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Total body calcium in rheumatoid arthritis: effects of
disease activity and corticosteroid treatment

D M REID, N S J KENNEDY, M A SMITH, P TOTHILL, G NUKI

Abstract

Rheumatoid arthritis may be associated with generalised
as well as periarticular osteoporosis. To assess the extent
of bone loss and the influence of corticosteroid treatment
total body calcium was measured by in-vivo neutron
activation analysis in 63 patients with rheumatoid
arthritis treated with non-steroidal anti-inflammatory
drugs alone and 31 treated with additional low-dose
corticosteroids. The results were compared with those in
40 normal controls matched for age, sex, and menopausal
state. There were significant reductions in mean total
body calcium in the group treated with non-steroidal
anti-inflammatory drugs (5 3% in men; 6 8% in women)
and greater reductions in the corticosteroid-treated
patients (11 5% in men, 15 5% in women). The reduction
was correlated with disease duration and activity in the
patients treated with non-steroidal anti-inflammatory
drugs alone. Measured total body calcium was signifi-
cantly less than the values predicted when this relation
was used in the corticosteroid-treated patients. The data
suggest that increased bone loss in patients with rheuma-
toid arthritis treated with corticosteroids is attributable
to drug treatment rather than disease activity.
Many patients with rheumatoid arthritis treated with

low-dosage corticosteroids and some postmenopausal
women with the disease are likely to be at risk from the
complications of osteoporosis.

Introduction

Rheumatoid arthritis is thought to be associated with generalisedl 2
as well as periarticular osteoporosis, but considerable uncertainty
exists regarding the extent of bone loss and its relation to the
duration of disease, disease activity, and additional corticosteroid
treatment. Most previous studies of osteoporosis in rheumatoid
arthritis have used radiological or photon absorptiometric
methods.' These techniques have the disadvantage of using
single bone sites and may be particularly misleading in a disease
associated with severe and variable localised periarticular
osteoporosis. The only accurate method of measuring total bone
mass in vivo is to measure total body calcium using neutron
activation analysis.3 To assess bone mass in rheumatoid arthritis
and its relation to duration of disease, disease activity, and drug
treatment we measured total body calcium in sizable groups of
patients treated with non-steroidal anti-inflammatory drugs
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alone and with additional corticosteroids and compared the
results with those obtained in controls matched for age, sex, and
menopausal state.

Subjects and methods

We measured total body calcium in 63 patients (29 men, 34 women)
with definite or classical rheumatoid arthritis4 treated with non-
steroidal anti-inflammatory agents alone and in 31 patients (nine men,
22 women) who were receiving in addition low-dosage corticosteroids
(<10 mg prednisolone/day) (see table). The results were compared
with those from 40 normal control subjects (20 men, 20 women).5
Serum calcium, phosphate, and protein concentrations and alkaline
phosphatase activity were measured in all subjects, and those with
abnormalities of calcium metabolism or medical conditions associated
with secondary osteoporosis were excluded.

Total body calcium was measured by in-vivo neutron activation
analysis. Patients were irradiated for 20 seconds from front and back,
while standing in a rigid polyethylene activation enclosure, using
neutrons from the Edinburgh MRC cyclotron. They were then
transferred to a shadow shield whole-body counter, where the gamma
radiation from calcium-49 induced from stable calcium-48 by neutron
capture was measured for 20 minutes. The patient's total body
calcium (in grams) was calculated by comparison with the energy
spectrum from an activated anthropomorphic phantom containing a
known quantity of calcium. Repeated measurements of the phantom
gave a long-term precision of 188% for a radiation dose of 13 mSv
(1 3 rem). Mean total body calcium (±1 SD) in the control population
was 1142 7 ± 133 8 g in men and 820-5 ±124-5 g in women. Individual
results were expressed as a percentage of the expected normal value
for the patient's skeletal size (arm span) and menopausal state. The
spread in the normal range was 788% in male controls and 6-5% in
female controls.5

Clinical assessments undertaken at the time of measurement of total
body calcium included measurements of articular index,6 functional
state,7 Westergren erythrocyte sedimentation rate, duration of early
morning stiffness, and rheumatoid factor titre.' Statistical analysis of
results was performed using Student's t test for unpaired variables
and by multiple linear regression analysis. The Mann-Whitney test
was used for data not normally distributed and for small samples. All
patients gave informed consent, and ethical approval was obtained
from local and national committees.

Results

The table shows details of age, duration of disease, variables of
disease activity, and corticosteroid dosage in the patients studied.
Comparison of the results obtained in the control and patient groups
(fig 1) showed a significant reduction in mean total body calcium in
patients receiving non-steroidal anti-inflammatory drugs alone (men
5.30%, p<O 05; women 6 8%, p< 01). Mean total body calcium was
further reduced in patients receiving low-dosage corticosteroids
compared with controls (men 115%, p<001; women 15-5%,
p<0 001) and in women receiving low-dosage corticosteroids com-
pared with those receiving only non-steroidal anti-inflammatory drugs
(8 7%, p<002).

In patients receiving non-steroidal anti-inflammatory drugs total
body calcium was not significantly correlated with any single index of
disease activity or duration. Multiple linear regression analysis,
however, showed a weak but significant correlation between total body
calcium and a composite index of articular index, functional state,
erythrocyte sedimentation rate, rheumatoid factor titre, and duration
of disease (r=0-34, p <001) in 56 patients who had not received gold.
A similar correlation was shown in 26 of the patients receiving
corticosteroids (r = 0 64, p < 0 01), in whom there was also an inverse
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Mean age and variables of disease in patients studied (ranges given in parentheses)

Men Women

NSAID* Steroids NSAID* Steroids
(n = 29) (n = 9) (n = 34) (n = 22)

Age (years) 517 53-6 52 4 56 1
(29-70) (32-70) (25-70) (34-69)

Duration of disease (years) 8-5 5 7 8 2 12-3
(0 8-28) (1 5-10) (0 6-30) (3-33)

Erythrocyte sedimentation rate
(mm in first h) 35-9 31-9 39-5 35 0

(1-115) (2-104) (2-105) (4-137)
Rheumatoid factor (1/titre) 392 566 345 432

(0-1280) (0-1280) (0-2480) (0-1280)
Articular index 10 6 9 14 8 10 6

(0-21) (0-18) (4-31) (1-23)
Functional state 2 14 1-89 1 99 2 00

(1-4) (1-2) (1-2 5) (1-3)
Prerinkicnne (ma) f- 1 f; 'A

Duration of steroidi
(years)

*NSAID = Non-ster
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agents alone. No significant differences were found in erythrocyte
sedimentation rate, functional state, and rheumatoid factor titre
between the group receiving non-steroidal anti-inflammatory drugs
alone and additional corticosteroids, although the duration of disease
was 25%// higher (p < 0-02) and the articular index 20% lower (p < 0-05
in the group receiving corticosteroids.

In patients receiving corticosteroids total body calcium was closely
correlated with the mean daily dose of prednisolone (r= -0-66,
p<0001) (fig 2) but not with duration of treatment or the total
steroid dose (daily dose x duration of treatment).

Discussion

(46-95) (4-10) These studies show a significant reduction in mean total body
treatment 27 66 calcium in patients with rheumatoid arthritis who had not

(1-6) (2-22) received corticosteroid drugs and strongly suggest that the
reduction in bone mass is an integral feature of the disease. The

roidal anti-inflammatory drugs. only previous studies of total body calcium in patients with
rheumatoid arthritis showed conflicting results. In a small
preliminary study Zanzi et a19 found no reduction in seven

Women Men women who had not received corticosteroids, while Kennedy
et al'0 found an 18% reduction in 32 women compared with

n=20 n=34 n=22 n=20 n= 29 n=9 hypertensive controls. No details of drug treatment preceding
the study were given in the latter paper.
By using localised methods of skeletal measurement several

21 _ W _previous studies have suggested a relation between bone loss
j~l - - and duration of disease in rheumatoid arthritis," while others

have been unable to confirm this.141l Most studies in which
It _radiological or absorptiometric methods have been used,

however, have suggested a relation between bone loss and
variables of disease activity including erythrocyte sedimentation

4-p<OOl. p<0055 rate"3-"5 and rheumatoid factor titre."3
*p<002-IUnfortunately, there is no good method by which overall

c-0poool- p<l00 disease activity over a period of time can be assessed. The
composite index used in this study included the erythrocyte

S \t p <' wd 4' sedimentation rate and rheumatoid factor titres as indicators of
CJS xA MtKo2' xA sxei disease activity at the time of measurement of total body calcium

w
5t,e?t« <ex as well as functional state and duration of disease, which also

y calcium expressed as percentage of expected normal reflect the clinical state over a prolonged period. Although the
)) in male and female controls and patients with rheumatoid correlation between total body calcium and the composite index
ted with non-steroidal anti-inflammatory drugs (NSAID) of disease duration and activity in patients who had not received
s. corticosteroid treatment was relatively weak, it did permit total

bone mass in the steroid-treated patients to be predicted. The
striking discrepancy between measured and predicted total body
calcium in the steroid-treated group suggests that loss of bone
mass in these patients is directly attributable to the drug
treatment and not a function of more prolonged or severe under-
lying disease. Some previous studies using less sophisticated

g* methods have failed to show a relation between osteoporosis
and corticosteroid treatment in patients with rheumatoid

*-. Ij . * * arthritis," 1517 and it has been suggested that low-dosage
treatment may be free from this risk and that improved mobility

D \ attributable to the use of corticosteroids may have the effect of
. reducing bone loss. Most studies, however, have shown evidence

D . . < of increased bone loss in patients with rheumatoid arthritis
. treated with corticosteroids,9 16 18 although this has not been
0vf * correlated with steroid dosage. The finding that daily cortico-

0 3 4 5 6 7 8 9 10 steroid dosage is correlated with reduction in total body calcium
Daily dose ot prednisolone (mg) while duration of corticosteroid treatment is not is consistent

)f total body calcium, expressed as percentage of mean with the hypothesis that the histochemical changes and catabolic
daily dose of prednisolone (mg) in patients with rheu- effects of corticosteroids on bone are most pronounced early in

eated with corticosteroids. the course of treatment.'9 20

Previous measurements of total body calcium in women with
en total body calcium and articular index (r -0-60, symptomatic postmenopausal osteoporosis have shown mean

reductions of 16 and 18% greater than expected values.3 21 This
ation obtained by multiple linear regression analysis would seem to suggest that despite low mean daily doses of
ing only non-steroidal anti-inflammatory drugs was prednisolone (men 61 mg; women 6-3 mg) some male patients
total body calcium in 'patients receiving additional with rheumatoid arthritis treated with titid (mean
redicted from the duration of disease and variables rdti inmtotalibod calcu of 115%)candemany feal
y was found to be 93-6±3-7% (range 87-5.10233%). reduction in total body calcium of 11-5%) and many female
antly higher (p<0 005) than the measured value in patients (mean reduction 15-5%) are at risk of osteoporotic
imilar to the measured value (93-2±10-9%) formen complications. As a group patients treated with non-steroidal
the group taking non-steroidal anti-inflammatory anti-inflammatory drugs alone, with a mean reduction in total
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body calcium of only 5-3% in men and 6-8% in women, are
probably not at high clinical risk of complications ofosteoporosis.
Since, however, the range of the reduction was wide (-20% to
+12% in men; -33% to +19% in women) and many patients
with rheumatoid arthritis are postmenopausal women, probably
many individual patients who have not received corticosteroids
will sustain clinically important reductions in skeletal mass.
Although there has been an isolated report of spontaneous
fractures in patients with rheumatoid arthritis who had not
received corticosteroids,22 there is clearly a need for epidemio-
logical studies of the incidence of fracture in patients with this
disease.
These studies also suggest that it will be important to try and

establish the pathological basis of reduced bone mass in patients
with rheumatoid arthritis as well as to determine to what extent
this is the result of local and generalised osteoporosis.

This work was supported by grants from the Scottish Hospital
Endowment Research Trust and the Arthritis and Rheumatism
Council. We are indebted to the Medical Research Council for use of
the cyclotron at the Western General Hospital, Edinburgh.
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ONE HUNDRED YEARS AGO On Sunday, the 10th, I lost
sight of the cases at the base hospital at Ismailia as I proceeded to the
front. I proceeded on the march at 4 30 pm, with a regiment from
Ismailia, for Nefiche. The distance being only three miles, but over
heavy sand, no man fell out. We bivouacked for the night at Nefiche.
The men carried ammunition, rifles, and blankets, as the nights are
cold; no valises. Next day, one man with ophthalmia being sent back,
we marched at 4 30 am for Mahouta, about seven miles. At the end of
four or five miles, we bivouacked for the day, and had dinner. The men,
by means of pieces of wood round their bayonets, made themselves
more comfortable shades, the sun being very hot. One man with
ophthalmia and one who was feverish were sent back by canal to
Ismailia. The march to Mahouta was completed in the evening, where
we bivouacked for the night. The smell in this camp and on the march
to it was very bad, on account of the dead men and horses, etc, who
were killed in the action of some days previously. All the dead and
carcases were buried, but not very deep. On Tuesday, the 12th, I
started at five minutes to 5 am. We marched to Kassassin, about eleven
or twelve miles. Breakfast was served by the men when we had
marched about eight miles. Arrived at Kassassin at noon. The latter
part of the march was very hot. There was only one man who had to
be carried the latter part of the march; he was simply exhausted. The
accoutrements of two or three men were also carried. There was no
sunstroke. Coffee or beer was always served before a march was begun.
We bivouacked at Kassassin until 6 45 pm. At that hour the regiment
turned out, the men carrying only their ammunition and rifles, water-
bottles, and biscuits. Four men were not fit to march on account of

slight feverishness and exhaustion. The bandsmen carried two
stretchers per company, and there were two water-carts. A pony
carried two fresh companions. During the night, we marched about
twelve miles, to get on the left of Arabi's position at Tel-el-Keber. Not
a man fell out. I attribute the good marching, and the fact that there
was no sunstroke, to the absence of drink. I am convinced that
sunstroke nearly always happens in the case of men whose skins are
not acting on account of the effects of alcohol. During the night, there
were several halts, and the men slept during each halt. At daybreak,
we were close to the Arab entrenchments, and the enemy opened a
heavy fire of shells and musketry. For about five minutes, our men
marched steadily on, nobody being hit. During the next ten minutes,
the wounded dropped very rapidly; they were looked to at once by the
regimental ambulances. Luckily, the position was so rapidly taken,
that the Arabs left their water-bottles on the field, and the wounded
were easily provided with water, for which they craved. The ambu-
lance-bearers were soon on the field, and all the wounded were carried
to the field hospitals; in a very short time, the wounded were removed,
and the dead buried. The same evening, nearly all the wounded were
sent to Ismailia by train. Of one regiment which went into action over
seven hundred strong, I saw two killed, and about fifteen wounded;
and a good many, suffering from exhaustion, had to go to the field
hospital, as they were unable to march with the regiment to camp,
which was about three miles from where the entrenchments were
carried. These latter seemed to give way only when the excitement was
over. Hundreds of the Egyptian wounded are being brought in, and
treated by our bearer-companies. (British Medical3Journal, 1882.)
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