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Bone loss in patients treated with pulses of
methylprednisolone is not negligible: a short term
prospective observational study
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Objective: To examine the influence of intravenous pulsed methylprednisolone (MP) on bone mass.
Methods: 38 patients (30 women) with various rheumatic disorders requiring intravenous MP pulse
treatment were examined at baseline and after 6 months with dual energy x ray absorptiometry (DXA),
measuring hip and lumbar spine bone mineral density (BMD). Demographic and clinical data were
collected.
Results: Demographics showed: mean (SD) age 48.4 (16.3) years, body mass index 24.9 (5.1) kg/m2,
and median (range) disease duration 3.2 (0.1–40.0) years. During follow up patients received a mean
cumulative MP dose of 3.0 (1.6) g given as 5.7 (2.0) pulses over a median period of 5.7 (2.3–33.7)
months. 34/38 (89%) patients were also pulsed with cyclophosphamide, 20 (53%) were taking oral
corticosteroids, and 8 (21%) were using either bisphosphonates or oestrogen. At the end of the study mean
BMD was reduced by 22.2% at the femoral neck, 21.1% at the total hip, and 21.0% at the spine L2-4. In
subgroups BMD increased in patients treated with bisphosphonates or oestrogen (femoral neck +1.6%,
total hip +3.2%, spine L2-4 +4.5%), whereas BMD decreased at all sites in patients not treated with
antirersorptive treatment, both for users (femoral neck 24.4%, total hip 22.4%, spine L2-4 –2.1%) and
non-users of concomitant oral prednisolone (femoral neck 21.7%, total hip –1.9%, spine L2-4 –2.6%).
Conclusion: Treatment with intravenous pulses of MP leads to a high rate of bone loss. Prevention of bone
loss in these patients with bisphosphonates and oestrogens should be considered.

I
mmunosuppressive pulse treatment with intravenous
methylprednisolone (MP) is used to treat patients with
severe forms of various rheumatic disorders—for example,

systemic lupus erythematosus,1 primary vasculitic disorders,2

and rheumatoid arthritis.3 Although corticosteroids (CS) are
a well known cause of osteoporosis, no studies examining the
influence of pulse treatment with MP on bone mass have, to
our knowledge, been published,. A general belief has been
that short courses of pulse intravenous MP do not result in
long term bone density changes.4–7 Our aim was to examine
the extent of spine and hip bone loss in patients treated with
pulses of MP according to a standardised protocol8 and to
look for associations between bone mineral density (BMD)
changes at baseline and during follow up.

PATIENTS AND METHODS
Study design and patients
The study was performed between June 1998 and October
2001. In this period a total of 38 patients with a spectrum of
systemic rheumatic disorders (table 1) were included in the
study and followed up prospectively. Demographic, clinical,
and treatment data were collected and BMD measured at
baseline and follow up. The erythrocyte sedimentation rate
(ESR) was calculated from plasma viscosity (PV), using the
equation9:
ESR (mm/1st h)=107.086PV2162.47.
The MP, given as intravenous infusions, was intended to be

given as six pulses at doses of 6.6 or 10 mg per kilogram body
weight, based on disease related protocols. However, in some
cases this dose and the infusion intervals were altered
according to the patient’s response. The numbers of pulses
with MP were recorded and cumulative doses calculated.
Patients use of oral prednisolone, antiresorptive treatment

(ART) (oestrogen, bisphosphonates), calcium, and vitamin D

supplementation and concomitant pulses with cyclophos-
phamide were recorded. Of the eight patients using ART, four
had not been using this treatment before the pulses. During
the follow up period they received treatment with antirheu-
matic drugs, including disease modifying antirheumatic
drugs and CS as well as bone sparing drugs (ART and
calcium and vitamin D) according to the judgment of the
treating doctors.

BMD measurements
Hip (right hip measured) and spine (L2-L4, anterior posterior
view) BMD were measured at baseline and after the MP
treatment period. The baseline dual energy x ray absorptiom-
etry (DXA) measurements were ideally performed before the
first pulse. MP pulses given before a 14 day limit were
recorded as previous MP treatment given. The follow up DXA
was measured after the last MP infusion was given.
All the DXA scans were performed and analysed by one

technician using the same DXA equipment (Lunar Expert,
Madison, Wisconsin). Short term in vivo precision was 1.43%
at the total hip, 2.89% at the femoral neck, and 2.42% at the
spine L2-4 assessed from duplicate measurements in 57
healthy volunteers. The long term spine phantom precision
for the whole study period calculated from daily measure-
ments was 0.80%. The DXA measurements were expressed as
BMD (g/cm2), Z score (SD), and T score. The Z score and T
score calculations were based on a large European/American
reference database for BMD extensively described else-
where.10 11

Abbreviations: ANOVA, analysis of variance; ART, antiresorptive
osteoporosis treatment; BMD, bone mineral density; CS, corticosteroids;
DXA, dual energy x ray absorptiometry; ESR, erythrocyte sedimentation
rate; HRT, hormone replacement therapy; MP, methylprednisolone
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All analyses were performed with SPSS (Statistical
Package for Social Sciences) program 9.0 (SPSS, Chicago, IL).

Statistical tests
Paired and independent two tailed Student’s t test, analysis
of variance (ANOVA) (ad hoc test Bonferroni), and Pearson’s
x2 test were used when appropriate. Values of p(0.05 were
considered significant.
Multiple linear regression analysis was performed using all

the baseline and longitudinal variables mentioned in the
clinical assessment to predict bone loss at follow up.

RESULTS
Table 1 shows the patient, disease, and treatment character-
istics for all patients and for the three subgroups: patients not

using concomitant oral prednisolone, patients using con-
comitant oral prednisolone, and patients treated with ART.

Patient characteristics
At baseline the mean (SD) age of the patients was 48.4 (16.3)
years, the median (range) disease duration was 3.2 years
(0.1–40.0), and 30/38 (79%) patients were female. The
median (rande) follow up time between the first and second
DXA was 5.7 (2.3–33.7) months. During follow up the mean
C reactive protein was 10.4 mg/l (5.0–108.5) and ESR
13.8 mm/1st h (0.0–49.3). There were no statistically signi-
ficant differences in demographics between the three groups
(table 1). Between the subgroups there were significant
differences in frequencies of diagnosis and for follow up time
as displayed table 1.

Table 1 Patient, disease, and treatment characteristics in 38 patients treated with methylprednisolone (MP) and in the three
subgroups: no concomitant oral prednisolone treatment, with concomitant oral prednisolone treatment, and patients treated
with antiresorptive osteoporosis treatment (ART)

All patients
(n = 38)

No concomitant
oral prednisolone
(n = 14)

Concomitant
oral prednisolone
(n = 16) ART (n = 8) p Value

Demographics
Age (years) 48.4 (16.3) 53.9 (14.2) 39.6 (13.0) 56.4 (18.8) 0.13
Women, No (%) 30 (79) 11 (79) 11 (69) 8 (100) 0.21
BMI (kg/m2) 24.9 (5.1) 25.3 (4.2) 24.3 (5.8) 25.3 (5.4) 0.83
Caucasian, No (%) 33 (87) 12 (86) 13 (81) 8 (100) 0.61

Disease characteristics
Disease duration (years) 3.2 (0.1–40.0) 4.0 (0.1–29.9) 1.5 (0.1–29.0) 4.9 (0.1–40.0) 0.46
Diagnosis, No (%)
SLE 10 (26) 0 (0) 8 (50) 2 (25) 0.01
Systemic sclerosis 12 (32) 9 (64) 0 (0%) 3 (38)
Wegener’s granulomatosis 4 (11) 1 (7) 2 (13) 1 (13)
RA 6 (16) 3 (21) 2 (13) 1 (13)
Miscellaneous 6 (16) 1 (7) 4 (25) 1 (13)

Main indication for treatment, No (%)
Lung disease 19 (50) 9 (64) 3 (19) 7 (88) 0.04
Kidney disease 4 (11) 0 (0) 4 (25) 0 (0)
CNS involvement 2 (5) 1 (7) 1 (6) 0 (0)
Vasculitis 6 (16) 2 (14) 4 (25) 0 (0)
Resistant RA 2 (5.3) 1 (7) 0 (0) 1 (13)
Miscellaneous 5 (13) 1 (7) 4 (25) 0 (0)

Months at follow up 5.7 (2.3–33.7) 4.2 (2.6–11.5) 7.2 (2.3–33.7) 13.8 (3.3–29.2) 0.03
Mean ESR during follow up (mm/1st h) 13.8 (0–49.3) 18.5 (0–43.12) 11.7 (2.4–48.7) 6.1 (1.1–49.3) 0.49
Mean CRP during follow up (mg/l) 10.4 (5.0–108.5) 9.7 (5.0–82.3) 9.5 (5.0–44.1) 11.6 (5.7–108.5) 0.42

Anti-inflammatory treatment during follow up
Number of MP pulses 5.7 (2.0) 5.86 (1.66) 5.5 (2.5) 5.6 (1.5) 0.89
Cumulative MP dose (mg) 2969 (1612) 3521 (1581) 2617 (1347)) 2706 (2056) 0.28

3050 (600–7110) 3430 (1006–7110) 2625 (630–5000) 2360 (600–6480)
Average MP dose (mg) 536 (230) 598 (179) 510 (240) 475 (297) 0.43
Oral predisolone treatment, No (%) 20 (53) 0 16 (100) 4 (50) –
Cumulative predisolone dose (mg) 3450 (980–15150) 0 4332 (4220) 3980 (635) –

3349 (980–15150) 4313 (3248–4380)
Oral prednisolone (mg/day) 10.0 (5.0–35.0) 0 10.0 (5.0–35.0) 7.5 (5.0–7.5) –
Cumulative exposure to corticosteroid as
equivalent prednisolone dose (mg)

5850 (3722) 4401 (1977) 7604 (4460) 4875 (3322) 0.04
5234 (1258–18588) 4288 (1258–8888) 6480 (1823–18588) 3999 (1813–12413)

Daily exposure to corticosteroid as equivalent
prednisolone dose (mg/day)

27.4 (16.3)
23.9 (5.9–76.2)

31.1 (13.7)
29.5 (9.5–50.5)

30.9 (18.8)
27.8 (11.6–76.2)

13.9 (6.0)
14.4 (5.9–21.9)

0.03

Cyclophosphamide at follow up, No (%) 34 (89) 12 (86) 15 (94) 7 (88) 0.76

Osteoporosis treatment during follow up
ART, No (%) 8 (21) 0 (0) 0 (0) 8 (100) –
Oestrogen 3 3
Bisphosphonates 5 5

Calcium alone, No (%) 4 (11) 0 (0) 0 (0) 4 (50) 0.00
Calcium and vitamin D, No (%) 11 (29) 2 (14) 7 (44) 2 (25) 0.20

Values for continuous variables are given as mean (SD) and/or median (range). Numbers (%) for counts.
BMI, body mass index; ESR, erythrocyte sedimentation rate; CRP, C reactive protein; ART, antiresorptive treatment; RA, rheumatoid arthritis, SLE, systemic lupus
erythematosus
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Treatment before inclusion
Seventeen patients (45%) had not received MP before the
first DXA, 16 (42%) patients had started their MP treatment
3 months, 3 (8%) patients 6 months, and 2 (5%) patients
over 6 months before the first DXA measurement. In patients
who started MP treatment before the first DXA, the mean
cumulative dose was 1700 mg given as a mean of 3.3 pulses.
Oral prednisolone was used by 50% of the patients (mean
(SD) daily dose 14.3 (6.3) mg). No significant differences
between users and non-users of concomitant oral predniso-
lone were found in the anti-inflammtory treatment given
before inclusion in the study, except for oral prednisolone.

Treatment during follow up
During follow up the mean cumulative MP dose for all
patients was 2969 mg given as a mean of 5.7 pulses. Oral
predisolone was used by 20 (53%) (median daily dose 10 mg
(range 5–35)) patients. During follow up 21 (55%) patients
did not receive any osteoporosis treatment, 9 (24%) patients
received calcium and vitamin D only, and 8 (21%) patients
were treated with antiresorptive drugs. Table 1 gives further
details of the anti-inflammatory and osteoporosis treatment.
A comparison of the three groups, non-users of osteoporosis
treatment, calcium and/or vitamin D user, and user of ARTs

(ANOVA and Pearson’s x2 test), showed no difference
between the groups (data not shown).

BMD results
During the study period, the BMD was reduced: –2.2% at the
femoral neck, 21.1% at the total hip, and –1.0% at the spine
L2-4 (fig 1). BMD increased in the subgroup of patients
treated with ART (femoral neck +1.6%, total hip +3.2%, spine
L2-4 +4.5%), whereas BMD decreased at all sites in patients
not treated with ART, both for users (femoral neck –4.4%,
total hip –2.4%, spine L2-4 –2.1%) and non-users of
concomitant oral prednisolone (femoral neck 21.7%, total
hip –1.9%, spine L2-4 –2.6%) (fig 1).
Mean bone loss was less pronounced in patients treated

with calcium and/or vitamin D than in patients who received
neither ART nor calcium or vitamin D (femoral neck 22.2% v
–3.5% p=0.42, total hip –0.4% v 22.8% p=0.05, spine L2-4
–1.2% v –2.7%; p=0.50).
For patients not treated with ART a significant difference

in the number of days between the first and second DXA was
found between users and non-users of oral prednisolone
treatment (mean 325 (264) days v 160 (85) days, p=0.03),
but no significant difference in bone loss was found between
the two groups (fig 1). A significant difference between users

Figure 1 Percentage BMD change during follow up (mean with 95% confidence interval) in all 38 patients treated with methylprednisolone (white
column), in the following subgroups: 14 patients not treated with antiresorptive drugs nor additional oral corticosteroids (light grey column), 16 patients
not treated with antiresorptive drugs but additional oral corticosteroids (dark grey column), and 8 patients treated with antiresorptive drugs (black
column). ART includes hormone replacement therapy (HRT) or bisphosphonates. Values in the table below the figure are baseline BMD (SD) values and
BMD change (D% BMD) with standard error of the mean (SEM) for the different treatment groups at the different measurement sites. The p values are
from the overall ANOVA.
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and non-users of oral prednisolone treatment was found for
the calculated equivalent cumulative dose, including both
oral and pulse treatment of CS (mean 7604 (4460) mg v 4401
(1977) mg, p=0.02), but no difference was found for the
mean daily dose calculated as an equivalent prednisolone
dose (30.9 (18.8) mg v 31.1 (13.7) mg; p=0.98).

Associations
Among the variables in table 1 only the use of antiresorptive
drugs was statistically significantly associated with BMD
change at all measurement sites using univariate linear
regression and none of the CS variables. In a multivariate
linear regression model, adjusting for inflammation and
cumulative use of MP, ART was still the only variable found
to be independently associated with change in BMD.

DISCUSSION
To our knowledge the impact of pulse intravenous MP on
bone mass has not previously been studied. Theoretically the
short exposure time to CS using pulses of intravenous MP
could be less harmful for the bone and not lead to CS induced
bone loss, which seems to be a general belief among experts
in CS osteoporosis.4–7 This view has been supported by studies
examining calcium and bone metabolism in patients treated
with intravenous pulses of MP,4–6 demonstrating only a small
and reversible change in markers of bone resorption and
formation within a few days after infusion. Our study,
however, demonstrated that intravenous pulse treatment
with MP, as currently used in the treatment of patients with
various rheumatological disorders, leads to a high rate of
bone loss. However, as shown in fig 1 this bone loss in
patients treated with pulses of MP is arrested by the
concomitant use of antiresorptive osteoporosis treatment
with HRT or bisphosphonates. The rate of bone loss in
patients treated with calcium and/or vitamin D had a
tendency to be less pronounced than in those who did not
received any osteoporosis treatment; however, BMD did not
increase. A positive effect of bisphosphonates,12 calcitonin,13

calcium and/or vitamin D14 on bone density in patients
treated with oral CS has been shown in several studies. Our
results are in agreement with the results from randomised
controlled trials comparing bisphosphonates with calcium
alone or in combination with vitamin D.15–17 HRT was
previously recommended as first choice for prevention and
treatment of CS induced osteoporosis.18 However, later evi-
dence based recommendations prefer bisphosphonates.19–21

These recommendations were intended to be applied to
patients using long term CS and not to patients receiving
pulses of MP, and no guidelines have been published for
patients treated with intravenous pulses of MP. In our study
five patients were concomitantly treated with bisphospho-
nates and three with HRT; 50% of these patients had a T score
(22.5 SD and 75% a T score (21.0 SD at baseline (data not
shown).
Surprisingly, no significant difference in BMD loss was

found between users and non-users of oral prednisolone
treatment (fig 1), even though the users of prednisolone were
followed up for a significantly longer period than the non-
users and the cumulative dose of CS was significantly higher
(table 1). The mean daily dose of CS during follow up,
calculated as equivalent prednisolone doses, did not differ
between the two groups (,30 mg/day). In CS treated
patients, especially those receiving high doses, bone loss
appears to be most rapid in the first 6–12 months of
treatment (for review see Sambrook et al22 23), which may
explain why no difference between the users and non-users
of oral prednisolone was found in our study, despite
signifcant differences in the length of follow up and the
cumulative CS dose.

Bone loss in patients treated with CS may be reversible and
transient.24–26 In a longitudinal study a significant reduction
in BMD was seen during the first 12 months, whereas BMD
increased in the subsequent 12 months as the steroid dose
was reduced.25 In a cross sectional study no permanent
reduction in BMD was seen in patients with polymyalgia
rheumatica and temporal arteritis using daily oral low dose
CS compared with controls.26 Furthermore, in Cushing’s
syndrome a 20% bone loss has been shown to recover after
successful treatment.27 The bone loss seen in our study
patients may therefore be reversible at follow up when
intravenous pulse MP is stopped.
Our study was designed as a prospective observational

study with no disease control group and not as a randomised
controlled study, which limits the strength of our findings.
The inflammatory diseases themselves may therefore also
have contributed to the observed bone loss. Other obvious
limitations of our study include the heterogeneity of
diagnosis, variation in doses and time schedules for both
pulses of MP, and concomitant oral prednisolone treatment.
These study limitations, however, do reflect the challenges
that the clinician faces in daily clinical practice when treating
patients with severe organ manifestations, where treatment
decisions often have to be changed during follow up to
respond to the course of the disease. This is also reflected by
the fact that this is the first study performed examining bone
loss in patients treated with pulses of MP, even though this is
an established treatment option for these diseases. The most
convincing results for bone loss in the present study are
found at the total hip. This may partly be explained by the
more precise BMD measurement at this site compared with
the femoral neck and lumbar spine, which have poorer
precision. On the other hand, information from observational
studies is also of value as recently underlined in a editorial by
Kvien et al.28 They allow insight into ‘‘what happens in the
real world’’. In a recently published population based,
longitudinal observational study, examining patients with
rheumatoid arthritis, a positive effect of HRT and bisphos-
phonates on bone density was also seen in patients treated
with CS.29 Ideally, the results in our study should be
confirmed in a double blind randomised controlled trial
before final conclusions are drawn and recommendations
given for treatment of patients with intravenous pulses of
MP. However, the question is whether the evidence from this
study and others makes such a comparison unethical.
We conclude that CS treatment with intravenous pulses of

MP leads to a high rate of bone loss that cannot be ignored.
Prevention of bone loss in patients treated with intravenous
pulses of MP should be considered. This is especially
important in patients with low BMD, high disease activity,
and other risk factors for osteoporosis.
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