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Serum osteocalcin in rheumatoid arthritis and other
inflammatory arthritides: relation between
inflammatory activity and the effect of glucocorticoids
and remission inducing drugs
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SUMMARY Osteocalcin, a vitamin K dependent protein synthesised by osteoblasts, was
measured in serum by radioimmunoassay in patients with rheumatoid arthritis (n=36) and
seronegative spondyloarthropathies (n=23). The serum osteocalcin levels were decreased in both
patient groups compared with the levels measured in age and sex matched healthy controls. We
found no relation between serum osteocalcin and the disease duration or inflammatory activity of
the patients who were without drug treatment at the first examination. After administration of
glucocorticoids (20 mg prednisolone a day) circulating osteocalcin decreased significantly after
one week of treatment. During gradual reduction of the steroid dosage osteocalcin returned to
pretreatment values. Treatment with non-steroidal anti-inflammatory drugs (NSAIDs) did not
influence circulating osteocalcin. During treatment with chloroquine or penicillamine serum
osteocalcin increased significantly, concomitant with a reduction of the acute phase reactants.
Controversy persists about the abnormality of bone turnover in rheumatic diseases, but our data
suggest that the overall bone turnover is decreased in patients with rheumatoid arthritis and other
inflammatory arthritides.
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Previous studies have suggested that patients with
rheumatoid arthritis (RA) may suffer not only from
periarticular but also generalised alteration in bone
metabolism.! 2 The propensity for the development
of osteoporosis in rheumatoid arthritis is still a
poorly understood phenomenon but is probably due
to a number of factors; the inflammatory disease
itself, prolonged immobility, and corticosteroid
treatment can all be expected to favour the develop-
ment of osteopenia. Radiological methods have
generally been employed to determine the degree of
bone loss occurring in RA. Since these methods lack
satisfactory sensitivity there has been a search for
other techniques; whole body retention of *™Tc
diphosphonate® * or ®™Tc pyrophosphate uptake
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over the lumbar spine’ are examples of more
sophisticated methods used during recent years.
In this study we have measured the circulating
levels of osteocalcin in inflammatory rheumatic
diseases in an attempt to elucidate the metabolic
activity of bone in these disorders and the possible
effect of antirheumatic drugs on bone turnover. The
vitamin K dependent protein osteocalcin is the most
abundant non-collagenous protein in bone® 7 and is
probably synthesised only by osteoblasts.® ° The
presence of osteocalcin in the circulation may
therefore provide a specific chemical index of
osteoblastic activity. In fact the level of serum
osteocalcin is increased in disorders characterised by
accelerated bone turnover, such as Paget’s disease
of bone and hyperparathyroidism.'? !! The osteocal-
cin values in our patients with rheumatoid arthritis
and other inflammatory arthritides were compared
with those in controls matched for age and sex,
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factors influencing circulating osteocalcin.'? The
osteocalcin data were correlated with the disease
duration and activity. The acute effects on serum
osteocalcin due to corticosteroid or NSAID treat-
ment were studied. Finally, serum osteocalcin was
measured serially in a number of patients treated
with remission inducing drugs or low dosage of
prednisolone.

Patients and methods

Venous blood was collected into venoject tubes
(Terumo, Tokyo, Japan) from 36 patients with
definite or classical rheumatoid arthritis according
to American Rheumatism Association criteria and
from 23 patients with seronegative spondyloarthro-
pathies (psoriasis arthropathy (n=6), ankylosing
pelvospondylitis (n=7), Reiter’s disease (n=1),
mixed connective tissue disease (n=3), postinfec-
tious arthritis (n=1), and non-classified arthritis
(n=5)). Clinical and laboratory data are presented
in Table 1. At the beginning of the study the patients
were not on drug therapy, but some of them had
received previous treatment with remission inducing
antirheumatic drugs. This therapy had been with-
drawn at least three months before the study
because of lack of response or side effects. Most of
the patients had been on NSAIDs during the last
month which were stopped three to four days before
the first blood sampling. After collection of blood
samples different drug treatments were instituted.
All patients were inpatients both initially and at the
follow up examinations.

Controls were 58 age and sex matched individuals
from the same geographic area participating in a
general health survey. They were all apparently
healthy and none of them was taking any medi-
cations.

All samples were drawn in the morning and in the
fasting state. Sera were separated by centrifugation
40-60 minutes after venepuncture and stored frozen
at —70°C for six months to two years until analysed
on the same occasion. The patient and control
samples had been frozen and thawed three times
before osteocalcin analysis.
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The serum concentrations of osteocalcin were
measured by a radioimmunoassay method (Im-
munonuclear, Stillwater, Minnesota) according to
the manufacturer’s instructions. The intra-assay and
day to day variation of the osteocalcin measure-
ments was <12%, and the minimum detectable
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Fig. 1 Dilution curves from sera of three patients with
rheumatoid arthritis (O——QO) compared with the standard
curve (X——Xx). BIB,=(cpm of standard or sample—cpm
of non-specific binding)/(cpm of standard buffer—cpm of
non-specific binding).

Table 1 Laboratory and clincical data on patients with inflammatory arthritides

Diagnosis Sex  Age* n Osteocalcint  ESRT Haptoglobint  Alkaline
(years) (ug/l) (mm/lIst h) gNh) phosphataset

(ukat/l)
Rheumatoid arthritis Q 51 (20-69) 26 1-7 (0-74-0) 52%27 3-3+1-2 3-0%£1-0
e 50 (25-67) 10 2:7 (1-6-4-4) 43+14 4-4+1-5 3-5+0-6
Seronegative spondyloarthropathies @ 49 (26-67) 11 1-1 (0-4-3-1) 68+28 3-6*1-6 2:7+0-8
d 46 (28-60) 12 22 (1-5-3-4) 56+33 42+1-1 4-1+19

*Means with actual ranges; tmean+SD or SD range.



486 Ekenstam, Ljunghall, Hillgren

amount was 0-3 pg/l. In order to study the possible
interaction of osteocalcin substances in the osteocal-
cin assay serum dilution curves were constructed
and compared with a standard curve. Parallel serum
and standard curves were achieved, indicating an
adequate specificity of the determinations (Fig. 1).
The logarithmic values of serum osteocalcin were
used when comparing groups and for correlative
analyses since highly skewed distributions of
osteocalcin were observed in the patient groups.
Osteocalcin values were distributed normally in the
controls as were log transformed osteocalcin values
in patients and controls.

The serum concentrations (reference ranges in
parentheses) of haptoglobin (0-2-2-0 g/1), creatinine
(64-106 pmol/1), albumin modified calcium (2:0-2-6
mmol/l), and alkaline phosphatase (0-8—4-8 pkat/l)
were measured at the Department of Clinical
Chemistry, University Hospital, Uppsala.

Wilcoxon’s rank sum and signed rank tests were
used for statistical analyses.

Results

Female patients with rheumatoid arthritis or other
inflammatory arthritides had a geometric mean
(SD range) serum osteocalcin value of 1-5 (0-6-4-0)
ug/l, which was a level significantly reduced
(p<0-001) compared with that found in age matched
healthy female controls (mean value (SD range) 3-7
(2:5-5-3) ug/l). Male patients with inflammatory
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arthritides had a mean osteocalcin level of 2-5
(1-5-3-9) ug/l, which was significantly decreased
(p<0-01) compared with that of age matched male
controls with a mean value of 3-5 (2:64-7) ug/l.

Fig. 2 shows the mean osteocalcin levels in male
and female patients subgrouped into rheumatoid
arthritis and seronegative arthropathies. Signifi-
cantly reduced osteocalcin levels were found in
female patients with rheumatoid arthritis (p<0-001)
and other inflammatory arthritides (p<0-01) com-
pared with those in the female controls. Significantly
reduced osteocalcin values were also seen in male
patients with rheumatoid arthritis (p<0-05) and
seronegative arthropathies (p<<0-01) compared with
the values for male controls. Similar (p>0-05)
osteocalcin levels and a similar (p>0-05) degree
of inflammatory activity, defined by serum hapto-
globin and erythrocyte sedimentation rate (ESR),
were noted in the female or male patient subgroups
(Table 1).

No correlations were found between osteocalcin
levels and ESR or serum haptoglobin values. This
was valid when calculations were performed on the
whole patient population or groups of patients
subdivided with respect to diagnosis, sex, and age
(greater or less than 50 years old). This age was used
in data handling since after the menopause hi%her
serum osteocalcin concentrations are reported.’* '
There was a significant correlation between serum
osteocalcin and serum alkaline phosphatase only in
female patients less than 50 years old (n=10,
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Fig. 2 Serum osteocalcin levels in
female and male patients with
rheumatoid arthritis (@) or
seronegative spondyloarthropathies
(O). The shaded areas represent
the 2 SD ranges in age matched
healthy men and women.

Detection limit

034--—-—--—--- 8e®- - —0OO-—- - ——-— —— - —




r=0-62, p<0-05). All the patients and controls had
normal renal function as estimated by serum creati-
nine measurements. Their albumin modified serum
calcium values were within the normal ranges.

The acute effects on serum osteocalcin during
treatment with glucocorticoids are illustrated in
Fig. 3. After one week of daily administration of 20
mg prednisolone the osteocalcin levels (mean (SEM
range)) decreased from 1-6 (1-:3-2-0) to 1-0 (0-8-1-3)
ug/l (p<0-01). A similar decrease was observed in
three patients given ACTH 30 IU/day (Fig. 3). In
contrast, treatment with NSAIDs, indomethacin
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(200 mg/day) or diclofenac (150 mg/day), did not
alter the osteocalcin values; the mean levels were
1-5 pg/l (n=10) before treatment and 1-6 pg/l after
one week on NSAID.

During gradual reduction of the steroid dosage to
5-7-5 mg prednisolone/day the osteocalcin levels
returned to pretreatment levels. The same pattern
was seen irrespective of whether the steroids were
given alone or combined with azathioprine (100
mg/day) or cyclophosphamide (50-100 mg/day)
(Fig. 4). At the start of the study the mean alkaline
phosphatase level in the steroid treated group was

ACTH

Fig. 3 The osteocalcin levels in
patients with rheumatoid arthritis
(n=9) and seronegative
spondyloarthropathies (n=4)
before and after one week of
treatment with prednisolone

20 mg/day (@——@). The effect of
daily injection of
adrenocorticotrophic hormone
(ACTH) (30 1U) for one week is
also illustrated.
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Fig. 4 Serial determinations of
serum osteocalcin (mean*+SEM) in
patients with inflammatory
arthritides after administration of
prednisolone alone (n=4) or

N

combined with azothioprine or
cyclophosphamide (n=7). The .
mean haptoglobin levels and the
average prednisolone dosages are
illustrated.
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2:9+0-3 (SEM) pkat/l and remained at the same
level after three months (2-:8+0-3) and nine months
of treatment (2:9%0-3).

Seven patients were studied serially during chloro-
quine treatment (Fig. 5). Serum osteocalcin (mean
(SEM range)) at the start of the study was 3-1
(2:6-3-7) pg/l and increased significantly (p<<0-01)
after three months on therapy to 4-4 (3-8-5-1) pg/l
and after another six months to 4-8 (4-1-5-6) ug/l
(p<0-01). An increase, which did not reach signifi-
cance (p>0-05), was also observed for alkaline
phosphatase from 3-0+0-3 (SEM) pkat/l to 3-:2+0-3
pkat/l at three months and 3-3+0-4 pkat/l at nine
months. The same pattern was observed in patients
(n=6) treated with penicillamine (Fig. 5), i.e., a
significant increase (p<0-05) of serum osteocalcin
from 1-5 (1-0-2-2) ug/l to 2-2 (1-6-3-1) ug/l at three
months and 2-8 (2-3-3-4) pg/l at nine months after
institution of the drug. At these observation times
the mean alkaline phosphatase level was 2-9+0-4,
3-2+0-5, and 3-4+0-7 pkat/l. This increase was not
significant (p>0-05). The reduction of the acute
phase reaction was apparent and similar in all
treatment groups (Figs 4 and 5). The various drug
regimens did not affect the renal function as judged
by serum creatinine measurements. The individual
increase of osteocalcin did not correlate with the
individual reduction of haptoglobin levels obtained
during treatment with chloroquine or penicillamine.
Patients (n=9) treated with NSAIDs and studied
serially after three and nine months did not change
their osteocalcin values or acute phase reactants
(data not shown).

Discussion

This study shows a significant reduction in circulat-
ing osteocalcin levels in patients with rheumatoid

Penicillamine

Fig. 5 Serial determinations of
serum osteocalcin (mean£SEM) in
patients with rheumatoid arthritis
treated with chloroquine (n=7) or
penicillamine (n=6). The mean
haptoglobin levels and the average
penicillamine dosages are
illustrated. The chloroquine dosage
was 250 mglday during the
observation period.
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arthritis and other inflammatory arthritides who had
not received corticosteroids or remission inducing
drugs.

Experimental and clinical evidence indicates that
osteocalcin is produced by the osteoblasts.®!! The
kidney has a role in the metabolism of this protein.'"
and an increase in circulating osteocalcin is found in
uraemic patients.'® Since our patients and sex and
age matched controls had no signs of abnormal renal
function it is reasonable to attribute the serum
reduction of osteocalcin in rheumatoid arthritis to
decreased osteoblast activity. Reduced synthesis of
osteocalcin does not seem to be a specific effect of
any chronic illness on bone formation since normal
osteocalcin serum values have been measured in
various _ chronic diseases of non-inflammatory
origin."”

Previous studies have reported other abnormali-
ties of bone metabolism in rheumatoid arthritis.
Thus the total body calcium is reduced'® and the
whole body retention of **™Tc diphosphonate is
increased.” * The uptake of *™Tc pyrophosphate
has also been reported to be increased in bones
remote from the area of active synovitis,” suggesting
that patients with rheumatoid arthritis may have a
generalised skeletal defect in addition to the juxta-
articular osteoporosis. The significance of increased
radiopharmaceutical uptake has not been fully
explained but it has been claimed to reflect an
increased bone turnover in rheumatoid arthritis.*

The mechanisms underlying reduced circulating
osteocalcin in arthritic conditions are not known and
any theory regarding the possible association with
altered bone metabolism must be of a highly
speculative nature. We found no relation between
serum osteocalcin and duration or inflammatory
activity of the disease defined by ESR and acute



phase reaction. We cannot rule out the possibility
that inflammatory factors may either directly or
indirectly reduce osteoblast activity since we
observed during treatment with chloroquine or
penicillamine an increase of circulating osteocalcin
concomitant with a reduction of the inflammatory
activity. Prostaglandins are considered to have an
important role in the local modulation of bone cell
activities.!” Although non-steroidal inhibitors of
prostaglandin synthesis (NSAIDs) did not reduce
the inflammatory activity or alter the osteocalcin
levels in our patients, we cannot fully rule out an
effect of NSAIDs on osteocalcin synthesis in in-
flammatory arthritides. The theoretical possibility
remains that the prestudy regimen of NSAIDs in our
patients that ended three to four days before the
start of the study induced a continuing suppression
of the osteocalcin synthesis.

Osteocalcin synthesis is influenced by states of
altered parathyroid hormone (PTH) secretion and is
reduced in hypoparathyroidism.!” Previous studies
have reported normal basal levels of PTH in
rheumatoid arthritis."' We have recently found,
however, that an acute phase reduction of serum
ionised calcium by EDTA infusion induces little if
any PTH increase in patients with active inflamma-
tory connective tissue diseases in contrast with
healthy individuals who increase their PTH levels
about 40% (unpublished data). After successful
treatment of the inflammatory condition the
patients react with normal stimulation of PTH
secretion after being given EDTA. Thus the possi-
bility cannot be excluded that a defect in regulation
of PTH secretion may underlie inflammatory associ-
ated reduction in osteoblast activity.

1,25-Dihydroxyvitamin D is a potent stimulator of
osteocalcin production both in vitro®  and in
vivo.?! Previous studies have not found any abnor-
malities in vitamin D metabolism in rheumatoid
arthritis.?? Our observation, however, that adminis-
tration of prednisolone at higher dosages induced a
significant reduction of serum osteocalcin after only
one week of therapy is compatible with the in vitro
observation that glucocorticoids inhibit the osteo-
blast production of osteocalcin induced by 1,25-
dihydroxyvitamin D.?’ This glucocorticoid effect is
dose dependent in vitro, and in our patients the
osteocalcin levels returned to pretreatment values
during gradual reduction of the steroid dosage to
5-7-5 mg/day. Even though the inflammatory activ-
ity became reduced at that dosage to the same
extent as in patients treated with chloroquine or
penicillamine, we did not observe a stimulated
osteocalcin synthesis. The corticosteroid induced
osteoporosis is a serious clinical side effect which is a
result not only of the inhibition of osteoblast activity
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but also, indirectly, of a decrease in the intestinal
absorption of calcium.? At present it is premature
to define the possible value of osteocalcin as a
marker of the deleterious effects of corticosteroids
on the skeleton.
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