The Effect of Low Dose Methotrexate on Bone Density
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ABSTRACT. Objective. High dose methotrexate (MTX) has been linked with bone loss in oncology patients.
However, it is unclear whether longterm low dose MTX used in the treatment of inflammatory
arthritis is associated with bone loss. We compared the effect of low dose MTX on bone density in
prospectively recruited patients with rheumatoid arthritis (RA) and psoriasis/psoriatic arthritis
(Ps/PsA).

Methods. Thirty RA patients and 30 Ps/PsA patients taking MTX were compared to controls not
taking MTX (30 with RA, 27 Ps/PsA). Bone mineral density (BMD) of the radius, lumbar spine,
trochanter, and femoral neck was measured using Lunar dual energy x-ray absorptiometry. Student
t tests were used to detect differences in bone density (using Z scores) of the MTX group versus
controls for both the RA and Ps/PsA groups. Analysis of covariance was used to examine for
confounders including disease duration, disease activity, age, and sex.

Results. BMD of the radius/femoral neck/trochanter did not differ significantly between the MTX
treated groups and controls when analyzed by Z scores. The mean difference between the MTX
group and controls of the femoral neck was 0.040 (95% CI —0.40, 0.12) and 0.060 (95% CI -0.30,
0.15) for the RA and Ps/PsA groups, respectively. The absolute BMD of the lumbar spine (L2-L4)
was higher in the RA MTX group than in controls. Analysis of covariance did not reveal an effect of
study group on bone density.

Conclusion. This study suggests that low dose MTX does not have a negative effect on bone density,
at either cortical or trabecular sites. (J Rheumatol 2001;28:2395-9)

Key Indexing Terms:

METHOTREXATE OSTEOPOROSIS ARTHRITIS BONE DENSITY

Methotrexate (MTX) is a folate antagonist commonly used
for the treatment of malignancy and, more recently, in low
doses to control inflammatory arthritis and psoriasis.
Animal studies have revealed that MTX decreases
osteoblast activity, but not the production of osteoblasts'.
Scheven, et al have shown that MTX is a potent inhibitor of
osteoblast proliferation but does not alter biochemical
markers®. In another animal study, Suzuki, et al found that
in rats with adjuvant induced arthritis, MTX at a dose of 3
mg/kg restored osteogenic activity to normal, resulting in an
increase in periarticular bone mineral density (BMD) and
suppression of arthritis?.
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At high doses, MTX used for treatment of childhood
leukemia and breast cancer has been shown to cause
osteopathy characterized by osteopenia and associated stress
fractures of the lower tibia/fibula*®.

Our review of the literature on the effect of low dose
MTX on the human skeleton revealed few case reports
and cross sectional studies’!°, In postmenopausal women
with either rheumatoid arthritis (RA) or psoriatic arthritis
(PsA), increased stress fractures were seen in association
with a loss of cortical bone density. One cross sectional
study suggested that MTX may diminish cortical bone
mass!!, while other similar studies failed to show a reduc-
tion in cortical or trabecular bone mass in comparison to
controls'?1>. Three prospective studies failed to show any
loss of bone density with low dose MTX!6-13, A limitation
of all these studies is that there are many confounding
variables including age, sex, disease duration, and disease
activity that can directly affect bone health. RA is known
to be associated with periarticular and generalized bone
loss!'®2°, and frequent use of corticosteroids in the
management of arthritis is associated with bone loss in the
trabecular region. With the increasing use of MTX in
rheumatology, gastroenterology, and dermatology, there is
a need to ascertain its effect on bone, especially in patients
with RA who are already at increased risk for osteo-
porosis.

Our primary objective was to determine the effect of low
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dose MTX by comparing BMD in patients taking MTX to
disease controls not treated with MTX.

Our a priori hypothesis was that MTX induces
osteopenia in patients with RA or psoriasis/psoriatic arthritis
(Ps/PsA).

MATERIALS AND METHODS

A prospective survey consisting of 4 groups was conducted 1997-99 at
Ottawa Hospital. The weekly dose of MTX ranged from 7.5 to 20 mg per
week. Our goal was to recruit 30 patients to each of the 4 groups: (1) RA
patients treated with low dose MTX, (2) RA patients never treated with low
dose MTX, (3) Ps/PsA patients taking low dose MTX, and (4) Ps/PsA
patients never treated with MTX. Patients who had been taking osteo-
porosis medication, other than calcium or vitamin D, or who had a history
of myeloma or hyperparathyroidism were excluded. Patients taking steroids
at a dose > 10 mg prednisone daily were excluded.

BMD of the lumbar spine (L2-L4), femoral neck, trochanter, and distal
and proximal radius was measured using Lunar DXA. Femoral neck and
proximal radius BMD were used to evaluate the effect on cortical bone.
Biochemical variables evaluated included serum bone-specific alkaline
phosphatase (BSAP), calcium, 25-hydroxyvitamin D,, and parathyroid
hormone (PTH).

Disease activity was assessed by the 28 joint count?!, and for the psori-
asis patients the Psoriasis Area Severity Index (PASI) score was used??. We
evaluated function using the Health Assessment Questionnaire (HAQ).
Current dose of corticosteroid was expressed as an equivalent dose of pred-
nisone.

The sample size was based on detecting an absolute difference in BMD
of 0.138 g/cm?. This difference was based on a study comparing MTX and
no MTX in patients with primary biliary cirrhosis''; using an alpha of 0.05
and power of 80%, a sample size of 30 per group was determined.

Bone-specific alkaline phosphatase was measured using Hybritech’s
Tandem-R Ostase, 25-OH vitamin D, using Diasorin’s 25-Hydroxyvitamin
D 'I radioimmunoassay, PTH using Diasorin’s Intact PTH immunoradio-
metric assay, and serum calcium with Roche Diagnostics Roche/Hitachi
917 using the manufacturer’s reagents.

Student t tests and 95% confidence intervals (CI) were used to assess
differences between the MTX group and controls for both RA and Ps/PsA
groups. Since matching patients for age and sex was difficult, we controlled
for age and sex in the analysis. Analysis of covariance was used to examine
various confounders including disease duration, age and sex. Further,
multiple linear regression analysis was performed to estimate the effect of
cumulative MTX on BMD (using Z scores) after adjustment for age, sex,
and disease duration.

RESULTS

We recruited a total of 120 patients. One patient was
excluded based on results that were consistent with hyper-
parathyroidism and 2 patients were excluded because they
did not complete the bone density testing.

Tables 1 and 2 outline the demographic baseline charac-
teristics of each of the 4 study groups. The groups were
comparable in terms of disease related characteristics. There
were differences in sex distribution and percentage post-
menopausal, and we controlled for this in the analysis. All
patients but one were Caucasian.

The mean disease duration was longer in the RA control
patients, although this difference was not clinically signifi-
cant. Disease duration was similar in the psoriasis MTX
group and psoriasis controls. The mean weekly MTX dose

was 10.1 mg in the RA group and 12.4 mg in the Ps/PsA
group. The cumulative dose of MTX was higher in the
Ps/PsA group than in the RA group (3571 vs 2810 mg). As
shown in Tables 1 and 2, the duration of MTX use was
similar for MTX RA and Ps/PsA patients (6.11 and 6.65 yrs,
respectively).

There was no significant difference for absolute femoral
neck BMD between MTX treated RA and RA controls
(mean difference 0.040, 95% CI -0.40, 0.12) or between
the 2 psoriasis groups (mean difference 0.060, 95% CI
—0.30, 0.15). Similarly, there was no significant difference
between MTX treated patients and controls at the femoral
neck, trochanter, or radius for either PsA or RA groups
(Tables 1 and 2). At the lumbar spine, the MTX treated RA
patients did show a significantly higher BMD than controls,
with a mean difference of 0.101 (p = 0.029). However, this
was not seen with the Ps/PsA group. We also analyzed
differences in Z scores between the groups for each bone
density site, and found no significant difference between
respective groups.

Due to the difference in menopausal status between RA
MTX treated and RA controls, we stratified by menopausal
status and carried out the Wilcoxon sign-rank test because of
small numbers. Using this nonparametric test, a significant
difference was found in Z scores of the femoral neck
between the 2 RA groups when evaluating subjects who
were postmenopausal (p = 0.024), with the women experi-
encing significantly higher BMD in the MTX group. There
was no difference for women who were premenopausal. For
the 2 psoriasis groups (MTX versus controls) there was a
difference in the percentage of subjects undergoing hormone
replacement therapy (HRT) and the percentage of women.
When analyzed by Wilcoxon sign-rank test and stratifying
according to HRT use or sex, there was no significant differ-
ence in bone density between MTX treated patients and
controls.

No serum biochemical marker of calcium or bone metab-
olism showed a significant difference between the MTX
treated and control groups. Serum BSAP, serum calcium,
25-hydroxyvitamin D,, and intact PTH were not different
between treatment and control groups.

Analysis of covariance was conducted using the covari-
ates age, sex, disease activity, and disease duration; only age
and sex revealed a significant relationship with BMD.
Together, age and sex of these factors explained between
31% of variability of proximal forearm BMD in the RA
group and 56% of variability in the psoriasis group. We
adjusted for disease activity, duration, age, sex, and function
using the HAQ. Age, sex, and the HAQ score were signifi-
cant predictors of BMD.

The amount of variability in BMD of the femoral neck
and trochanter (using Z scores) explained by cumulative
MTX dose was 6% and 11%, respectively, using multiple
regression analysis.
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Table 1. Characteristics of RA patients.

Variable RA Control (n = 30), RA Taking MTX (n = 30),
Mean SD Mean SD

Age, yrs 58.40 9.22 55.93 19.93
Duration of disease, yrs 17.30 12.07 13.93 8.42
Body mass index, kg/m? 27.85 5.05 27.11 5.76
Current steroid (prednisone) dose, mg 5.15 4.07 (n=10) 8.46 9.61 (n=14)
Cumulative prednisone use, mean, mg 1264 3451
% Currently on calcium (% vitamin D) 37 (20) 30 (16)

Mean dietary calcium intake, mg 459.83 553.1
% Female 67.0 77.0

% Postmenopausal females 90.0 60.0

% Females on HRT 35.0 31.8
Years postmenopausal 11.07 9.83 15.1 11.42
Cumulative MTX, mg (range) NA 2810 (540-8060)
MTX duration, yrs (weekly dose, mg) 0 6.11 (10.08) 71

% on folic acid
Activity level, %

Sedentary 20 10

Mild 47 46

Moderate 30 36

Athletic 3 7
28 Tender joint count 6.67 5.97 6.53 4.34
ESR, mm/h 26.0 25.42 20.17 19.67
HAQ score 1.01 0.79 1.07 0.70
BMD proximal radius, g/cm? 0.63 0.14 0.65 0.11

Mean Z score -0.90 1.41 -0.36 1.33
BMD trochanter, g/cm? 0.76 0.20 0.80 0.14

Mean Z score -0.30 1.53 0.07 1.36
BMD spine L2-L4, g/cm? 1.08 0.18 1.18 0.17 p<0.02

Mean Z score -0.12 1.39 0.47 1.64
BMD femoral neck, g/cm? 0.86 0.15 0.90 0.14

Mean Z score -0.29 1.01 0.04 1.13
Bone-specific ALP, ug/l 11.67 4.75 12.07 5.35
Serum PTH, pmol/l 3.30 1.19 3.83 2.16
Serum testosterone, nmol/l 13.08 1.86 15.43 3.62
25 Hydroxy-vitamin D,, nmol/l 62.83 23.03 65.23 24.73

DISCUSSION

This study suggests that MTX given in a continuous low
dose has no negative impact on cortical or trabecular bone
density. Our study agrees with recent findings that MTX
does not have a deleterious effect on axial bone
mass!21316-18 Tt is possible that MTX has a positive effect
on bone through its effect on disease activity. El Miedany, et
al evaluated the effect of low dose MTX on bone in patients
with RA?%. After 3 months of MTX, there was a significant
decrease in bone resorption markers and an increase in bone
formation markers, suggesting that low dose MTX may
exert a protective effect on bone due to suppression of
disease activity. MTX decreases production of the cytokine
interleukin 1, which stimulates bone resorption*.

Folinic acid supplementation has been shown to prevent
MTX induced toxicity in osteoblast-like cells, and it may
also act to prevent osteopenia in patients taking MTX?.

Our study design has limitations, since it was not
conducted in a longitudinal fashion. We assessed bone

density and biochemical markers at only one time point. In
addition, many of the subjects were postmenopausal
women, which would limit the generalizability of our
results. BMD is a surrogate outcome measure and we were
not able to follow patients taking MTX over time to see if
they developed more stress fractures than controls.

The bone density of the radius in patients with arthritis
may be affected due to local inflammation at the wrist,
resulting in periarticular osteopenia. However, we did not
find significantly lower bone density of the trochanter or
femoral neck regions in patients taking MTX.

Another potential limitation is that the majority of our
subjects used lower doses of MTX than is common current
practice. Physicians are now using larger weekly doses of
MTX to treat inflammatory arthritis, and a prospective eval-
uation of BMD of patients taking larger cumulative doses of
MTX would be an interesting area of further research.

We did not find a negative effect on bone density in
arthritis patients taking low dose MTX in comparison to
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Table 2. Characteristics of PsA patients.

Variable Control (n = 27), Taking MTX (n = 30),
11 Psoriasis/16 PsA Patients 10 Psoriasis/20 PsA Patients
Mean SD Mean SD

Age, yrs 53.22 14.43 49.30 10.56
Duration of disease, yrs 17.74 11.88 18.5 14.66
Body mass index, kg/m? 29.15 5.13 30.21 5.68
Current prednisone dose, mg 9.33 15.19 (n=6) 7.56 452 (n=28)
Cumulative prednisone use, mg 290 347
% Taking calcium (% vitamin D) 8 (0) 23 (20)

Mean dietary calcium intake, mg 459 438.72
% Female 70.4 56.7

% Postmenopausal females 63 64.7

% Females on HRT 11 47
Years postmenopausal 16.78 11.55 10.20 8.57
Cumulative MTX, mg (range) NA 3571 (620-11,960)
MTX duration, yrs (weekly dose, mg) 0 6.65 (12.42)

% on folic acid 47
Activity level, %

Sedentary 4 10

Mild 26 57

Moderate 48 30

Athletic 22 3
28 Tender joint count 3.78 4.58 4.88 6.01
ESR, mm/h 21.40 23.65 23.31 24.50
HAQ score 0.47 0.55 0.55 0.69
BMD proximal radius, g/cm? 0.70 0.09 0.72 0.12

Mean Z score 0.001 0.98 -0.17 1.05
BMD trochanter, g/cm? 0.85 0.12 0.87 0.16

Mean Z score 0.14 0.93 0.05 1.15
BMD spine L2-L4, g/cm? 1.22 0.13 1.26 0.15

Mean Z score 0.41 1.17 0.40 1.29
BMD femoral neck, g/cm? 0.95 0.15 1.01 0.17

Mean Z score -0.01 1.01 0.11 1.05
Bone-specific ALP, ug/l 12.38 3.87 12.61 5.63
Serum PTH, pmol/l 3.17 0.84 3.83 2.16
Serum testosterone, nmol/l 13.51 1.49 14.89 4.85
25 Hydroxy-vitamin D,, nmol/l 71.04 34.52 80.83 33.93

those not taking MTX. However, we were not able to deter-
mine whether higher doses of cumulative MTX may have a
negative effect on bone mineralization.
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