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ABSTRACT
This article reviews the effects of
DMARDs (including biologic agents)
on bone metabolism in rheumatoid ar-
thritis (RA). At present there is no evi-
dence that methotrexate, at least at
dosages ranging from 5 to 20 mg/week,
negatively affects bone mass as mea-
sured by DXA (BMD) as documented in
both cross-sectional and longitudinal
studies. Most studies of cyclosporine
(CyA) use reporting a reduction in ero-
sions and joint damage with no adverse
effects on bone, did not measure BMD;
CyA treatment is associated with a
dose-dependent increase of bone turn-
over as well as a decrease in both ani-
mal and human studies; however, its
use in RA setting at a dose ≤5 mg/Kg/
day has so far not been associated with
clinical relevant adverse effects on bone
metabolism. Anti-TNF-α agents, infli-
ximab reduced markers of bone turn-
over in two longitudinal studies. Data
on BMD are not available in RA; nev-
ertheless, an increase in BMD has been
documented in spondyloarthropathies
with infliximab and etanercept. No cli-
nical data concerning BMD are avail-
able on leflunomide as well as on the
newer biologic agents (adalimumab,
rituximab, anakinra). 

Introduction
Over the past decade the therapeutic
approach to patients with rheumatoid
arthritis (RA) has shifted towards the
earlier and more aggressive use of dis-
ease modifying antirheumatic drugs
(DMARDs) (1, 2). In fact, scrupulous
examination of the natural history of
RA has demonstrated that 90% of those
patients who develop erosions did so
within the first 2 years of the disease
course (3), as detected by currently

available imaging techniques such as
MR.
This aggressive approach to the man-
agement of RA is based upon the avail-
ability of new, highly effective DMARDs
including cyclosporin A (CyA), metho-
trexate (MTX), leflunomide and bio-
logic agents such as anti-TNF-α (etan-
ercept and infliximab). These drugs can
be used either as monotherapy or in
combination (4). As a result the con-
ventional therapeutic “pyramid” has
been inverted (5) and reconstructed, the
goal now being to prevent joint damage
in early disease, prior to the develop-
ment of extensive long-term damage
(6,7).
Generalized bone loss (8,9) and an in-
creased rate of vertebral (10, 11) and
hip fractures (12, 13) have been well
documented in the past, as well as in
recent papers including a large cohort
of RA patients (14-17). The pathogene-
sis of these processes is multi-factorial,
involving both disease-specific [dis-
ease activity, cytokines, reduced physi-
cal activity and glucocorticoid (GC)
use] and non-disease-specific factors
(age, female sex, postmenopausal sta-
tus) (18, 19). Additional potential risk
factors for bone loss in RA could
include treatment with DMARDs such
as MTX and CyA, both of which have
been associated with the development
of osteoporosis in animal models. In
fact recent studies suggest that these
and other immunosuppressive agents
may cause generalized osteoporosis in
humans, as well. This article will criti-
cally review the possible effect on bone
mass in RA patients of MTX and CyA,
and in addition will highlight the possi-
ble effects on bone metabolism of lef-
lunomide, anti-TNF-α drugs and other
biologic agents.
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Methotrexate
MTX, a folic acid antagonist, emerged
as an "anchor drug" for the treatment of
RA during the 1990s (20), but it is also
a chemotherapeutic agent commonly
used in patients with malignant disease.
The triad for MTX osteopathy includes
osseous pain, osteoporosis and stress
fractures localised to the distal tibiae
and was first described in children with
leukemia who were receiving low-dose
long-term maintenance therapy; these
clinical signs reversed after discontinu-
ation of MTX (21). Further similar
cases have since been reported (22-24).
The competitive inhibition of dihydro-
folate reductase, an enzyme that con-
verts dihydrofolate to tetrahydrofolate,
is crucial for DNA biosynthesis and
purine synthesis, and has been propos-
ed as a mechanism of MTX osteopathy.
In human bone-derived osteoblasts (25,
26) MTX showed a dose-dependent
inhibition of osteoblast proliferation.
This was confirmed in animal models:
MTX (at levels equivalent to the stan-
dard dose used in RA patients) given
weekly to rats for a 16-week period sig-
nificantly reduced bone mass by de-
creasing bone formation and increasing
bone resorption (27). 
A systemic effect in humans seems to
be unlikely since Bologna et al. (28)
found that concentrations of MTX in
synovial and bone samples from RA
patients approximately 24 hours after a
single 10 mg dose administered intra-
muscularly were 10-fold higher than
concomitant plasma values.
Twenty years after the first reports of
Ragab (21) and O’Regan (22), Preston
et al. described in 1993 two patients,
one with psoriasis and the other with
RA, who developed clinical features of
MTX osteopathy after long-term treat-
ment with low-dose MTX (29). Other
cases of non-oncologic patients with
stress fractures associated with MTX
have been subsequently reported and
the role of MTX as a causal agent has
been proposed. However, most of the
11 patients thus far described in the lit-
erature concurrently presented other
well-known risk factors for fractures
such as previous vertebral fractures and
low plasma levels of vitamin D3 (30),
long-term GC treatment and/or joint

deformities (27, 31-33). The same risk
factors were present in 8 of the 13 RA
patients described by Alonso-Bartolo-
mè et al. who developed stress frac-
tures following MTX therapy (34).
The actual role played by MTX in re-
ducing bone mass and thus predispos-
ing to fractures in rheumatic patients
remains controversial. In rats with ad-
juvant-induced arthritis, MTX main-
tains bone mass by preventing both a
decrease in bone formation and an in-
crease in bone resorption in a dose-dep-
endent manner (35). These data have
been confirmed by others in arthritic
animal models (36) and have also been
observed in RA patients. El Mediany et
al. (37) showed that a weekly dose of
MTX 10-15 mg significantly increased
bone alkaline phosphatase and reduced
deoxy-pyridinoline (DPYR), a marker
of bone resorption, after 9 months in 30
female RA patients. More recently, in a
prospective longitudinal study of 117
RA patients (90 F, 27 M) starting or
continuing long-term treatment with
MTX, no adverse effects on bone
turnover markers were seen after MTX
treatment (38). In this study, which rep-
resents the first histomorphometric
report on the effect of low-dose MTX,
the indices of bone formation in biop-
sies taken before and after MTX treat-
ment in 4 subjects were not negatively
influenced by the treatment.
In both animals and humans the effects
on bone markers were associated with a
significant improvement in inflamma-
tory signs and in disease activity. Thus,
MTX may exert a protective effect on
bone metabolism by controlling disease
activity. Confirmation of this hypothesis
seems to have been provided by densit-
ometric studies in RA patients. Buckley
et al. in 1997 (39) reported data on
bone mass density (BMD) measured by
dual emission X-ray absorptiometry
(DXA) from a prospective, random-
ised, placebo-controlled trial on the
effect of prednisone therapy in patients
receiving different DMARDs including
MTX. BMD was measured at the lum-
bar spine and femoral neck at baseline
and then annually for 3 years. Among
patients who did not receive predni-
sone, at the end of the study there were
no significant differences in BMD

between those treated with MTX and
those receiving other DMARDs. How-
ever, among patients on treatment with
prednisone ≥ 5 mg/ day, MTX therapy
was associated with bone losses at the
lumbar spine greater than those
observed in the patients receiving pred-
nisone plus other DMARDs. This seems
to suggest that MTX has a deleterious
effect on trabecular bone only in pred-
nisone-treated patients, by compound-
ing the inhibitory effects of prednisone
on bone formation. Another study (40)
failed to detected significant differ-
ences in BMD measured at the lumbar
spine and the femoral neck in 2 groups
of post-menopausal RA patients, 10 of
whom were treated with MTX for more
than 3 years and 10 of whom did not
receive MTX; however, the results
were not corrected for age, which was
significantly higher in patients not
receiving MTX. 
Our group reported the results of a 2-
year longitudinal study carried out on
62 female RA patients treated with MTX
(group A, n = 32) or other DMARDs
(group B, n = 30) (41) and maintained
on a low (≤7.5 mg of prednisone) con-
stant GC therapy. The primary outcome
of the study was a change in lumbar
BMD every 12 months during treat-
ment with MTX or other DMARDs.
After 2 years both groups showed a com-
parable, significant reduction in BMD.
When the patients were subdivided ac-
cording to the severity of the disease
those with more active disease had sig-
nificantly greater BMD loss than those
with less active disease, independently
of the DMARD given.
Minaur et al. suggested that disease ac-
tivity may act as a confounding factor
in the BMD loss seen after MTX treat-
ment. In a one-year prospective longi-
tudinal study (38), MTX treatment was
associated with lower BMD Z-scores,
which were significantly different at
the femoral neck then those observed
with other DMARDs. However, by
multivariate covariance analysis it was
shown that the observed reduced Z-
score levels were actually due to con-
founding factors such as disease sever-
ity and activity. The authors concluded
that low-dose MTX had no adverse ef-
fect on bone density in patients with



RA. A recent cross-sectional study (42)
which compared 30 patients treated
with MTX (10 mg/weekly for a mean
of 6 years) to 30 RA patients who had
never received MTX, detected no ad-
verse effect of MTX in spite of the con-
current higher daily dose of GCs in
these patients. 
The effect of low-dose MTX on BMD
was recently evaluated in a large multi-
center cross-sectional study involving
731 female patients with RA (43). The
patients were selected from a large
multicenter cross-sectional study on
the frequency of osteoporosis and the
main determinants of BMD in 925 fe-
male patients with RA (14). They were
subdivided in those who had never
taken MTX (n = 485) and those who
had been taking MTX for at least 6
months (n = 246). The frequency of
osteoporosis (defined as a T-score that
was ≤ -2.5) between the two groups
was 29.1% and 28.3% (p = NS) at the
lumbar spine and 34.8% and 37.8% (p
= NS) at the femoral neck, respectively.
Mean T-score values at the lumbar
spine and femoral neck were compara-
ble in the two groups even after adjust-
ing for age, menopausal status, BMI,
Health Assessment Questionnaire (HAQ)
score and GC use. The generalised lin-
ear model showed that age, menopause
status, BMI, HAQ score and GCs were
significant independent predictors of
BMD, whereas MTX use was not.
Moreover, the multivariate analysis
showed that only age, HAQ score and
BMI were significantly associated with
the risk of osteoporosis (43). 
We conclude that a large body of recent
data contradicts the hypothesis that
low-dose MTX negatively affects bone
density and bone turnover in RA pa-
tients. It appears more likely that MTX
can exert a protective effect on bone
mass and bone turnover by interfering
with both the production and activity of
some inflammatory cytokines, specifi-
cally IL1 and TNF-α (44, 45), which
are potent stimulators of osteoclastic
bone resorption (46, 47).
Some points, however, remain still un-
resolved. For example, it is conceiva-
ble that in patients with inactive RA the
potential osteopenic effect of MTX
may become visible since it is no

longer counterbalanced by its – much
more important – effect on disease ac-
tivity. The deleterious effect of MTX in
diseases in which there is no bone mass
involvement per se, such as polymyosi-
tis and polymyalgia rheumatica, might
be completely different. It also remains
to be clarified whether folinic acid sup-
plementation may prevent bone loss in
MTX-treated patients, since it has been
shown to prevent MTX-induced toxici-
ty in osteoblasts-like cells in vitro (48).
Lastly, could the higher dosages that
are being more and more widely used
(25-30 mg/week) have a more deleteri-
ous effect on bone mass?

Cyclosporin A
The discovery in the 1980s of the pow-
erful immunosuppressive actions of the
fungal cyclic peptide CyA has revolu-
tionized transplantation medicine. CyA
inhibits the activation of T lympho-
cytes and thus graft rejection, mainly
via transcriptional suppression of the
interleukin-2 gene (49, 50).
Soon after, CyA was also widely stud-
ied for the treatment of various immu-
nological and rheumatic diseases, but
generally in lower doses than those
used after organ transplantation. CyA
has proved to be effective in both ad-
vanced and early RA and it is now reg-
istered in most countries for the treat-
ment of the disease (51-54). At the
doses commonly used for the treatment
of RA the toxicity is considered man-
ageable, although some caution should
be exercised when administering it to
patients with renal impairment and hy-
pertension (55). In a number of studies
it has been suggested that radiological
progression is retarded by CyA in
comparison with placebo or other
DMARDs (56, 57). The combination of
MTX with CyA has been shown to of-
fer complementary efficacy, because
the two drugs have different mecha-
nisms of action and their toxicity pat-
terns do not overlap (58). 
A common and serious side effect of al-
logeneic organ transplantation is oste-
oporosis and related fractures and CyA
may contribute to this pathogenesis
(59). However, in most transplant reci-
pients CyA is co-administered with
other immunosuppressive drugs which

are known to adversely affect bone,
such as GCs (60), making it difficult to
address the question of the skeletal ef-
fects of CyA in clinical studies. Some
studies have indicated a deleterious
effect of CyA on bone mass (61-63),
whereas other clinical trials have sug-
gested that monotherapy with CyA
may not be associated with bone loss
(64-68). Moreover, a study in kidney
transplant patients reported that CyA
may actually counterbalance the ad-
verse effects of GCs on the skeleton
(69). Thus, the risk of osteoporosis in
transplantation as a result of treatment
with CyA remains controversial. 
CyA in rheumatic diseases is used at
doses that do not exceed 5 mg/kg/day
(51, 70) and at these doses it has not
been associated with significant con-
cerns about increased fractures. In a
number of studies CyA treatment was
actually associated with a reduction in
the radiological progression of RA (56,
71-72) without apparent bone-related
toxicity, although BMD was not mea-
sured in any of these studies. The only
study specifically addressing bone me-
tabolism in CyA was carried out by
Ferraccioli et al. (73) in patients with
early erosive, aggressive RA and a poor
previous response to treatment with
MTX. In these patients an average
BMD decline of 4% occurred during
the first 6 months of MTX treatment.
After adding CyA at a dose of 3 mg/kg
daily for 6 months, clinical variables
and acute phase reactants improved
significantly and BMD increased by
3.9%.
In murine models, CyA as well as other
calcineurin inhibitors (tacrolimus or
FK506), cause high turnover osteopor-
osis (59). CyA stimulates both osteo-
clast and osteoblast activity in vivo, but
resorption rates exceed formation rates,
with a net loss in bone mass (74, 75). A
major side effect of CyA therapy is
dose-related, acute and chronic nephro-
toxicity, often leading to secondary hy-
perparathyroidism, which may also ad-
versely affect skeletal health. Interest-
ingly, CyA-induced osteopenia is atten-
uated by parathyroidectomy (76). Ta-
crolimus (FK-506), a fungal macrolide,
also induces severe trabecular bone
loss in rats (59), although this bone loss
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may be less severe in humans com-
pared to that induced by CyA (77).
At present, the molecular and cellular
mechanisms for the skeletal effects of
CyA are still unknown. It has been
reported that CyA-induced bone loss
does not occur in T-lymphocyte-defi-
cient male nude rats (78), strongly sug-
gesting a role for T lymphocytes or
other immune cells in the pathogenesis
of CyA-induced osteopenia. 
It has been shown that CyA is anti-re-
sorptive and bone-sparing in aged fe-
male rats but increases bone resorption
and reduces bone mass in aged male
rats (79). However, even in male rats
CyA treatment, at clinically relevant
doses, increased bone resorption only
transiently and did not result in pro-
nounced long-term cancellous bone
loss. In this context, it is interesting to
note that the inhibitory effects of CyA
in whole blood lymphocyte prolifera-
tion assays show gender-related differ-
ences in rats and humans (80). Current-
ly, it is not known whether the skeletal
response to CyA may be different in
women and men. A prospective clinical
trial conducted over a period of 18
months in renal transplant recipients re-
ported an increase in lumbar spine BMD
in comparison to baseline values in re-
sponse to CyA monotherapy, which was
significantly greater in women com-
pared with men (66). 
It has been shown that CyA and FK-
506 can decrease osteoprotegerin (OPG)
mRNA by 65% and increase RANKL
(receptor activator of nuclear factor κB
ligand) mRNA levels by 120% in un-
differentiated marrow stromal cells
(81). These two actions are associated
in vivo with the increased recruitment
and activation of osteoclasts (82, 83).
OPG-deficient mice develop both oste-
oporosis and arterial calcification, In
the same study it was shown that CyA
suppresses OPG production in coro-
nary artery smooth muscle cells. Taken
together these findings suggest a poten-
tial mechanism for immunosuppres-
sant-induced bone loss, and the propen-
sity of CyA to cause vascular disease. 
In summary, CyA therapy has been
shown to increase bone turnover and
this effect is not associated with an
equivalent increase in the bone forma-

tion rate. The resulting uncoupling of
resorption over formation is likely to
be mediated by T cells and the RANK/
RANKL pathways and may cause bone
loss and, possibly, an increased risk of
fracture post-transplantation. However,
this potential deleterious effect of CyA
therapy is counterbalanced in the clini-
cal setting by its GC sparing effect and
by the suppression of the inflammatory
process, particularly in rheumatic dis-
eases, where the doses do not exceed 5
mg/kg/day. 

Leflunomide
Leflunomide inhibits de novo pyrimi-
dine biosynthesis by acting on dihydro-
orotate dehydrogenase (DHODH) (84-
85) and this is associated with the sup-
pression of proliferation and activation
of T cells (86). It has been introduced
as an immunosuppressive drug in
patients undergoing the transplantation
of allografts (87) and more recently for
the treatment of RA (84). In patients
with RA and in animal models of the
disease it was shown to prevent joint
bone erosions (88, 89). This action is,
at least in part, independent of T cells.
There is some evidence that lefluno-
mide acts directly on the osteoclast pre-
cursor cells of the monocyte/macro-
phage lineage (90, 91).
Thus, leflunomide has the potential to
prevent both focal and generalized bone
loss by directly inhibiting osteoclasto-
genesis and osteoclast function. At the
moment however, there is no signifi-
cant clinical data to support this posi-
tive effect of the drug. 

Anti-TNF-α agents
RA is characterised by the presence of
an inflammatory synovitis accompa-
nied by the destruction of joint carti-
lage and bone. Generalised osteoporo-
sis is also a well-known phenomenon
in RA, as demonstrated by decreased
BMD in several studies (92). The cause
of this generalized bone loss is multi-
factorial and still poorly understood,
but changes in circulating levels of cy-
tokines, e.g. IL1 and TNF-α, are defi-
nitely implicated. The overproduction
of these two cytokines is pivotal in the
pathogenesis of the joint inflammation
and damage (93).

Osteoclastic bone resorption has been
implicated in the pathogenesis of joint
erosions in RA (94). Osteoclasts form
from circulating monocytic precursors
in the presence of the key signal
RANKL (95). Expression of RANKL
has been demonstrated in rheumatoid
synovial T cells and fibroblasts (96,
97). However, as T cell expression of
RANKL occurs on activation in most
inflammatory settings, it is likely that
the osteoclast formation in RA is a con-
sequence of a highly osteoclastogenic
environment which involves interac-
tions between RANKL and other
(inflammatory) signals, and between
the monocytic precursors of the osteo-
clasts and other cell types. These
cytokines act indirectly by up-regulat-
ing the osteoblast expression of
RANKL (98). A direct effect of TNF-α
on osteoclast precursors has also been
suggested (99) but this effect is critical-
ly dependent upon IL1 (100) and the
synthesis of prostaglandin E2. Clinical
trials with TNF-α and IL1 inhibitors
(101-103) indicate that clinical improve-
ment and the halting of radiographic
progression occur earlier than with con-
ventional DMARDs. 
The generalized bone loss in RA, but
also in ankylosing spondylitis (AS), is
related to biochemical markers of bone
resorption on the one hand, and to
markers of disease activity such as the
erythrocyte sedimentation rate, serum
C reactive protein and TNF-α circulat-
ing levels, on the other (104). This cy-
tokine has been shown to mediate the
increase of bone resorption both in the
systemic osteoporosis related to oestro-
gen deficiency (105), and in periarticu-
lar or periprosthetic bone erosions. In a
model of transgenic mice expressing
soluble TNF receptor to neutralise TNF-
α, animals were protected from oestro-
gen deficiency-related bone loss (106).
TNF-α is also a powerful inhibitor of
bone formation (107).
Taken together, these findings predict
that the inhibition of TNF-α and IL1
might prevent both joint bone destruc-
tion and generalized bone loss. Unfor-
tunately, data on BMD during treat-
ment with anti-TNF-α agents in RA pa-
tients is scarce. A recent study docu-
mented a reduction in the urinary ex-
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cretion of pyridinoline (PYR) and
DPYR, both of which are markers of
bone resorption, during 9 months of
therapy with infliximab in 17 RA pa-
tients; the changes in bone resorption
markers mirrored the clinical variables
and acute phase reactants, which im-
proved significantly (108). Changes in
the markers of bone metabolism were
also evaluated in 22 RA patients treat-
ed with infliximab for 46 weeks; a sig-
nificant decrease in bone markers,
associated with a fall in the serum lev-
els of acute phase proteins, was seen at
weeks 30 and 46 (109).
Some recent uncontrolled longitudinal
studies have documented a positive
effect in spine and hip BMD as well as
in bone resorption markers in patients
with AS and related spondyloarthopa-
thies (SpAs) who were treated with in-
fliximab (110), etanercept (111) or both
(112).
This effect of anti-TNF-α treatment
has also been observed in patients with
Crohn’s disease, in whom therapy with
infliximab (5 mg/kg) caused a signifi-
cant increase in the markers of bone
formation (serum bone-specific alka-
line phosphatase and total osteocalcin),
but no significant change in the bone
resorption marker serum N-telopeptide
crosslinked type 1 (113). 
In summary, the effect of anti-TNF-α

treatment on bone metabolism has not
yet been thoroughly investigated. Pre-
liminary finding seem to predict a po-
tential beneficial effect linked to in-
creased bone formation.

Other biologic agents
No data are currently available regard-
ing the effect on BMD and bone metab-
olism of the newer anti-TNF-α (adali-
mumab, rituximab), anti-IL1 (anakin-
ra). 

Conclusions
Generalised osteoporosis associated
with an increased rate of fractures has
been widely documented in RA. The
pathogenesis of this process has been
linked to various disease- and non-dis-
ease-related factors, and highly effec-
tive DMARDs such as MTX and CyA
are considered to count among these
risk factors. Concern has been raised
among rheumatologists at the occur-
rence of osteoporosis and fractures in
animal models, in patients receiving
MTX for cancer or rheumatic condi-
tions, and in organ-transplant recipients
taking CyA. 
Table I summarizes the data presented
in this review on the effect on bone
mass of the DMARDs most commonly
used in RA. Regarding MTX, many
longitudinal and cross-sectional studies

carried out on RA patients failed to
document a negative effect on BMD, at
least at the low dosages commonly
used (10-20 mg/week). No sufficient
clinical data are available regarding the
effect on bone mass of CyA and the on-
ly study in RA documented an increase
of BMD after 6 months of treatment.
However, in vitro and animal studies
showing that CyA causes increased
bone turnover with uncoupling of re-
sorption over formation, as well as cli-
nical data indicating a possible role of
CyA in transplantation-related osteo-
porosis, suggest a dose-related effect,
which may nevertheless be insignifi-
cant at the low dosages (3-5 mg/Kg/
day) recommended for RA. There is
some in vitro data that leflunomide di-
rectly inhibits osteoclasts, but to date
there is no clinical evidence that this
agent may have a positive effect on
bone mass. Finally, the pivotal role of
cytokines, e.g. IL1 and TNF-α, in the
pathogenesis of systemic osteoporosis
as well as in the bone erosions of RA
suggests a possible beneficial effect on
bone mass of anti-TNF-α agents and
other biologic drugs. However, while
two studies have been published on pa-
tients with SpAs, at present clinical
data on BMD in RA are still lacking. 
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