
Copyright @ 2008 American Federation for Medical Research. Unauthorized reproduction of this article is prohibited.

| O R I G I N A L A R T I C L E |

Effects of Low-Dose Corticosteroids on the Bone
Mineral Density of Patients With Rheumatoid
Arthritis: A Meta-Analysis
Young Ho Lee, MD, Jin-Hyun Woo, MD, Seong Jae Choi, MD,
Jong Dae Ji, MD, and Gwan Gyu Song, MD

| ABSTRACT

Background: The effects of long-term high-dose corti-
costeroids on bone mineral density (BMD) are clear,
but the effects of low-dose corticosteroids in patients
with rheumatoid arthritis (RA) remain controversial.
The aim of this study was to assess the effects of low-
dose corticosteroids on BMD in patients with RA.
Methods: The authors surveyed randomized controlled
studies that examined the effects of low-dose corticoste-
roids on BMD in patients with RA using MEDLINE and
the Cochrane Controlled Trials Register and by per-
forming manual searches. Data were collected on BMD
(end-of-period or change-from-baseline) after longest
recorded treatment durations. Meta-analysis was per-
formed using a random effects model; outcomes are pre-
sented as standardized mean differences (SMDs).
Results: Seven studies were included in this meta-
analysis, which included 7 studies on lumbar BMD meta-
analysis and 6 studies on femur BMD meta-analysis.
Corticosteroids resulted in a moderate worsening in lum-
bar BMD compared with controls (SMD = j0.483; 95%
confidence interval [CI], j0.815 to j0.151, P = 0.004),
whereas the femoral BMD differences were not siginif-
icant (SMD = j0.224; 95% CI, j0.663 to 0.215, P =
0.318). Subgroup analysis of BMD data performed on
a change-from-baseline basis showed that corticosteroids
had a clear effect on both lumbar and femoral BMDs
(SMD = j0.354; 95% CI, j0.620 to j0.088, P = 0.009;
SMD = j0.488; 95% CI, j0.911 to j0.065, P = 0.024,
respectively).
Conclusions: This meta-analysis shows BMD loss after
low-dose corticosteroid treatment in patients with RA.
These findings have practical implications for the long-

term management of patients with RA on low-dose
corticosteroids.
Key Words: corticosteroid, bone mineral density, rheu-
matoid arthritis

| INTRODUCTION

Rheumatoid arthritis (RA) is a systemic autoimmune dis-
ease characterized by chronic inflammation of the syno-
vial joints, which leads to disability and loss of quality of
life.1 Polyarthritis causes juxta-articular bone loss of
affected joints and often is accompanied by considerable
generalized loss of bone mass in patients with RA.2 The
etiology of generalized bone loss in RA is multifactorial
and involves inflammation, circulating cytokines, and
general factors, such as a low level of physical activity,
vitamin D status, and physical impairment.3,4 Cortico-
steroids suppress the signs and symptoms of inflamma-
tion in RA and reduce the rate of joint destruction but
are a risk factor of osteoporosis.5 However, the relative
contributions made by corticosteroids and the disease
process to bone loss have not been determined.

The effects of long-term high-dose corticosteroids on
bone mineral density (BMD) have been well established,
but those of low-dose corticosteroids (e10 mg/d prednis-
olone) in patients with RA are controversial. Moreover,
corticosteroid treatment may reduce disease activity and
increase patient mobility, which might offset its negative
direct effect on bone.6 However, it is still debated as to
whether treatment with low-dose corticosteroid results in
bone loss. Several studies have described the effects of
low-dose corticosteroids on bone, but results vary and,
in some cases, are conflicting,7Y13 which might be due
to small sample sizes and low statistical power.

Meta-analysis is a statistical procedure for combining
the results of several studies to produce a single estimate
of a major effect with enhanced precision.14 The major
advantage of meta-analysis is that it increases the sam-
ple size, which possibly reduces the likelihood that ran-
dom error will produce false-positive or false-negative
associations.14 Thus, the aim of the present study was
to investigate, using a meta-analysis approach, the
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effects of low-dose corticosteroids on BMD in patients
with RA.

| METHODS

Identification of Eligible Studies
and Data Extraction
We performed an exhaustive search on studies that
examined the effect of corticosteroids on BMD in
patients with RA. Literature searches were made using
MEDLINE and the Cochrane Controlled Trials Register
to identify available articles (the most recent article was
published on December 2007). The following key words
and subject terms were used in the searches: corticoste-
roid, glucocorticoid, prednisolone, bone mineral density,
and rheumatoid arthritis. All references in the studies
were reviewed to identify additional works not indexed
by electronic databases, and all randomized controlled
studies that compared corticosteroid with a placebo
in patients with RA were considered eligible if they
reported outcomes as BMD after treatment commence-
ment. Studies were excluded when a placebo group
was absent, or the follow-up period was shorter than
12 weeks, the published report did not contain adequate
data for inclusion, or when the study concerned was
cross-sectional. The cutoff of low-dose corticosteroid
was prednisolone of 10 mg/d or lesser. We quantified
the methodological qualities of primary studies using
Jadad scores (maximum score, 5; high-quality trials
score, 3 or greater; see Table 2 for criteria and for
results).15

The following information was extracted from each
study: first author, year of publication, country in
which the study was conducted, dose of corticosteroid,
length of follow-up, skeletal sites evaluated for BMD,
and mean and SD of BMD (end-of-period or change
from-baseline) at longest treatment duration. Change
from baseline was reported as percent change. When
there was no SD data from primary study, we imputed
the SD using the mean proportional SD of the other
studies for missing SD and conducted sensitivity analy-
ses on imputed values.

Evaluation of Publication Bias
Funnel plots were used to detect publication bias. How-
ever, because funnel plots require a range of studies of
different sizes and subjective judgments, we evaluated
publication bias using Egger linear regression test.16

Egger test measures funnel plot asymmetry using a nat-
ural logarithm scale of odds ratios.To assess the publica-
tion bias effect of missing studies, we also used the ‘‘trim
and fill’’ method, which estimates the outcome and num-
ber of missing studies that would be necessary to correct
the publication bias.17 This method provides an adjustedT
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estimation of effect size based on incorporating these
theoretical missing studies into meta-analyses.

Evaluation of the Statistical Association
Bone mineral densities were expressed in grams per
square centimeter, milligrams per milliliter, bone mineral
content, or as T score in the studies. Standardized mean
differences (SMDs) were used when different scales
were integrated to measure the same concept. We used
SMDs in this meta-analysis because different scales
were used to measure the same outcome. Standardized
mean differences were calculated by dividing the differ-
ence between the corticosteroid and control groups by
baseline variance. This measure compares treatment
and placebo arms in terms of standardized scores. A
treatment that is 1 unit better than the placebo is 1 SD
better, based on variations in original bone density.
A large effect is equivalent to 1 unit; a moderate effect,
0.5; and a small effect, 0.3 units.18

Separate analyses were performed for BMD at each
skeletal site, which included the lumbar spine or femur
neck. We assessed within- and between-study variations
and heterogeneities using Cochran Q statistic.19 The het-

erogeneity test assessed the null hypothesis that all stud-
ies evaluated the same effect. If the significant Q statistic
(P G 0.10) indicated heterogeneity across studies, then
the random effects model should be used for meta-
analysis, which assumes that different studies may esti-
mate different underlying effects and which considers
both intrastudy and interstudy variations.20 In the present
study, we used the random effects model because hetero-
geneity was present in most analyses.

We quantified the effect of heterogeneity using I2 =
100% � (Q j df) / Q.21 The I2 measures the degree of
inconsistency between studies and determines whether
the percentage total variation across studies is due to het-
erogeneity rather than chance. I2 ranges between 0% and
100%; I2 values of 25%, 50%, and 75% are referred to
as low, moderate, and high estimates, respectively.

Our aim was to include in the meta-analysis as many
studies as reasonably possible, given the limited number
of published studies, and we used end point data or
change data to maximize data availability. We also per-
formed sensitivity analyses by limiting studies to the
following: (1) prednisolone use, (2) end-of-period data,
(3) change-from-baseline data, (4) follow-up period,

TABLE 2. Methodological Quality of Each Study

Methodological Quality (Jadad Criteria15)

Study 1a 1b 1c 2a 2b 2c 3 Total ITT

Svensson et al.,11 2005 1 1 0 0 0 0 1 3 X
Capell and Madhok,8 2003 1 1 0 0 0 0 1 3 O
Laan et al.,10 1993 1 0 0 1 0 0 0 2 X
van Everdingen et al.,12 2003 1 1 0 0 0 0 0 2 X
van Schaardenburg et al.,13 1995 1 0 0 0 0 0 0 1 O
Choy et al.,7 2005 1 0 0 1 0 0 1 3 X
Hansen et al.,9 1999 1 1 0 0 0 0 1 3 O

ITT indicates intention-to-treat analysis; 1a, Was the study described as randomized? (score 1 if yes); 1b and 1c, Was the method of randomization
described and appropriate to conceal allocation? (score 1 if appropriated and j1 if not appropriate); 2a, Was the study described as double-blinded?
(score 1 if yes); 2b and 2c, Was the method of double blinding described and appropriate to maintain double blinding? (score 1 if appropriate andj1 if
not appropriate); 3, Was there a description of how withdrawals and dropouts were handed? (score 1 if yes).

TABLE 3. Meta-Analysis of the Effect of Low-Dose Corticosteroid Use on Lumbar BMD in RA

Site Group No. Studies

Test of Association Test of Heterogeneity

Standard Difference
in Means 95% CI P Q P I2

Lumbar Overall 7 j0.483 j0.815 to j0.151 0.004 22.8 0.001 73.7
Overall* 9 j0.620 j0.941 to j0.299 NA 39.2 NA NA

Prednisolone 6 j0.520 j0.905 to j0.134 0.008 22.7 G0.001 77.9
End-of-period 3 j0.653 j1.376 to j0.070 0.076 21.8 G0.001 90.8

Change-from-baseline 4 j0.354 j0.620 to j0.088 0.009 0.77 0.855 0
Short follow-upy 3 j0.402 j0.982 to 0.177 0.173 0.69 0.707 0
Long follow-upz 4 j0.545 j1.014 to j2.281 0.023 22.1 G0.001 86.4

Calcium supplement 2 j0.894 j1.552 to j0.237 0.008 17.9 G0.001 94.4
No calcium supplement 5 j0.310 j0.746 to 0.125 0.163 1.97 0.741 0

*Two estimated studies were added by adjusting using the trim and fill method.
ye1 year.
z91 year.
NA indicates not available.
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(5) calcium supplement, and (6) studies that reported
SDs. Statistical manipulations were undertaken using a
Comprehensive Meta-Analysis computer program (Biosta,
Englewood, NJ).

| RESULTS

Studies Included in the Meta-Analysis
Thirty-five studies were identified by electronic or man-
ual search, and 13 were selected for full text review
based on title/abstract.7Y13,22Y26 However, 6 of the 11
were excluded; 4 were nonrandomized studies,10,22Y24

and the other 2 had no BMD data.25,26 Thus, 7 studies

met the inclusion criteria.7Y13 These 7 studies involved
a total of 353 patients and 343 controls, and all reported
the effects of low-dose corticosteroids on BMD in
patients with RA. All studies were performed in Eur-
opean countries. The characteristic features of the studies
included in the meta-analysis are given in Table 1. In all
the studies, patients received daily low-dose oral predni-
solone, except in 1 study, in which they received monthly
intramuscular Depo-Medrol (equipotent to 5 mg predni-
sone daily).7 The mean prednisolone dose administered in
studies ranged from 6 to 10 mg, follow-up periods ranged
from 20 weeks to 3 years, and the median Jadad score
was 3 (range, 1Y3) (Table 2). Six of the studies document

FIGURE 1. Standard difference in means and 95% CI of individual studies and pooled data for the association between
corticosteroid use and lumbar BMD in patients with RA, in overall (A) and in the change-from-baseline (B) and end-of-
period groups (C).
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TABLE 4. Meta-Analysis of the Effect of Low-Dose Corticosteroid Use on Femur Neck BMD in RA

Site Group No. Studies

Test of Association Test of Heterogeneity

Standard
Difference
in Means 95% CI P Q P I2

Femur neck Overall 6 j0.224 j0.663 to 0.215 0.318 29.2 G0.001 82.9
Prednisolone 5 j0.099 j0.540 to j0.343 0.662 20.5 G0.001 80.5
End-of-period 3 j0.010 j0.667 to 0.646 0.976 19.2 G0.001 89.5

Change-from-baseline 3 j0.488 j0.911 to j0.065 0.024 3.226 0.199 38.0
Short follow-up* 2 j0.258 j1.117 to j0.602 0.557 0.09 0.762 0
Long follow-upy 4 j0.211 j0.778 to 0.357 0.466 28.7 G0.001 89.5

Calcium supplement 2 0.280 j0.011 to 0.571 0.060 1.15 0.282 13.5
No calcium supplement 4 j0.578 j0.857 to j0.299 G0.001 3.80 0.284 21.0

*e1 year.
y91 year.

FIGURE 2. Standard difference in the means and 95% CI of individual studies and pooled data for the association
between corticosteroid use and femoral BMD in patients with RA, in overall (A), change-from-baseline (B), and end-of-
period groups (C).
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lumbar and femoral BMDs; and the remaining study, only
lumbar BMD.

Meta-Analysis of the Effect of Low-Dose
Corticosteroids on Lumbar BMD
All 7 studies analyzed lumbar BMD. It should be noted
that a negative corticosteroid effect corresponds to a
negative standardized effect size for BMD. Corticoste-
roids were found to have a moderate effect versus con-
trols on lumbar BMD (SMD = j0.483; 95% confidence
interval [CI], j0.815 to j0.151, P = 0.004), but hetero-
geneity was found among the studies (I2 = 73.7%, P =
0.001) (Table 3, Fig. 1). Meta-analysis excluding 1 study
that involved monthly intramuscular Depo-Medrol or 2
studies with imputed SDs showed the same result pat-
tern.7,8 Subgroup analysis based on BMD change-from-
base data showed that corticosteroids had a clear effect
versus controls on lumbar BMD (SMD = j0.354; 95%
CI, j0.620 to j0.088, P = 0.009), without between-
study heterogeneity (I2 = 0%). Meta-analysis of studies
using end-of-period data showed the same trend, but it
did not reach statistical significance (P = 0.076) (Table 3).
Meta-analyses with studies of long follow-up period
(91 year) or with calcium supplement have shown that
corticosteroid has a moderate effect on lumbar BMD
(Table 3).

Meta-Analysis of the Effect of Low-Dose
Corticosteroids on Femoral Neck BMD
Six studies analyzed femoral neck BMD. Unlike lumbar
BMD, corticosteroid was not found to have a significant
effect versus controls on femoral neck BMD (SMD =
j0.224; 95% CI, j0.663 to 0.215, P = 0.318), but
between-study heterogeneity was evident (I2 = 82.9%,
P G 0.001) (Table 4, Fig. 2). Meta-analysis by excluding
1 study that involved monthly intramuscular Depo-

Medrol or 2 studies with imputed SDs showed the
same pattern of results. Subgroup analysis based on
BMD change-from-base data showed that corticosteroid
had a clear effect versus controls on femoral neck BMDs
(SMD = j0.488; 95% CI, j0.911 to j0.065, P =
0.024), and low between-study heterogeneity was
observed (I2 = 38%, P = 0.199). Meta-analysis of studies
based on end-of-period data showed no association
between corticosteroid treatment and femoral neck
BMD (Table 4). Meta-analysis with studies with calcium
supplement showed that corticosteroids had a clear effect
versus controls on femur neck BMD (SMD = j0.578;
95% CI, j0.857 to j0.299, P G 0.001), without
between-study heterogeneity (I2 = 21%). Meta-analysis
of studies without calcium supplement showed the
same trend, but it did not reach statistical significance
(P = 00.06) (Table 4).

Heterogeneity and Publication Bias
Between-study heterogeneity was found during most
analyses except for analyses based on change-from-
baseline data for lumbar and femoral BMDs. It was dif-
ficult to correlate the funnel plot, which is usually used
to detect publication bias because the number of studies
included in the analysis was too small. However, no
evidence of publication bias was obtained (Egger re-
gression test, P 9 0.1). Adjusting for publication bias
did not change the finding based on the meta-analyses
of all studies of the lumbar BMD (Table 3, Fig. 3).

| DISCUSSION

In patients with RA, the disease itself predisposes bone
loss, and there is evidence that this loss is related to dis-
ease activity.27 However, 1 study of early RA, in which a
small subgroup of patients received prednisolone, sug-
gested that prednisolone has a beneficial effect on bone
loss.11 The inhibitory effect of prednisolone treatment
on bone formation is a concern, at least at high doses.
However, at low doses, it has been suggested that this
inhibitory effect may be compensated for by an ability
of prednisolone to suppress disease activity and conse-
quent inflammation-mediated bone resorption.27

Cross-sectional studies have shown that patients with
RA tend to have lower bone mass than normal, and this
has been mainly attributed to physical inactivity and cor-
ticosteroid use.26 Moreover, it has been suggested that
the favorable effects of corticosteroids on the inflamma-
tory process and on physical activity may outweigh its
negative effects on bone mass.27 However, published
data on the effects of low-dose corticosteroids on bone
in patients with RA are contradictory.7Y13

In present meta-analysis, low-dose corticosteroids
were found to have a marked negative effect on lumbar
BMD (standardized effect size, j0.483, P = 0.004), and

FIGURE 3. Funnel plot after performing trim and fill
estimates of studies on the effect of low-dose corticoste-
roid on lumbar BMD. The original studies are indicated by
circles, and study estimates are shown as filled black
circles.
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although no significant effect was found for femoral
BMDs, a trend was observed (SMD = j0.224, P =
0.318). However, subgroup analysis based on change-
from-base BMD data showed that corticosteroids have a
clear effect on both lumbar and femoral BMDs (SMD =
j0.354, P = 0.009; SMD = j0.488, P = 0.024, respec-
tively). Our meta-analysis does not support the notion
that the use of low-dose corticosteroids has a beneficial
effect on bone but rather suggests that low-dose cortico-
steroid treatment accelerates bone loss in patients with
RA. Moreover, this deleterious effect of corticosteroids
on bone is unlikely to be counterbalanced by its benefi-
cial effect on RA inflammation based on the results of
this meta-analysis. Although the use of low-dose corti-
costeroids may retard joint damage,11 it should be
emphasized that it may lead to bone loss leading to
osteoporosis and bone fracture. When low-dose cortico-
steroids are used for the long-term treatment of RA, pro-
phylactic methods have to be considered to prevent
osteoporosis due to corticosteroid use.

We could not perform meta-analysis on the effect of
low-dose corticosteroids on hand BMD because of lim-
ited data. Two studies have been performed on hand
BMD. A double-blind randomized study by Haugeberg
et al.28 showed that disease-related loss of hand bone
density in RA can be decelerated by prednisolone, and
another study suggested that prednisolone has a protec-
tive effect against bone loss in the hand.10 It is unclear
whether the deleterious effect of corticosteroids is coun-
teracted by its anti-inflammatory effect in hand BMD,
unlike lumbar or femoral neck BMD, because hand
joints are more frequently affected by RA inflammation
than other sites. Further studies are needed to clarify
this point.

Present study has some shortcomings that should be
considered. First, most analyses showed between-study
heterogeneity. The issue of study heterogeneity is funda-
mental in meta-analysis. We performed subgroup analy-
sis, but heterogeneity remained in most analyses except
for analyses based on change-from-baseline data, short
follow-up period, and no calcium supplement. Although
we used a random effect model, which inherently allows
for variations in underlying effect sizes between studies
to be taken into account, we could not exclude the pos-
sibility that this heterogeneity could have biased the
analysis. Second, the funnel plot of all studies for lumbar
BMD was not symmetric, despite no obvious evidence
of publication bias based on Egger test, and thus, the
possibility of publication bias cannot be completely
ruled out. However, adjustments made using the ‘‘trim
and fill’’ method did not change our results. The trim
and fill method provided 2 adjusted estimations of effect
size based on incorporating these theoretical missing
studies into meta-analyses. Third, combining final values

and change scores in the same analysis may be of con-
cern because different measurement scales were used,
and therefore, we also performed subgroup analysis
by dividing all of the studies into end-ofYperiod and
change-from-baseline groups. However, the results
from meta-analysis based on combined values and
change-from-baseline data were no different. Fourth,
the study quality is one of the factors that may bias
the meta-analysis. Although we measured the study
quality in this meta-analysis, the low and middle lev-
els of study quality should be considered as a possible
limitation.

A previous meta-analysis showed that glucocorti-
coids given in addition to standard therapy can substan-
tially reduce erosion progression in RA. However, the
question remains whether the benefits of low-dose corti-
costeroids outweigh their disadvantages in RA. Thus, the
benefits of low-dose corticosteroids in terms of control-
ling erosive joint damage have to be balanced against the
potential dangers of bone loss. Further study is needed to
fully address this issue.

In conclusion, this meta-analysis shows greater
BMD loss after corticosteroid treatment in patients with
RA. We conclude that low-dose corticosteroids for the
treatment of RA may increase bone loss because, in the
present study, BMD was found to be significantly re-
duced by low-dose corticosteroids in patients with RA.
These findings have practical implication for the long-
term management of patients with RA on low-dose
corticosteroids.
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