without rheumatic steroid treatment on selenium concentrations,
disease were used as controls (data not shown, possibly because our patients were receiving low
p<005) and, furthermore, serum selenium doses (5-10 mg of prednisone a day) compared
concentrations did not change with age in our with those previously reported (20-40 mg/day)20
control group. Additional control groups in- to decrease selenium concentrations.
cluded patients with osteoarthritis, fibrositis,
Although the weight of evidence suggests that
seronegative rheumatoid arthritis, and patients a relative selenium deficiency is seen in patients
with systemic lupus erythematosus. Although with rheumatoid arthritis, it is unclear whether
serum selenium concentrations in patients with
this deficiency has a role in the pathogenesis of
seropositive rheumatoid arthritis were lower rheumatoid arthritis or whether it is merely a
than those in fibrositic patients, those with consequence of the disease or its treatment.
seronegative rheumatoid arthritis, and patients Several factors argue against a role for selenium
with systemic lupus erythematosus (table 1), in the pathogenesis of rheumatoid arthritis-for
these differences approached significance for example, the prevalence of rheumatoid arthritis
the fibrositic patients only (p<008). Inter- is similar in areas of high or low selenium
estingly, serum selenium concentrations in intake22 24 and patients with rheumatoid
patients with osteoarthritis were even lower arthritis fail to respond to selenium supplethan those in patients with seropositive rheuma- mentation in controlled studies.25 26 Additiontoid arthritis and significantly lower than those ally, if selenium deficiency is important in the
in fibrositic patients (p<005) and controls pathogenesis of rheumatoid arthritis it is difficult to explain the low concentrations of selenium
(p<004).
Table 2 shows the relation between serum in patients with osteoarthritis reported here
selenium concentrations and activity of disease, unless selenium deficiency is a risk factor for
disease duration, and the use of steroid treat- joint damage in general. Despite these facts the
ment in patients with seropositive rheumatoid possibility of a role for selenium deficiency in
arthritis. Selenium concentrations were lower in the pathogenesis of rheumatoid arthritis remains
patients with active disease than in those with intriguing in light of the number of diverse
quiescent disease. This difference approached, effects of selenium-namely, its anticancer,
but did not reach, significance at the p<0 05 antiproliferative, anti-inflammatory, antiviral,
level. In our study serum selenium concentra- and immunomodulatory properties.
tions were not affected by disease duration nor
Experimental modification of dietary selenium
intake has been shown to alter disease expresby prednisone treatment.
sion in models of autoimmune and inflamDiscussion
matory arthritis. We have shown the profound
In this study we confirmed that serum selenium antiproliferative effects of selenium on lymphoconcentrations in patients with seropositive cytes in vitro,9 1O and others have shown in vivo
rheumatoid arthritis are lower than in controls antiproliferative effects of selenium as well."
without rheumatic disease and patients with We have also reported the protective effects of
fibrositis. This difference was still present when selenium supplementation on NZB/NZW
a smaller group of controls matched for age was
female mice.26 The survival of these mice, who
compared with patients with rheumatoid normally die at 9 months from an immune
arthritis. Furthermore, this difference in serum complex glomerulonephritis, is significantly

Subjects
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myopathy.S
Many different infectious agents have been
suspected to assist the development of rheumatoid arthritis. The specific pathogenesis of
rheumatoid arthritis is almost certainly multifactorial and may well include altered immune
mechanisms, genetically determined disease
susceptibility, and common environmental
exposures. It is intriguing to speculate that
selenium concentrations might modulate the
effects of viral or other types of infections in
subjects with the appropriate genetic background. Thus selenium deficiency might
enhance the development or progression of
rheumatoid arthritis.
Previous studies of selenium supplementation
in rheumatoid arthritis have not shown a
beneficial effect, but selenium treatment was
given to patients with well established rheumatoid arthritis and for quite short periods of time
(six months or less). A well controlled, randomised study of long term selenium supplementation given early in the course of seropositive rheumatoid arthritis might help to
answer some of the questions raised.
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improved by selenium supplementation, but the
production of autoantibodies by these mice does
not seem to be affected. Additionally, it has
been shown that adjuvant arthritis is enhanced
by selenium deficiency in rats.27 Furthermore,
Kashin-Beck syndrome (big joint disease),
which is characterised by inflammation, swelling, and degenerative changes of joints, is
endemic in certain selenium deficient areas of
China and may be prevented by selenium
supplementation.28
A large number of retrospective studies and
several prospective studies7 8 have shown a
negative correlation between serum selenium
concentrations and the incidence of cancer.
This apparent anticancer effect of selenium has
also been shown in a large number of animal
studies.5 6 29-31 The mechanism by which
selenium exerts this anticancer effect is not
completely clear, but selenium supplementation
of mice or rats has been shown to boost natural
killer cell activity significantly,9 and we have
shown that selenium supplementation of mice
augments specific antitumour responses in vivo
(Petrie H T, Klassen L W, Klassen P S, Kay
H D, unpublished data).
Antiviral effects of selenium have also been
postulated. In vivo animal studies have shown
improved antiviral responses in animals supplemented with selenium,'5 and direct viral
reproduction has been shown to be inhibited by
selenium supplementation in mice.'4 Furthermore, Keshan disease, a cardiomyopathy that is
endemic to selenium deficient areas of China, is
almost completely prevented by selenium
supplementation.3233 The pathogenesis of
Keshan disease is not completely understood,
but it seems that both a coxsackie-like viral
infection and selenium deficiency may be
required for the development of this cardio-

