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Vertebral and peripheral bone mineral content and
fracture incidence in postmenopausal patients
with rheumatoid arthritis: effect of low dose
corticosteroids
A VERSTRAETEN AND J DEQUEKER

From the Division of Rheumatology, Department of Internal Medicine, Katholieke Universiteit Leuven,
Universitaire Ziekenhuizen Leuven, B-3041 Pellenberg, Belgium

SUMMARY Peripheral and axial bone mass and fracture incidence were studied in a group of 104
postmenopausal patients with rheumatoid arthritis (RA). Patients were divided into non-
cortiscosteroid and low dose corticosteroid treated groups after elimination of patients with
concomitant disease or therapy which might affect bone mass. Results were compared with those
obtained in controls matched for age and sex. Bone mass at the distal radius was significantly
reduced compared with that of controls in both patient groups. Axial bone mass, however, was
normal in both treatment groups, non-corticosteroid treated patients having even a significantly
higher bone mass than controls (p<0-05) and corticosteroid treated patients (p<0.05). Fracture
incidence (vertebral and femoral neck) was significantly (p<0*01) higher in corticosteroid treated
patients than in the non-corticosteroid treated group. The mean lumbar bone mineral content
and the body weight of the fracture group were significantly lower than in the controls. There
were no significant differences in biochemical markers of bone turnover between the RA groups.

Key words: bone mass, single-dual photon absorptiometry.

In rheumatoid arthritis (RA) a generalised increase
in bone turnover is well recognised, 1-3 as is localised
bone loss near affected joints.48
There remains, however, doubt as to whether

bone loss is a generalised systemic effect of the
disease process, involving also the trabecular bone
of the spine, or whether it is the result of disease,
localised to the involved joints.
The majority of the previous studies in RA have

measured mainly cortical bone, using radiolo-
46 7 9-12 1 8gical,4 single photon absorptiometry, or

neutron activation techniques.'3 A direct measure-
ment in vivo of bone mineral content of the lumbar
spine in RA has not been done. At present two
techniques to evaluate this region are available,
namely dual photon absorptiometry and computed
tomography. Since the cause of bone loss in RA may
Accepted for publication 21 April 1986
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be multifactorial, with the duration and severity of
the disease process, the administration of cortico-
steroids systemically, age, sex, and menopausal
state all having an influence, it is necessary to
control as many of these factors as possible in order
to obtain unbiased results.

In some studies a more severe degree of bone loss
was found in RA patients treated with
corticosteroids,8 13 14 but other studies did not
confirm this.7 9 1 12 15 16 Numerous studies confirm
the deleterious effects of corticosteroids on bone,
especially trabecular bone, and the musculoskeletal
system in other diseases. 17-19
We have, therefore, prospectively studied bone

mass, both peripheral and axial, and fracture
incidence in a group of postmenopausal patients
with RA. We have divided them into a non-
corticosteroid treated group and a corticosteroid
treated group after elimination of all possible
interfering factors, and we have compared the
results obtained in these groups with those from
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control group matched for sex, age, and menopausal
status.

Patients and methods

Bone mineral content (BMC) was measured in the
radius and the spine in 104 postmenopausal women
with classical or definite RA (American Rheuma-
tism Association criteria20) and in 43 postmenopausal
controls. The patients with rheumatoid arthritis
were consecutive admissions to our rheumatology
unit for adjustment of therapy.
At the time of the bone mineral content measure-

ment all patients received a check of their metabolic
bone state, including biochemical (serum and urin-
ary) parameters of calcium metabolism as previously
described,2' and one x ray of both hands and the
spine.
Bone mineral content (BMC) at the forearm

(distal radius 1/3 left side) was measured by means
of the Norland Cameron 1251 single photon absorp-
tiometry method,'7 while lumbar BMC (L2-L3-L4)
was measured by means of the Novo Lab 22 '53Gd
dual photon absorptiometry method.'8
The patients with RA were divided into two

groups according to whether or not they were being
treated with corticosteroids systemically at the time
of the evaluation or had been during the past disease
course for at least six months.
Almost all patients were receiving non-steroidal

anti-inflammatory drugs and all of them had been
treated with one or more or were still under
treatment with disease modifying antirheumatic
drugs.

Forty patients were at the time of bone mineral
content estimation, or had been in the past, treated

with drugs such as sodium fluoride, vitamin D, or
oestrogens (n=23) or had concomitant diseases
such as early bilateral ovariectomy, renal insuffi-
ciency, or malignancy (n= 17), which might influence
BMC and biochemical parameters of skeletal meta-
bolism. The values obtained from these patients
were not taken into account for further evaluation.
The fracture incidence was evaluated in the total

postmenopausal RA population (n= 104) studied. A
vertebral fracture was defined as a clear change
(>20%) in the shape of the anterior, medial, or
posterior part of the vertebrae on a lateral x ray of
the dorsal and lumbar spine. Occurrence of other
cortical bone fractures was also registered.
The control group consisted of 43 postmenopausal

women who voluntarily participated in a population
study of bone mineral content performed in our
service. None of them had any concomitant disease
or treatment which might affect bone metabolism.

Results

Characteristics of patients and controls are sum-
marised in Table 1. In the corticosteroid treated
group there were no differences between patients
treated with corticosteroids in the past and those
under treatment at the time of the measurement, so
they could be regarded as one entity. Sixty four per
cent of the patients in the corticosteroid treated group
were still on steroids at the time of the investigation.
The mean dose of prednisone equivalent was 8-9
(SD 6.0) mg/day, and the mean duration of
corticosteroid treatment was 4-7 (SD 4.1) years. The
corticosteroid treated patients had a significantly
longer disease course than the non-corticosteroid

Table 1 Characteristics of patients and controlst

Group 1: RA patients Group 11: RA patients Controls
(n=36) + corticosteroids (n=28) (n=43)

Age (years) 59-2 (7-6)t 59-2 (4-8) 58-6 (8-1)
Years since menopause 10-8 (9-2) 10-7 (7-3) 9-6 (8.6)
Height (cm) 159-0 (5-2) 157-3 (4.5) 159-1 (5-6)
Weight (kg) 67-1 (11-0) 61-8 (10-2)* 67-7 (9.6)
Duration of disease (years) 6-2 (6-5) 17-7 (10-3)**
Rheumatoid factor positivity (%) 68 82
Anatomic class (%) 1 58 14-3

2 61-8 19-0
3 17-6 28-6
4 14-8 38-1

Functional class (%) 1 0 0
2 61*1 40-7
3 38-9 55-6
4 0 3.7

*p<O0O5 compared with controls (Student's t test); **p<0-001 compared with group I (Student's t test).
t Patients with concomitant disease or calcitropic therapy are not included.
tValues are mean (SD).
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treated patients, and their body weight was signifi-
cantly lower than that of the controls.
Table 2 provides an overview of the serum and

urinary parameters of bone metabolism in both
groups. As can be seen from this table, there were
no significant differences between the two groups in
biochemical parameters of bone turnover.
The results of the bone mineral content measure-

ments at the radius, distal 1/3, both trabecular and
cortical site, and at the lumbar spine, are given in
Table 3.

In both RA groups peripheral BMC values were
significantly reduced compared with those in the

control group. There were no significant differences
between the RA groups.

Vertebral column BMC values for patients who
had never been treated with corticosteroids were
significantly higher than those in the control group
and in the corticosteroid treated group. The last
group, however, did not significantly differ from the
control group.
When in the RA groups a case control study was

made of patients with comparable disease duration
there was no longer a difference between non-
corticosteroid treated (n= 12, mean age 64.2 (SD
5-9) years and mean disease duration 9-9 (SD 4-6)

Table 2 Comparison ofserum and urinary parameters ofbone metabolism between patients with RA treated or not treated
with corticosteroids

Group L: RA patients Group 11: RA patients + Significance
(n=36) corticosteroids

(n=28)
Serum
Total calcium (mg%)* 9 0 (0.4) 9-0 (0.4) NS
Albumin (g%)* 3-58 (0-48) 3-48 (0-36) NS
Ca corr. alb.t (mg%)* 9-4 (0.5) 9 5 (0.5) NS
Phosphorus (mg%)* 3-79 (0-41) 3.77 (0-41) NS
Alk. phosphatase activity (IUll) 102-5 (21-7) 97-0 (26.5) NS
Creatinine (mg%)* 0.75 (0-15) 0-76 (0-21) NS
iPHIt (RsUl) 56.0 (31-8) 69-8 (34.0) NS
25-OHD3 (R.g/ml)* 15-2 (8-5) 18-2 (13-6) NS

Urine
Fasting Ca/creatinine 0-106 (0-064) 0-097 (0-078) NS
Fasting hydroxyproline/creatinine 0-065 (0-033) 0-059 (0-025) NS
Fasting GAGt/creatinine 0-062 (0-028) 0-071 (0-033) NS
Calcium (mg/24 h)* 101-8 (73-6) 85.4 (57-7) NS
Hydroxyproline (mg/24 h)* 42-8 (14-6) 38-2 (19-2) NS
GAG (mg/24 h) 48-3 (28-2) 48-2 (23-3) NS

Values are mean (SD).
*SI conversion: total calcium mg% x 0 250=mmoI/; albumin g% x 10 = g/l; Ca corr. alb. mg% x 0-250 = mmoVI; phosphorus mg% x
0-323 = mmollI; creatinine mg% x 88-4 = tunoVl; 25-OHD3 sg/ml x 2-4 = moI/l; calcium mg/24 h x 0-0250 = mmol/24 h;
hydroxyproline mg/24 h x 0-00763 = mmol/24 h.
tCa coff. alb. = serum calcium corrected for serum albumin level; iPTH = immunoreactive parathyroid hormone; GAG =
glycosaminoglycans.

Table 3 Bone mineral content (BMC) at the radius and lumbar spine

Group 1: RA Group If: RA patients Controls
patients + corticosteroids (n=43)
(n=36) (n=28)

Peripheral BMC at the distal radius
3 cm (g/cm2) 0-391 (0.084)** 0-408 (0-126)* 0-463 (0-091)
8 cm (g/cm2) 0-544 (0-103)*** 0-571 (0-114)* 0-624 (0096)

Lumbar BMC L2-L3-L4 (g HA)t 35-06 (7.05)* 30-74 (8-24)**** 32-04 (5-21)

Values are mean (SD).
Student's t test: *p<0-05 compared with controls; **p<0-005 compared with controls; ***p<0-001 compared with controls; ****p<04-)1
compared with group I.
tg HA=grams hydroxyapatite.
SI conversion: hydroxyapatite g x 0-9954=mmol.
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years) and corticosteroid treated patients (n= 14,
mean age 58*8 (8.7) years and mean disease
duration 12-8 (4-1) years).

Values for lumbar BMC were 33-41 (8.97) g HA
(33-26 (8 93) mmol) v 32-34 (7-51) gHA (32-19 (7.48)
mmol) (NS), respectively.

In the control group BMC at the radius 3 cm and
8 cm was significantly correlated with BMC of the
axial skeleton (r=0.548, p<0-001 and r=0-452,
p<0-005 respectively). In the RA group this correla-
tion was found only in the corticosteroid treated
group, though at a lower level of significance
(p<O.05).

In none of the RA groups was there a correlation
between lumbar BMC and biochemical markers of
bone turnover. There was- also no correlation
between duration of corticosteroid treatment and
lumbar BMC.

Fractures of vertebrae or femoral neck due to
minimal trauma occurred in 9-6% of the RA group
as a whole. The percentage of patients in the
corticosteroid treated group who sustained fractures
(16-3%) was greater than the percentage in the non-
corticosteroid treated group (3.6%).
Table 4 lists the characteristics of the patients with

RA who sustained a fracture due to minimal
trauma. Three patients had a fracture of the femur
and eight had vertebral compression fractures. Four
of the 10 patients with fractures had a concomitant
disease which might have had an effect on the
skeleton. Eight of the patients were on cortico-
steroid treatment. The difference in fracture rates
between the corticosteroid and non-corticosteroid
patients was significant (X2=6-77, p<001). This
table shows that the patients with RA who sustained
fractures were slender in comparison with normal
controls. Their values for bone mass, both peri-
pheral and axial, were significantly lower than the
values in controls. Their mean period since meno-
pause was longer owing to the fact that some
patients underwent ovariectomy at a very young
age.

Discussion

This study conducted in a homogeneous group of
postmenopausal patients with RA shows that
rheumatoid arthritis does not alter the bone mineral
content in the spine, but that corticosteroids even in
low dose affect the spine and fracture incidence. The
bone mineral content of the peripheral skeleton
near the arthritic joints is significantly reduced in
RA with no additional effect of steroid treatment.
The latter findings agree with previous reports of a
lower bone mass at the metacarpals or at the radius
in RA,S8 1112 and with our previous longitudinal
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data,4 and those of Virtama et al,12 which showed
that corticosteroid treated patients did not lose more
bone from the peripheral skeleton, indicating that
inflammation and disuse due to pain and destruction
are the main factors involved in peripheral bone loss
in RA.
The finding of a significantly increased lumbar

BMC in non-corticosteroid treated RA cases is
interesting but difficult to explain. It is possible that
non-steroidal anti-inflammatory drugs, because of
their prostaglandin synthetase inhibiting effect, in-
terfere with bone resorption. It has been shown by
Mundy that in vitro prostaglandin E2 stimulates
bone resorption."9

Differences in lumbar BMC between the two RA
groups disappear, however, when a case control
study of comparable disease duration in both groups
is made. So the difference in lumbar BMC between
corticosteroid treated and non-corticosteroid
treated patients was due to a difference in disease
duration rather than to the corticosteroid treatment.
On the other hand, we observed a significantly

higher incidence of fractures in the steroid treated
patients. The explanation for this contradictory
observation is not clear, but it is possible that
corticosteroids alter the quality of the bone rather
than the quantity of bone mineral. Another possibil-
ity is that the expected low BMC of the spine in
steroid treated patients is masked by compression of
trabeculae, secondary sclerosis of the end plates,
and apophyseal osteoarthritis.

In studies using other measuring techniques, such
as neutron activation, significantly lower total body
calcium values were found in corticosteroid treated
patients with RA which correlated with steroid
dosage.13 These results, however, cannot be com-
pared with ours since they combined men and
women with RA of all ages and since 80% of the
total body calcium represents peripheral cortical
bone mass.
McConkey et al'6 and Hajiroussou and Webley,"

using a subjective density grading of x rays of the
spine, did not find significant differences between
patients with RA receiving low dose corticosteroids
or non-corticosteroid treatment. As in our study,
McConkey noted that vertebral fracture was seen
only in the corticosteroid treated patients. Saville
and Kharmosh, on the other hand, found no greater
incidence of spinal fractures in those treated with
corticosteroids.7
The mechanism by which corticosteroids may

alter bone quality is not known. Low doses (5 mg of
prednisone) over a 32 week period appear not to
affect vitamin D metabolism,72 but high dose
prednisone therapy may lead to secondary altera-

tions in 25-hydroxyvitamin D metabolism23 and to a
marked decrease in intestinal calcium absorption. 24

In this study 25-hydroxyvitamin D levels were
normal, as were serum levels of immunoreactive
PTH. The latter observation is in contrast with the
finding of Fucik et al, who found an increased PTH
level in corticosteroid treated patients.25

Despite the evidence presented in this paper on
the lack of effect of corticosteroids on lumbar bone
mineral content in RA compared with the effect on
normal controls we think that the increased inci-
dence of pathological fractures in patients receiving
corticosteroids for RA and other conditions26 estab-
lishes the deleterious effect of this drug on bone
quality in some patients. Since the incidence of
steroid induced osteoporosis is less than 50% there
is a need to identify the patients at risk and apply
preventive measures. This study points to the
patient at risk being the postmenopausal women,
especially the slender one.27
Frumar et al showed that obesity protected against

excess calcium loss and bone resorption,28 indicating
a relation between body weight, circulating oes-
trogens, and urinary calcium loss.

In the postmenopausal women androstenedione
from the adrenal gland becomes converted to
oestradiol in the subcutaneous fat. In the presence
of exogenous corticosteroids the pituitary-
hypothalamic axis is suppressed, resulting in dimin-
ished output of androstenedione from the adrenal
gland and thus lower serum oestrogen levels.
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