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Methotrexate and bone mass

M. Mazzantini, O. Di Munno

ABSTRACT
In rheumatoid arthritis (RA), methotrex-
ate (MTX) is probably the most frequent-
ly used disease-modifying antirheumatic
drug. It is also prescribed for other rheu-
matic and non-rheumatic diseases, such
as juvenile RA, psoriatic arthritis, poly-
myositis, polymyalgia rheumatica, Hor-
ton’s arteritis, inflammatory bowel dis-
ease, etc. MTX has been reported to have
negative effects on bone: the term "MTX
osteopathy" was first used to refer to a
clinical syndrome characterized by stress
fractures of the lower extremities, diffuse
bone pain, and osteoporosis in children
who had been placed on long-term main-
tenance therapy with low-dose MTX for
acute lymphoblastic leukemia. Sporadic
reports of similar cases among patients
taking low-dose MTX for rheumatic dis-
eases, primarily RA, have appeared more
recently. Furthermore, in vitro studies
have suggested that MTX may exert toxic
effects on osteoblasts.
These findings have raised concern
about the long-term effects of MTX on
bone. However, densitometric studies in
RA patients have so far failed to detect
decreased bone mass in patients on MTX
treatment.

Introduction
Methotrexate (MTX), a folic acid ana-
logue, is the chemotherapeutic agent
used most frequently in the treatment of
childhood lymphoblastic leukemia, both
for the maintenance of systemic remis-
sion and for the treatment of central nerv-
ous system involvement, and has been
shown to be effective in other malignan-
cies, such as choriocarcinoma and osteo-
genic sarcoma. The principal mechanism
of its antiproliferative action is the com-
petitive inhibition of dihydrofolate re-
ductase, an enzyme that converts dihy-
drofolate to tetrahydrofolate. Impedance
of this reaction interferes with purine
synthesis and DNA biosynthesis. The
toxicity of MTX to cells is related to both
the dose and the duration of exposure.
MTX is taken into cells and undergoes
polyglutamation, and in this form re-

mains a potent inhibitor of folic acid (1).
MTX has been used for more than a dec-
ade for the treatment of rheumatoid ar-
thritis (RA) and its efficacy has been
proven in controlled clinical trials (2, 3).
Many rheumatologists choose MTX as
a therapy for RA for its predictable ben-
efit and long-term tolerability: among the
disease-modifying antirheumatic drugs
(DMARDs) MTX exhibits the most fa-
vorable efficacy-to-side effect ratio (4).
However, the mechanism of action of
MTX in RA and other inflammatory con-
ditions (psoriatic arthritis, polymyositis,
juvenile RA, polymyalgia rheumatica) is
still not completely understood and only
partially imputable to an antiproliferative
effect.
Low-dose MTX has only moderate im-
munomodulatory effects (5). On the
other hand, MTX inhibits adjuvant-in-
duced arthritis in animal models and sup-
presses the passive transfer of adjuvant
arthritis by spleen cells (6, 7). MTX in-
hibits neutrophil chemotaxis in RA pa-
tients (8) and is able to attenuate the ad-
hesive interactions between leukocytes
and endothelial cells in post-capillary
venules during acute inflammation (9),
a phenomenon linked to the capacity of
MTX to induce adenosine accumulation
in fibroblasts by interfering with the
aminoimidazole carboxamide ribonucle-
otide enzyme system, which plays a key
role in purine metabolism (10). In fact,
adenosine strongly inhibits neutrophil
adherence to endothelial cells (11). Fur-
thermore, it has been shown that adeno-
sine inhibits tumor necrosis factor α
(TNFα) expression in a monocytic cell
line (12), and that monocytes release ade-
nosine after treatment with MTX (13).
It is known that interleukin-1 (IL-1) and
TNFα play an essential role in the patho-
physiology of acute inflammation in RA,
and are mediators of cartilage and bone
destruction. They also enhance osteo-
clastic bone resorption. It has been re-
ported that MTX treatment in RA de-
creases blood mononuclear cell produc-
tion of the inflammatory cytokines IL-
1β and IL-8 and, in parallel, stimulates
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the release of natural cytokine inhibitors
such as IL-1 receptor antagonist (IL-1ra)
and soluble TNF receptors (sTNFr) (14).
In vitro studies find MTX markedly sti-
mulated the differentiation of the human
monoblastic leukemia cell line U937,
which was associated with enhanced IL-
1ra and sTNFr release (15). This find-
ing could explain the clinical anti-inflam-
matory effects of MTX in RA.

"MTX osteopathy" in malignancies
A syndrome characterized by bone pain
and fractures mainly at the lower ex-
tremities with osteoporosis and radio-
logical signs resembling scurvy has been
named "MTX osteopathy", although its
causal relationship with MTX is still de-
bated.
Adverse skeletal manifestations associ-
ated with MTX were described initially
in some children who received low-dose,
long-term oral maintenance therapy for
the treatment of acute leukemia at doses
of 5-30 mg/m2 daily or bi-weekly over a
6 month to 3 year period. Ragab et al. in
1970 (16) described 5 children out of 11
who developed severe osteoporosis and
fractures of the lower extremities. Frac-
tures were multiple in 3 of the 5 patients,
and included the distal fibula and the
bones of the foot. Severe diffuse bone
pain was present in 4 patients. Besides
fractures, radiographic features included
multiple growth arrest lines and changes
simulating scurvy, such as a ring epiphy-
sis, corner sign, and the "white line of
scurvy". Following the withdrawal of
MTX, symptoms subsided within 3 to 4
weeks and radiographs returned to nor-
mal within four months in 4 of the chil-
dren.
O’Regan et al. in 1973 (17) described 5
more children with identical radiograph-
ic features, and osteoporosis again was
limited to the lower extremities. Stani-
savlje et al. in 1977 (18) studied 37 chil-
dren, 20 of whom had osteopenia and
bone pain in the lower extremities. Seven
patients sustained multiple fractures and
3 had delayed union or even non-union
of the distal radius. Two of the fractures
healed only after the withdrawal of MTX.
Schwartz et al. in 1984 (19) described
two children, in remission from acute
leukemia and Burkitt’s lymphoma, who
had femoral and tibial fractures.

The prevalence of toxic effects to the
skeleton in children receiving MTX for
leukemia is not known, but the largest
series identified 26 out of 219 children
with combinations of bone pain, osteo-
penia and fractures (20). Fifteen children
had fractures: 3 in the upper extremities,
10 in the lower extremities, and 2 in the
spine. The osteoporosis was generalized
in 2 and confined to the lower extremi-
ties in 2. When reviewing associated or-
gan disease, it was noted that these pa-
tients had a high incidence of previous
multi-system toxicity related to MTX
therapy. Eleven had evidence of mild or
severe liver disease, 21 had one or more
episodes of idiopathic pneumonia, and
2 had renal lithiasis. In several of these
cases abnormalities in calcium metabo-
lism were documented, as well as the in-
creased excretion of urinary calcium.
Ecklund et al. in 1997 (21) investigated
retrospectively the occurrence of MTX
osteopathy in a study population of 87
patients (mean age 12 years) who were
treated with high dose (> 5g/m2 per cy-
cle), short-term intravenous MTX for os-
teosarcoma. No patient received steroids.
Eight patients exhibited skeletal findings
similar to those described in children with
leukemia who received low-dose, long-
term maintenance MTX. X-rays show-
ed severe osteopenia, dense zones of pro-
visional calcification, multiple bone in-
volvement, and insufficiency fractures
(mostly metaphyseal) at the distal tibia,
distal radius, proxymal humerus, calca-
neus and pubic ramus. Discontinuation
of MTX resulted in a radiographically
demonstrated improvement.
The pathogenesis of MTX osteopathy is
unclear, but it could be related to the anti-
proliferative effect of MTX. Depression
of osteoblast activity leading to disorgan-
ization at the site of endochondral bone
growth, as in scurvy, has been proposed
as a mechanism. Children on long-term
MTX have been reported to have nor-
mal growth (22). A densitometric study
on 95 survivors of childhood acute lym-
phoblastic leukemia with a median dur-
ation of remission of 11 years showed
that the whole-body bone mineral con-
tent (BMC) and areal bone mineral den-
sity (BMD), assessed by dual-energy x-
ray absorptiometry (DEXA), were both
significantly reduced with respect to con-

trols (23). A subgroup of 33 patients aged
19 years or older at follow-up had the
lowest BMC and areal BMD values; in
these patients the mean height for age,
bone area for height and BMC for bone
area were all significantly reduced, which
indicated that they had both reduced
bone size and a reduced size-adjusted
bone mass. With the exclusion of cra-
nial irradiation and bone size, no signifi-
cant relationships were found between
bone parameters and potential causal
factors of reduced bone mass, including
MTX. Most likely the reductions in bone
mineral content and density are related
to the severe disease that occurred at the
time of bone growth

"MTX osteopathy" in rheumatic
diseases
Preston et al. in 1993 (24) described two
patients, one with psoriasis and the other
with RA, who received long-term, low-
dose MTX (25 mg/wk and 10 mg/wk,
respectively) and who developed fea-
tures consistent with MTX osteopathy:
bone pain, radiological findings of oste-
oporosis, and stress fractures localized
to the tibiae distally. Iliac crest bone his-
tomorphometry showed in both patients
reduced osteoid surfaces and osteoid
thickness and low bone formation rates,
which was in accordance with the results
of a study in which the short-term ad-
ministration of MTX in rats caused a
60% reduction in bone formation rates,
the effect on osteoblasts taking the form
of reduced osteoid volume and thickness
(25). In both patients, when MTX was
stopped the symptoms resolved, and
rechallenge with MTX in the RA patient
resulted in the recurrence of the clinical
syndrome.
Eleven additional cases of patients with
stress fractures associated with MTX use
can be found in the literature: 7 with RA,
1 with psoriatic arthritis, 2 with psoria-
sis, and 1 with scleroderma (26-33). The
role of MTX as a causal agent has been
postulated given the similarity of its ef-
fects to the clinical syndrome of MTX
osteopathy described in children: osteo-
penia, preferential loss of cortical bone,
and stress fractures at the lower limbs
typically presenting as sudden, severe
pain aggravated by weightbearing. How-
ever, since the great majority of the pa-
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tients who sustained stress fractures had
other well-recognized risk factors for
fractures, attributing a causal role to
MTX is difficult.
For example, the RA patient described
by Zonneveld et al. (32) had previous
lumbar osteoporotic fractures, low vita-
min D3 plasma levels, and a low func-
tional status. The history of one of the
two RA patients described by Meanaut
et al. (31) included glucocorticoid treat-
ment and a left malleolar, low-trauma
fracture, while the history of the other
included surgery for a left knee joint de-
formity and rupture of a right Baker cyst
just before the occurrence of the tibial
stress fracture. The patient presented by
Bologna et al. (30) had very low vita-
min D3 levels and was on glucocorti-
coids. Semba et al. (27), Straaton et al.
(28) and Shapira et al. (29) reported stress
fractures in patients who were on gluco-
corticoid treatment, had lower limb de-
formities due to RA, and who had under-
gone knee arthroplasty/arthrodesis prior
to the stress fractures.
Orthopedic deformities (such as valgisa-
tion of the knee and planovalgus of the
foot) and reconstructive surgery can pre-
dispose to stress fractures, mainly in the
tibia and fibula (34-36); this was recog-
nized even before the introduction of
MTX therapy. Alonso-Bartolomé et al.
(37) described 13 RA patients with in-
sufficiency fractures of the tibia and
fibula. Eight of them had received MTX
therapy. However, 8 of the 13 patients
had previous local deformities of the ip-
silateral lower limb, generally close to
the knee or ankle (valgus subtalar joints,
stiff ankles, or valgus deformities of the
knee), and one patient also had previous
recent surgery in the affected ankle. Fur-
thermore, almost 60% had previous oste-
oporotic fractures at other sites, and 70%
had been on long-term steroid treatment.
Thus, in these patients MTX is likely to
have played a minor role, if any. It is also
to be noted that most of the patients de-
scribed experienced a complete recov-
ery without withdrawal of MTX thera-
py.
On the other hand, low-dose MTX has
been reported to inhibit fracture healing
in an animal model (38), and to have re-
sulted in bone non-union in 2 male RA
patients after metatarsal and tibial oste-

otomy (39). In this latter report prompt
healing of the bone occurred after MTX
was stopped. However, the hypothesis
that MTX may prevent fracture healing
by inhibiting osteoblast proliferation and
function is not supported by the finding
that high-dose MTX, at serum concen-
trations similar to those used clinically
for the treatment of human osteosarco-
mas, did not show any negative effect
on distraction osteogenesis in a rabbit
model (40).
There is evidence that even low-dose
MTX reaches high concentrations in the
bone and synovial membrane in RA pa-
tients. Bologna et al. (41) examined sy-
novial samples and bone fragments col-
lected during surgery approximately 20
hours after an intra-muscular dose of 10
mg in RA patients, and found that the
synovial concentration of MTX was 10.5-
fold higher than the simultaneous plasma
concentration; and that cortical and tra-
becular bone concentrations also were
13-fold and 11.5-fold higher, respec-
tively.
MTX, given to rats on a weekly basis
for 16 weeks at a dose equivalent to a
standard dose for RA in humans, resulted
in a significant reduction of bone mass
by decreasing bone formation (assessed
by serum alkaline phosphatase and oste-
ocalcin levels and histomorphometry)
and increasing bone resorption (assessed
by urinary hydroxyproline levels and his-
tomorphometry) (42). On mouse bone
cells in culture exposed continuously to
different concentrations of MTX, dimin-
ished osteoblastic cell function occurred
(assessed by matrix calcification and su-
pernatant osteocalcin levels) in a dose-
dependent manner, without any effect on
cell proliferation (43).
In contrast, on human osteoblasts in cul-
ture exposed continuously to MTX a
strong dose-dependent inhibition of cell
proliferation was observed, with no ef-
fect on markers of osteoblasts function
such as alkaline phosphatase activity or
osteocalcin production (44, 45). How-
ever, the effect in vivo may not reflect
these in vitro results; in clinical practice
MTX administration is not continuous,
instead taking the form of sharp, weekly
peaks. A dose-dependent toxic effect of
MTX on UMR 106 rat osteosarcoma
cells was observed after exposure to the

concentrations found in patients with RA
but, once again, the experiment involved
continuous exposure (46). No significant
inhibition of alkaline phosphatase activ-
ity was seen at any MTX concentration.
Interestingly, the effect of MTX on cell
viability was prevented by the addition
of folinic acid at the time of the addition
of MTX and then 4 hours later, which
suggests that the mechanism of MTX
toxicity in UMR 106 cells involves the
inhibition of folic acid metabolism; this
may be the case for human osteoblasts
as well.
In rats with adjuvant-induced arthritis the
daily administration of MTX alleviated
inflammatory edema without hampering
normal bone growth as measured by the
lumbar and femoral BMD values. While
serum osteocalcin levels were decreased
and urinary deoxypyridinoline levels were
increased in the arthritic control rats, in
those treated with MTX these bone
markers remained at the levels of nor-
mal rats. Decreases in the mineral appo-
sition and bone formation rates and in-
creases in the trabecular osteoclast num-
ber and surface were prevented by MTX
(47).
In summary, MTX seems to maintain
bone mass by preventing a decrease in
bone formation and an increase in bone
resorption in the adjuvant arthritic rats:
the effects of MTX on bone turnover in
arthritic rats are suggested to differ great-
ly from those in normal rats. This has been
confirmed by others (48). Low-dose
weekly MTX therapy in rats with ad-
juvant-induced arthritis restored the de-
creased osteogenic activity of bone mar-
row cells and reduced their increased
bone resorptive activity. These changes
resulted in a significant increase in femo-
ral BMD.
Similar results have been observed for
the markers of bone metabolism in hu-
mans. Thirty female patients with active
RA were given MTX at a weekly dose
of 10-15 mg. Deoxypyridinoline and bone
alkaline phosphatase levels were assess-
ed at baseline and after 3 and 9 months
of MTX treatment: at 9 months deoxy-
pyridinoline was significantly reduced
and bone alkaline phosphatase was in-
creased compared with pre-MTX levels.
These changes were accompanied by a
significant improvement in RA activity
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(49). Thus, MTX in RA patients may
have a protective effect on bone by con-
trolling disease activity.

Densitometric studies in RA
patients
Katz et al. in 1989 (50) measured BMD
using dual photon absorptiometry in 10
female patients with RA who had re-
ceived a mean cumulative MTX dose of
625 mg, and in 19 matched controls. No
significant differences were detected be-
tween the groups in lumbar spine, femor-
al neck, inter-trochanteric or Ward's tri-
angle BMD values.
Buckley et al. in 1997 (51) reported on
BMD changes (measured by DEXA) in
both male and female RA patients treated
with MTX (n = 68) (mean cumulative
dose 1375 mg) or with another DMARD
(n = 27) after a follow-up of 3 years. The
change in BMD, adjusted for age, sex,
Health Assessment Questionnaire results
and prednisone use, was similar in MTX
and non-MTX treated patients, with a
difference of -2.0% (p = 0.359) in the
lumbar spine and of +0.85% (p = 0.58)
in the femoral neck. However, patients
treated with prednisone ≥ 5 mg/day plus
MTX showed an 8.08% greater loss of
BMD in the lumbar spine than patients
treated with a similar dose of prednisone
without MTX (p = 0.004), which suggests
that MTX may increase trabecular bone
loss in glucocorticoid-treated patients by
augmenting their inhibitory effect on os-
teoblast function. This study has some
limitations, however: estrogen replace-
ment therapy was used concurrently in
about 25% of the patients, and calcium
and vitamin D supplementation in about
50%. Furthermore, information about the
timing of glucocorticoid and MTX ad-
ministration and disease activity during
follow-up was lacking. Nonetheless, the
results seem to exclude any effect of
MTX at the femoral site.
With regard to the suggested additive
effect of MTX and glucocorticoids on
vertebral BMD, it is to be noted that in
12 polymyalgia rheumatica patients treat-
ed with prednisone (mean cumulative
dose after 1 year 1.84 g) and MTX 10
mg weekly, vertebral BMD, as assessed
by DEXA, did not change after 1 year
versus baseline values: 0.75 g/cm2 ver-
sus 0.76 g/cm2 (p = NS) (52). On the

contrary, significant bone loss occurred
in 12 patients treated with prednisone
alone (mean cumulative dose 3.2 g): 0.78
g/cm2 versus 0.82 g/cm2 (p = 0.002).
Carbone et al. in 1999 (53) compared
lumbar spine and femoral neck BMD,
assessed by DEXA, in 2 groups of post-
menopausal RA patients, one being treat-
ed with MTX (n = 10; treatment dura-
tion > 3 years) and one which was not (n
= 10). No significant differences were
detected, but the results were not cor-
rected for age, which was significantly
higher in those not receiving MTX.
Mazzantini et al. (54) recently reported
the results of a 2-year, longitudinal study
aimed at evaluating lumbar BMD chan-
ges assessed by DEXA in female RA pa-
tients who had recently started DMARD
therapy. Exclusion criteria included any
disease or drug that could affect bone
turnover. Glucocorticoids were allowed
if started more than 12 months prior to
the study entry, at a dose not exceeding
7.5 mg prednisone or the equivalent. The
characteristics and baseline clinical data
for the two treatment groups are given
in Table I. After two years, 22 patients
treated with MTX (mean cumulative
dose 1209 mg) and 18 patients treated
with another DMARD had lost a com-
parable amount of bone, the difference
being -0.9% (p = NS) (Fig. 1). No corre-
lation was found between the cumula-

tive dose of MTX and the changes in
BMD after 2 years (r = -0.14, p = NS).
This study sought to minimise the pres-
ence of other known factors that could
interfere with bone metabolism. In par-
ticular, patients taking glucocorticoids at
baseline had to continue their treatment
during the entire study period at a dose
range equivalent to 5.0 - 7.5 mg predni-
sone, and those starting or stopping glu-
cocorticoids were excluded from the
densitometric analysis as significant
changes in BMD could have occurred.

Conclusions
Although MTX has shown significant
effects in animal models and in osteob-
last and osteoblast-like cell cultures,
present data does not support the hypoth-
esis that low-dose MTX negatively af-
fects bone mass in RA. This is probably
due to the capacity of MTX to suppress
factors that in RA are involved in both
inflammation and bone resorption, as
discussed in the introduction to this arti-
cle. Some questions, however, still need
to be answered before we can defini-
tively assume that MTX is safe for the
skeleton. First, what is the effect of MTX
on bone in patients with inactive RA,
where no compensatory action of MTX
on disease activity is taking place ? Sec-
ond, what is the effect of MTX in dis-
eases not affecting bone mass per se,

Table I. Characteristics and baseline clinical data for 2 groups of RA patients, one treated
with methotrexate (MTX) and one with other DMARDs (ref. 54).

MTX Other DMARDs P
(n = 22) (n = 18)

Age (years) 59 ± 9 57 ± 12 NS

BMI 23.2 ± 1.8 23.8 ± 1.8 NS

N° in menopause 17 14 NS

Years of menopause 13 ± 7 11 ± 8 NS

Disease duration 9 ± 9 9 ± 10 NS

N° taking GC 18 15 NS

Years of GC 3.3 ± 1.6 3.0 ± 2.2 NS

RF+ 16 15 NS

Ritchie index 11 ± 4 11 ± 4 NS

N° swollen joints 10 ± 5 12 ± 4 NS

ESR (mm/h) 44 ± 19 41 ± 20 NS

CRP (mg/dl) 2.7 ± 2.1 2.6 ± 2.3 NS

N° with active disease 18 14 NS

Lumbar BMD (g/cm2) 0.98 ± 0.13 1.05 ± 0.16 NS

T-score -1.7 ± 1.1 -1.5 ± 1.5 NS



S-91

Hypothalamus-pituitary-adrenocortical and -gonadal axis in RA / M. Cutolo EDITORIALMethotrexate and bone mass / M. Mazzantini & O. Di Munno

such as polymyositis and polymyalgia
rheumatica  ? Third, could folinic acid
supplements help to prevent bone loss in
MTX-treated patients, since it has been
shown to prevent MTX-induced toxic-
ity in osteoblats-like cells in vitro (46) ?
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