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ABSTRACT
Recent research has made striking ad-
vances, adding to our understanding of
the aethiopathogenesis of several forms
of secondary osteoporosis, including those
associated with rheumatic diseases and
glucocorticoid treatment. Furthermore,
in the last 3 years new drugs have been
shown to prevent glucocorticoid-induced
bone loss. Guidelines that are suitable
for clinical practice have been published.
Knowledge of those new opportunities
and strategies, which are briefly review-
ed in this article, will reduce the risk of
osteoporotic fractures in rheumatic and
non-rheumatic patients.

The deleterious effect on bone of gluco-
corticoids (GC) has long been recog-
nized. Today GC-induced osteoporosis
still represents the most common second-
ary form of osteoporosis. GC are widely
used in the rheumatic diseases and have
been considered to be the principal aeti-
ologic factor underlying the bone loss
observed in rheumatic patients. Over the
last decade, however, marked advances
have been made in our knowledge of the
negative impact that some rheumatic dis-
eases can exert on bone mass. There have
been three crucial steps in this under-
standing:
1. The application of densitometry meas-

urements which quantitate bone mass
with high precision and accuracy, such
as double energy x-ray absorptiometry
(DEXA).

2. The use of urinary and serum mark-
ers of bone turnover, whose assess-
ment gives information about the un-
coupling between osteoblasts and os-
teoclasts which can occur in physio-
logic (i.e., menopausal status) and path-
ologic conditions and as a response to
GC treatment.

3. The understanding that several cyto-
kines and inflammatory mediators in-
duce the recruitment, differentiation
and activation of osteoclasts, includ-
ing interleukin (IL)-1, tumor necrosis

factor (TNF)-α and TNF-β, IL-6, IL-
11 and IL-17.

On the basis of biological, densitometric,
and biochemical studies, osteoporosis
has been finally recognized as a com-
mon complication of rheumatoid arthri-
tis (RA) independently of GC use; a 2-
fold increase in the risk of osteoporosis
[defined as a bone mineral density (BMD)
that is 2.5 standard deviations (SD) or
more below the mean value in young
healthy adults] and in the risk of hip and
vertebral fractures has been consistently
reported in RA with respect to the nor-
mal population. It is now well document-
ed that bone loss in RA is mainly due to
increased bone resorption with normal
or reduced bone formation, and that this
uncoupling parallels disease activity.
Furthermore, densitometric surveys have
recently shown that systemic lupus ery-
thematosus (SLE) and ankylosing spond-
ylitis patients are also at higher risk of
osteoporosis than the normal population.
SLE patients have a 5-fold greater prob-
ability of sustaining a fracture than nor-
mal subjects, and both the prevalence
and extent of this bone mass reduction
seem to be similar to that seen in RA.
GC are believed to play a significant role
in the induction of osteoporosis in SLE,
but some evidence suggests that disease-
dependent mechanisms can lead to bone
loss.
In the last 3 years great advances have
been made in the field that encompasses
rheumatic diseases, GC treatment and
bone loss. The present supplement will
offer a comprehensive review of present
knowledge in this field, of which this
chapter will provide a brief overview.
One of the most important recent discov-
eries has concerned the mechanism un-
derlying the regulation of osteoclasto-
genesis and bone resorption. Osteoclast
differentiating factor (ODF) is a newly
discovered member of the TNF family
that induces the differentiation and matu-
ration of osteoclast precursor cells into
osteoclasts (1, 2). ODF is also known as
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TNF-related activation-induced cytokine
(TRANCE), receptor activator of nuclear
factor kB (RANK) ligand, or osteopro-
tegerin (OPG) ligand, and is expressed
as a transmembrane ligand on osteo-
blasts/stromal cells. It binds to RANK,
a transmembrane receptor expressed on
hemopoietic osteoclast precursor cells.
The interaction between the RANK lig-
and and RANK results in osteoclast ma-
turation and bone resorption. This is re-
gulated by OPG, a soluble decoy glyco-
protein synthesized by early osteoblasts,
which is also referred to as osteoclasto-
genesis inhibitory factor (OCIF). OPG
binds to the RANK ligand and blocks
its interaction with RANK, thus inhibit-
ing osteoclast development. What is of
special interest in rheumatology is that
it has been reported that activated T-cells
also express the RANK ligand: the re-
sulting imbalance between OPG and the
excess RANK ligand could play an im-
portant role in the induction of exces-
sive bone resorption in chronic arthritis,
such as RA. In fact, a protective role of
OPG against bone loss in adjuvant ar-
thritis has been reported (3, 4). This find-
ing clearly opens up new perspectives
for the possible treatment of diseases
characterized by increased bone resorp-
tion.
Much has also been learned about the
pathogenesis of GC-induced osteoporo-
sis. It is now evident that the primary
mechanism behind this form of bone loss
is the suppression of osteoblastogenesis
and osteoclastogenesis and the increased
apoptosis of osteoblasts and osteocytes.
With our increasing knowledge of the
clinical and diagnostic features of GC-
induced bone loss and with the availabil-
ity of effective new therapies, various
guidelines have been recently published
(5-7). In the period 1997-2000 the bis-
phosphonates etidronate (8), alendronate
(9) and risedronate (10-12) have been
shown to be effective in the prevention
and treatment of GC-induced osteoporo-
sis at both the lumbar spine and femoral
neck. They also showed a trend for a re-
duction in the vertebral fracture inci-
dence in postmenopausal women. Bis-
phosphonates are currently the recom-
mended first line therapy for the preven-
tion and treatment of GC-induced oste-
oporosis. The finding that etidronate,

alendronate and pamidronate prevent the
apoptosis of murine osteocytic cells and
osteoblasts induced by TNF-α and dex-
amethasone in vitro, and that alendronate
suppresses the apoptosis of cancellous
bone osteocytes and osteoblasts in vivo
in mice following prednisolone admin-
istration are of great interest (13).
In the near future new drugs could be-
come available that will suppress the ef-
fect of GC on bone and reverse bone loss.
Human parathyroid hormone (hPTH)
fragment 1-34 given intermittently pre-
vents osteoblast and osteocyte apoptosis
in animal models, prolongs the lifespan
of these cells and increases bone forma-
tion (14). Furthermore, intermittent hPTH
can reverse the inhibitory effect of GC
on the synthesis of insulin-like growth
factor I (IGF-I) and can prevent the im-
balances in the RANK/RANK ligand/
OPG equilibrium which have been docu-
mented in the early phases of GC treat-
ment (15). It has been shown that a 12-
month period of hPTH (1-34) therapy in
postmenopausal, estrogen-replete wo-
men on chronic GC treatment results in
an 11% increase of the lumbar spine
BMD, measured by DEXA. Quantitative
computerized tomography, which meas-
ures the lumbar spine trabecular bone,
showed a 35% increase. On the other
hand, total hip and femoral neck BMD
remained unchanged the first year, but
increased 5% over baseline 12 months
after hPTH treatment was stopped (16,
17). hPTH may therefore represent a
powerful therapy for reversing GC-in-
duced trabecular bone loss. The associa-
tion of hPTH with strong inhibitors of
bone resorption, such as the newer bis-
phosphonates alendronate and risedro-
nate, could result in a greater effect on
bone accrual.
Finally, a new agent, the selective estro-
gen receptor modulator raloxifene, has
been shown to significantly reduce the
risk of vertebral fractures in postmeno-
pausal osteoporosis (18). Raloxifene has
not been tested so far in the prevention
and treatment of GC-induced osteoporo-
sis, but it already represents an alterna-
tive to estrogen replacement therapy in
postmenopausal women on long-term
GC who refuse or cannot take estrogen.
We now possess strategies capable of
significantly limiting bone loss and frac-

tures in rheumatic patients taking GC. If
used, these strategies could in the future
substantially reduce the social and eco-
nomic burden of osteoporotic fractures.
However, clinicians must keep these op-
tions clearly in mind and should consider
offering every patient who is beginning
long-term GC treatment the preventive
measures now available. Data in the lit-
erature show that at present only a small
percentage of patients starting long-term
therapy with GC also receive sound ad-
vice for the prevention of osteoporosis
(19, 20). Perhaps the importance of the
precautionary measures recommended in
all of the available guidelines (such as
early vertebral and hip bone mass meas-
urement, risk factor assessment, optimi-
zation of calcium intake, evaluation of
vitamin D status, etc.) has not been ad-
equately appreciated by the physicians
who prescribe GC. Hopefully, in the near
future – during the Bone and Joint Dec-
ade – the general approach to the pre-
vention and treatment of GC-induced os-
teoporosis will change.
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