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A B S T R A C T

Background

Corticosteroids are widely used in inflammatory conditions as an immunosuppressive agent. Diseases treated with corticosteroids

include connective tissue diseases, asthma, inflammatory bowel disease and organ transplantation. Bone loss is a serious side effect

of this therapy. Several studies have examined the use of bisphosphonates as a treatment for corticosteroid-induced osteoporosis and

have reported varying magnitudes of effect. The best estimate of the magnitude of efficacy regarding bisphosphonate prevention of

corticosteroid-induced bone loss is needed, before their use is advocated.

Objectives

To assess the effects of bisphosphonates for the prevention and treatment of corticosteroid-induced osteoporosis.

Search methods

We searched the Cochrane Musculoskeletal Group trials register, MEDLINE up to 1997 and EMBASE 1988-1997), and selected hand

searching of reference lists was conducted. Hand searching of scientific abstracts from relevant meetings for the last five years was also

done. An electronic search in Current Contents was done for the last six months. The Cochrane Controlled Trials Register (CCTR)

will be searched for future updates.

All languages were included in the search. For practical reasons only those in English were included, but all languages will be retrieved

and translated for future updates.

Selection criteria

All controlled clinical trials (CCTs) dealing with prevention or treatment of corticosteroid-induced osteoporosis with bisphosphonates

of any type and reporting the outcomes of interest were assessed. Trials had to involve adults only, and subjects had to be taking a mean

steroid dose of 7.5 mg/day or more.
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Data collection and analysis

All data extraction was performed by two independent reviewers. Outcomes of interest included change in bone mineral density (BMD)

at the lumbar spine and femoral neck at six and 12 months. If present, data on number of new fractures and withdrawals due to adverse

effects were also extracted. All data extraction was performed by two independent reviewers.

Both continuous and dichotomous data were analyzed using fixed effects models. When significant heterogeneity was present, a random

effects model was used.

Main results

A total of 13 trials, including 842 patients are included in this meta-analysis. Results are reported as a weighted mean difference of the

percent change in BMD between the treatment and placebo groups, with trials being weighted by the inverse of their variance. The 95%

confidence intervals (95% CI) are presented. At the lumbar spine, the weighted mean difference of BMD between the treatment and

placebo groups was 4.3% (95% CI 2.7, 5.9). At the femoral neck, the weighted mean difference was 2.1% (95%CI 0.01, 3.8). Although

there was a 24% reduction in odds of spinal fractures [OR 0.76 (95%CI 0.37, 1.53)], this result was not statistically significant.

Authors’ conclusions

Bisphosphonates are effective at preventing and treating corticosteroid-induced bone loss at the lumbar spine and femoral neck. Efficacy

regarding fracture prevention cannot be concluded from this analysis, although bone density changes are correlated with fracture risk.

P L A I N L A N G U A G E S U M M A R Y

Bisphosphonates for treating osteoporosis caused by the use of steroids

Corticosteroids are widely used to treat inflammation. Bone loss (osteoporosis) is a serious side effect of this therapy. We reviewed a total

of 13 trials which included 842 patients. We found that the bone mineral density of the lumbar spine of patients taking bisphosphonate

therapy improved 4.3% more than patients who had no treatment. At the femoral neck (top of the thigh bone), the bone mineral

density improved 2.1% more in the treatment group. There was no difference in the number of spinal fractures between the the two

groups. We found that bisphosphonates are effective at preventing and treating corticosteroid-induced bone loss at the lumbar spine

and femoral neck. We do not have enough evidence to say whether or not bisphosphonates prevent fractures.

B A C K G R O U N D

Corticosteroids are widely used in inflammatory conditions as an

immunosuppressive agent. Diseases treated with corticosteroids

include connective tissue diseases, asthma, inflammatory bowel

disease and organ transplantation. Bone loss is a serious side effect

of this therapy. There is some controversy in the literature regard-

ing the dose and duration of corticosteroids required to produce

bone loss. Cohort studies have shown that treatment with low

dose corticosteroids (<7.5 mg/day) is not associated with clini-

cally significant osteoporosis (Sambrook 1989, Leboff 1991). On

the other hand bone loss rates ranging from 0% to 13.9% per

year have been reported in patients on >7.5 mg/day prednisone

(Montemurro 1990, Nordberg 1993, Als 1985, Pons 1995). Bone

loss is likely mediated through a variety of mechanisms. Stud-

ies have provided evidence for decreased calcium absorption and

increased calcium excretion (Jennings 1991, Gennari 1993), de-

creased serum concentration of sex hormones (Montecucco 1992),

and direct inhibition of bone formation (Dempster 1989) as evi-

denced by decreased serum osteocalcin levels (Montecucco 1992,

Meeran 1995, Prummel 1991).

Patients who develop significant osteoporosis or fractures are

treated, but the routine use of prophylactic therapy to prevent bone

loss is uncommon. Two studies have examined the prescription

rate for osteoporosis therapy in patients who are receiving long

term corticosteroids (Peat 1995, Walsh 1996). One study showed

a 5.6% prevalence of co-prescription, and another showed a 14%

prevalence.

There are several retrospective and prospective cohort studies in

the literature regarding the treatment of corticosteroid-induced

osteoporosis with bone sparing agents, but these studies are open
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to more types of bias than are controlled trials. There are a small

number of controlled clinical trials, and those utilizing bisphos-

phonates have shown some of the best evidence for reducing bone

loss. The magnitude of effect, however shows considerable varia-

tion across studies. Efficacy, measured as percent change in bone

mineral density (BMD) over one year, ranges from -10% to +19%

in the bisphosphonate studies. Where studies show such a wide

variability of efficacy, techniques such as meta-analysis can be used

to pool results, providing a more precise estimate of efficacy. The

best estimate of the magnitude of efficacy regarding bisphospho-

nate prevention of corticosteroid-induced bone loss is needed, be-

fore their use is advocated.

O B J E C T I V E S

To determine the efficacy of bisphosphonates in the prevention of

steroid induced osteoporosis.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Initially all controlled clinical trials were selected for further as-

sessment.

Types of participants

We chose studies where participants were men and/or women over

the age of 18, with underlying inflammatory disorders, initiating

treatment or currently being treated with systemic corticosteroids

(primary or secondary prevention), and who had not received bis-

phosphonates in the six months prior to the start of the study. Pri-

mary prevention was defined by bisphosphonate treatment start-

ing within three months of initiating corticosteroids. Due to con-

troversy in the literature regarding low dose steroids and the risk of

osteoporosis, only those trials where the mean corticosteroid dose

was 7.5 mg/day or higher were used.

Types of interventions

Controlled clinical trials that included any of the first or second

generation bisphosphonates, alone or in combination with cal-

cium and/or vitamin D, with the control group taking placebo,

alone or in combination with calcium and/or vitamin D were in-

cluded.

Types of outcome measures

The primary outcome assessed and required for inclusion in the

meta-analysis was percent change in BMD at one year at the lum-

bar spine or femoral neck. Data regarding number of new verte-

bral fractures was collected if present.

Search methods for identification of studies

MEDLINE and EMBASE were used to identify all clinical tri-

als relating to the treatment of osteoporosis. We used the MED-

LINE search strategy developed by Dickersin et al at the Baltimore

Cochrane Centre (Dickersin 1994) with the addition of the clini-

cal keywords listed in appendix one, and searched the years 1966

to 1997. Similar strategies were developed for searching EMBASE,

and the years 1988 to 1997 were included. Clinical keywords used

in this database are listed in appendix two. All foreign language

journals were included in the search. An electronic search in Cur-

rent Contents was done for the last six months. The Cochrane

Controlled Trials Register will be searched for future updates.

The reference lists of studies included in the meta-analysis were

manually searched to add any citations missed by the electronic

searches. Abstracts for the last five years from the following scien-

tific meetings were manually checked and included if sufficient in-

formation was available in the body of the abstract: American Soci-

ety for Bone and Mineral Research, American College of Rheuma-

tology, Canadian Rheumatology Association, and the European

Symposium on Calcified Tissues. For practice reasons, only stud-

ies published in English were included. Other languages will be

retrieved and translated for future updates.

APPENDIX 1

1. exp “osteoporosis”/

2. exp “adrenal cortex hormones”/

3. exp “anabolic steroids”/

4. exp “bone density”/

5. exp “anti-inflammatory agents, steroidal”/

6. 1 or 4

7. 2 or 3 or 5

8. 6 and 7

9. exp “diphosphonates”/

10. 9 and 6

11. exp “osteoporosis”/ci

12. 8 or 10 or 11

13. limit 12 to human

14. limit 13 to English language

15. exp osteoporosis/dt

16. exp bone diseases/

17. 16 and 7

18. limit 17 to human

19. limit 18 to English language

20. 14 or 15 or 19

APPENDIX 2

1. exp bone demineralization/

3Bisphosphonates for steroid induced osteoporosis (Review)

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



2. exp bone density/

3. exp bone disease/

4. bone demineralization/

5. osteopenia/

6. osteoporosis/

7. postmenopause osteoporosis/

8. posttraumatic osteoporosis/

9. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8

10. exp corticosteroid/

11. exp antirheumatic agent/

12. antiinflammatory agent/

13. exp antiinflammatory agent/

14. exp nonsteroid antiinflammatory agent/

15. 13 not 14

16. 10 or 11 or 12 or 15

17. exp bisphosphonic acid derivative/

18. 9 and 17

19. 9 and 16

20. exp bone demineralization/si

21. exp osteopenia/si

22. exp bone demineralization/dt

23. 18 or 19 or 20 or 21 or 22

Data collection and analysis

Selection of trials:

After fulfilling the initial criteria, the following criteria were also

met:

Randomized or quasi-randomized (alternate) allocation of patients

into treatment groups. We looked for the words “random” and

“randomized” in the methods of allocation of the trial.

Blinding of the study participants and or investigators to the treat-

ment. There had to be an adequate description of the interven-

tion medications in terms of dosage schedule and administration.

Adequate documentation of withdrawals and dropouts.

Assessment of methodological quality:

Methodological quality of the trials was assessed by two observers

(MSA, JH), using the criteria of Jadad 1996.

Methods used to collect data from included trials:

Data were extracted from the trials by two independent observers

(AC, JH). Agreement between the two was assessed using the

kappa statistic. In the case of disagreements, the two observers

would discuss the issue and attempt to reach a consensus. If nec-

essary, a third observer was used as an adjudicator (BS, MSA).

Data were extracted for the following time points and outcomes:

Time Points:

Six months

Twelve months

Outcomes:

Efficacy:

Percent change in bone mineral density at the lumbar spine and

femoral neck

Fracture incidence (if present)

Toxicity:

Number of withdrawals due to side-effects

Methods to synthesize data

Analysis was conducted separately for bone loss at the femoral and

lumbar sites, because of the differential effects of corticosteroids

on cortical and trabecular bone mass (Rickers 84). Results at six

and 12 months were analyzed separately. The outcome measure-

ment of interest was the mean difference in change of BMD and

the corresponding standard deviation. That is, the percent change

in BMD (treatment group) minus the percent change in BMD

(placebo group). When standard error of the mean (SEM) was

reported, standard deviation was calculated as standard deviation

equals the product of the standardized error of the mean and the

square root of n, where n is the number of subjects in the group.

Where no error measurement was reported, the standard deviation

was estimated using the mean coefficient of variation of the other

trials, weighted by the sample size of each study. Where number

of patients completing was not reported, the number of patients

randomized was used as n. Each trial was weighted taking into

account sample size and variance in the outcome variable. The

overall treatment effect of the combined trials was calculated as a

weighted mean difference between the two treatment groups.

The results for each trial was tested for heterogeneity using the chi

square statistic. Effect estimates were analyzed using a fixed effects

model. If heterogeneity was present, a random effects model was

applied. Pooled analysis for fractures and adverse events (dichoto-

mous variables) was conducted for those trials reporting those out-

comes using the Peto odds ratio.

Initially all trials reporting data for an outcome were pooled

together. Subsequently, sensitivity analyses or subgroup analysis

were performed for: a) heterogeneity, excluding those trials with

methodological differences; b) primary vs. secondary prevention

trials; c) quality, using the median quality score of two as a cut

off value defining higher and lower quality trials; and d) BMD

measurement method, excluding studies that did not use DEXA.

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded

studies.

After review of the abstracts in the search, a total of 26 controlled

studies were found assessing the treatment of corticosteroid in-

duced osteoporosis with a bisphosphonate. Some were retrospec-

tive analyses and were excluded. The reason for the exclusion of

13 of the studies are outlined in the table of excluded studies. The
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13 remaining controlled clinical trials reported data on 842 par-

ticipants. Two of the included trials, presented in abstract form,

did not report the mean dose of prednisone in the study groups

(Worth 94, Jenkins 97), but were still included. Another two only

reported two year data (Pitt 97, Eastell 96), and these studies were

included in an analysis of all trials along with a study reporting

only six month data (Worth 94). Two trials reported two treat-

ment groups (same drug, different dose), as well as the control

group, and the treatment arm representing the most frequently

used dosage regimen in clinical practice was used.

Most trials used etidronate, administered in a cyclic fashion. There

was one trial each that used daily etidronate, oral risedronate, oral

alendronate and one using daily oral pamidronate. Eight out of 13

studies used dual energy xray absorptiometry (DEXA), one used

dual photon absorptiometry (Worth 94), one used quantitative

computed tomography (QCT) (Reid 88) and three did not specify

the method used to measure BMD. Six studies involved primary

prevention of osteoporosis and seven with secondary prevention

or a mixed group. In one study the control but not the treatment

group received vitamin D supplementation (VanCleemput 96).

All 13 trials reported data on bone loss at the lumbar spine, while

only eight reported changes at the femoral neck. Twelve studies

reported a significant improvement in lumbar BMD in the treat-

ment group as compared to controls, while one study, performed

in cardiac transplant patients, showed continued bone loss in the

bisphosphonate group (VanCleemput 96), even over the control

group. Four studies reported a significant improvement over con-

trols in femoral neck BMD, while the other four reported no sig-

nificant difference between the two groups.

Four studies reported on the incidence of new vertebral fractures.

These were mostly defined radiologically by an increase in vertebral

deformity. One trial that was presented in abstract form, referred

to new vertebral fractures reported (Roux 97). It is unclear whether

this refers to symptomatic fractures. One study found an increased

number of new fractures in the treatment group (VanCleemput

96), and three found a decreased number (Worth 94, Adachi 97,

Roux 97).

Risk of bias in included studies

The agreement between the two investigators regarding the

methodological quality of the trials was substantial, as indicated

by a kappa statistic of 0.73 (Sackett 1991). Where scores differed,

the average was used. Scores ranged from one to four with eight

trials scoring equal or higher than the median rating of two, and

five scoring lower than average. Six of the 13 trials were double

blinded studies. Nine studies were randomized, three used alter-

nate allocation and one abstract did not specify the method of

patient allocation.

Effects of interventions

Pooled analysis for lumbar and femoral neck BMD:

Results for lumbar spine and femoral neck at six and 12 months

were analyzed separately. The analysis of all trials reporting BMD

at the lumbar spine after 12 months of therapy showed statistically

significant heterogeneity. A random effects model was used, which

resulted in a weighted mean difference of 4.3%(95% CI 2.7, 5.9).

That is, on average, the treatment and placebo groups had a percent

change in bone density that differed by four percentage points.

Analysis of trials reporting lumbar BMD at six months resulted in

a weighted mean difference of 3.4%(95% CI 1.1, 5.8).

Results at the femoral neck for all trials reporting data at twelve

months just reached statistical significance. The weighted mean

difference was 2.1%(95% CI 0.01, 4.3). The data for change in

BMD at six months resulted in a non significant weighted mean

difference of 0.6 (95% CI -10.4, 11.7).

Sensitivity analysis for heterogeneity:

Sensitivity analyses were performed excluding those trials that were

methodologically different from the rest and were felt to contribute

to the majority of the heterogeneity in the analysis. These included

the trial involving cardiac transplant patients (VanCleemput 96),

the trial where QCT measurements were used (Reid 88), and the

trial where extremely osteoporotic patients were enrolled [Struy

95]. For the twelve month analysis at the lumbar spine, this resulted

in a weighted mean difference of 4.2% (95%CI 3.1, 5.3). For the

six month analysis, the resulting weighted mean difference was

4.7% (95%CI 2.6, 6.7). Analysis of the twelve month femoral neck

data were re-analyzed excluding the same heterogeneous trials,

resulting in a weighted mean difference of 1.1% (95%CI 0.02,

2.1). In the six month analysis, there were only two studies (

Struys 95, VanCleemput 96), both of which were excluded in the

sensitivity analysis.

Sensitivity analysis for primary vs. secondary prevention:

Sensitivity analysis was also used to compare primary versus sec-

ondary prevention in trials reporting data on lumbar spine at 12

months. Excluding the heterogeneous trials as before, the pri-

mary prevention trials showed a weighted mean difference of 4.4%

(95%CI 3.0, 5.8). The secondary prevention trials had a weighted

mean difference of 3.2% (95%CI 2.0, 4.5).

Sensitivity analysis for methodologic quality, BMD technique and

study duration:

A sensitivity analysis comparing those trials with higher median

vs. lower median methodologic quality was performed for change

in lumbar BMD at 12 months. There were only two trials in the

high quality subgroup, one of which was the trial utilizing QCT

to measure BMD, and the analysis resulted in a skewed estimate.

An analysis was performed, pooling the 12 month data at the

lumbar spine, excluding those studies that did not utilize DEXA to

measure BMD. Of the eight trials using DEXA, one was excluded

as it only reported two year data (Eastell 96), and another two were

excluded for methodological differences (Struys 95, VanCleemput

96). The remaining trials (Adachi 97, Jenkins 97, Mulder 94,
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Skingle 94, Wolfhagen 97) resulted in a weighted mean difference

of 4.8 (95%CI 3.7, 6.0).

In another analysis of lumbar BMD, all trials were pooled, in-

cluding two studies reporting two year data (Pitt 97, Eastell 96)

and one study only reporting 6 month data (Worth 94), with the

one year trials. This resulted in a weighted mean difference of

4.2%(95%CI 3.0, 5.4), using a random effects model.

Pooled analysis for fractures and adverse effects:

Four studies reported the number of participants with new ver-

tebral fractures. Symptomatic and asymptomatic fractures were

combined. The resulting odds ratio for the risk of new fracture

in the control group did not reach statistical significance: 0.76

(95%CI 0.37, 1.53).

Six studies reported withdrawals due to adverse effects. Half found

an increased number of withdrawals in the treatment group, and

half reported no dropouts in either group due to adverse effects.

Not all adverse effects were listed, but in those trials that did have

information, the major adverse effect was nausea. Odds ratio for

withdrawals for side effects could not be accurately estimated due

to the three trials reporting no dropouts in either group.

We analyzed the results of only controlled clinical trials. We in-

cluded studies that were only single blinded (in all cases outcome

assessor was blinded), because BMD is an objective measure, mea-

sured and calculated by machine, and we felt it unlikely that there

would be bias in the measurement on the basis of inadequate blind-

ing. We also included studies that used alternate allocation instead

of random allocation. Other investigators have found that non

randomized clinical trials can overestimate the magnitude of effect

by up to 40% (Schulz 1995). A sensitivity analysis comparing ran-

domized vs. non randomized studies of lumbar BMD resulted in

estimates of 4.0%(95%CI 2.9, 5.2) and 3.5%(95%CI 1.5, 5.6) re-

spectively. Excluding the three heterogeneous trials from the above

analyses, the point estimates were 3.8% and 4.6%. As the non

randomized studies underestimated the effect size in this analysis,

we felt it unnecessary to exclude them.

D I S C U S S I O N

This meta-analysis was performed to evaluate the efficacy of bis-

phosphonates in corticosteroid-induced osteoporosis. Bisphos-

phonates have been used successfully in post-menopausal osteo-

porosis (Storm 1990, Storm 1990), but the mechanisms of bone

loss are sufficiently different in corticosteroid-induced osteoporo-

sis to require independent review of their efficacy.

Osteopenia and osteoporosis are defined by the number of stan-

dard deviations a person’s bone mass differs from sex matched peak

bone mass (T score). Reference values for bone mass at the lumbar

spine in females, show that a 10% decrease in BMD constitutes

a fall by one standard deviation (Hologic Inc., Waltham, Mas-

sachusetts, USA). The results of this analysis showed a statistically

significant improvement in lumbar BMD in the subjects treated

with bisphosphonates, over the control group, with a weighted

mean difference of approximately 4%. Interventions that bring

about a 4% change in bone density would likely have a significant

impact on the T score. In studies of fracture prognosis, a BMD

decrease of one standard deviation has been shown to carry a sta-

tistically significant increased fracture risk (Marshall 1996).

We were interested in analyzing the primary and secondary pre-

vention trials separately as the two clinical scenarios are distinct.

The response to therapy appears to be greater in the primary pre-

vention as compared to secondary prevention trials. In general, the

primary prevention trials showed greater bone loss in the placebo

arm, with maintenance or small amounts of bone accrual in the

treatment arm. In contrast, the secondary prevention trials showed

a greater degree of accrual in the treatment arm, with less dramatic

bone loss in the placebo arm. This supports the belief that bone

loss is more prominent in the early stages of corticosteroid therapy,

with a slower rate of loss as therapy continues.

The trials included in this analysis were heterogeneous. Three tri-

als contributed significantly to the chi squared statistic for het-

erogeneity and were excluded in sensitivity analyses. The study

which showed continued rapid bone loss in the treatment group,

used a unique study population, (cardiac transplant recipients),

in whom other factors may contribute to bone loss [Vancleem-

put 96]. Several cohort studies have reported high rates of bone

loss in the first year after organ transplantation (Thiebaud 1996,

Sambrook 1994, McDonald 1991, Julian 1991). Bone loss was re-

lated to length of hospital stay in one study, prompting the authors

to conclude that immobility may be a contributing factor (Julian

1991). Cyclosporin A, which is routinely used in all transplant

recipients, has been shown to increase bone resorption in animal

models (Movsowitz 1988), and likely contributes to the excessive

bone loss seen in this population. This trial also treated the control

group but not the treatment group with vitamin D, which may be

another source of its different results. Another trial included in the

meta-analysis reported a large percentage of bone accrual in the

treatment group compared to other trials (Reid 88). This study is

the only one to use quantitative computed tomography to measure

bone density in the lumbar spine, which tends to isolate trabecular

bone, and may account for the more dramatic results seen. This is

also the only study that used pamidronate, and it is possible that

this bisphosphonate has greater efficacy than etidronate (used in

9 of the 11 studies), although this cannot be concluded from this

analysis. The third study (Struys 95) also reported a moderately

high degree of bone accrual, and due to the weight assigned, it

figured importantly in the heterogeneity calculations. This study

population was very osteoporotic at baseline (T score=-3.75), as

compared to all the other trials (T score -1 to -2), and it may be

that this population responds more vigorously to treatment, ex-
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plaining the magnitude of the effect size. The remaining studies

all reported a moderate degree of positive change, and a test of het-

erogeneity for this subset just fell short of statistical significance.

Excluding these studies did not change the magnitude of effect

size for changes at the lumbar spine, and the significance of the

result remained.

There was a statistically significant difference in femoral neck

BMD between the treatment and placebo groups, although the

effect size was small (2.1%). If corticosteroids had a minimal os-

teopenic effect at this site, one would not expect to see as much of

a treatment effect. Data from the placebo arms of the trials, how-

ever, show a similar magnitude of bone loss at both lumbar and

femoral neck. Heterogeneity in this series was prominent and most

studies reported bone loss in the treatment groups. After exclud-

ing the two heterogeneous trials, the effect size was smaller (1.4%)

although still statistically significant. It is generally believed that

corticosteroid-induced bone loss is not as prominent in cortical

bone [Rickers 84], and efficacy of bisphosphonates is not as dra-

matic at this site.

We included two studies which had two active treatment groups

(same intervention, different dosage). The results of both trials

suggest that the higher dosage is more efficacious. Both results were

included in the analysis as two separate studies, and this difference

in efficacy also contributed to the heterogeneity among trials.

We looked at both fixed and random effects models. Both mod-

els often resulted in similar pooled estimate, with the random ef-

fects model giving a larger confidence interval. The random effects

model is sometimes used when heterogeneity exists, in order to

provide a more conservative estimate of effect. All results are re-

ported with the random effects model to reflect our concern with

heterogeneity.

It is important to evaluate the effects of these drugs on fracture

prevention in these patients. Unfortunately, only four studies re-

ported fracture data, and the result was inconclusive. Since frac-

tures occur at a variable length of time after the onset of osteo-

porosis, it is not surprising that clinical trials of one year dura-

tion are unable to show significant differences between treatment

groups. Longer follow-up is required to ascertain the efficacy of

bisphosphonates in fracture prevention. A recent meta-analysis of

fracture risk for various levels of BMD has shown an increased

risk (odds ratio 1.5) for fractures at all sites with a BMD that is

only one standard deviation below peak bone mass [Marshall 96].

In the absence of fracture outcome data in most clinical trials of

osteoporosis, the intermediate outcome of BMD gives fair infor-

mation regarding fracture risk. It should be noted that the cor-

relation between BMD and fracture risk has been established in

post-menopausal osteoporosis and not corticosteroid-induced os-

teoporosis. Studies of bone resorbing agents that are able to achieve

the results presented here would be expected to have an impact on

vertebral fracture prevention.

One issue that is not addressed by any of the studies is the possi-

ble physiologic increase in BMD that may occur after cessation of

corticosteroid therapy. Cohort studies in patients with Cushing’s

disease suggest that bone metabolism may return to normal after

treatment of corticosteroid excess (Lufkin 1988). A randomized

controlled trial of adjunct prednisone therapy in 40 rheumatoid

arthritis patients showed that after discontinuation of prednisone

at six months, there was bone accrual at a rate of 5.3% in the

following six months (Laan 1993). A case series of six corticos-

teroid treated sarcoid patients reported that bone loss reversed

after exogenous steroids were discontinued (Rizzato 1993). One

must consider, however, that patients experience significant bone

loss and increased risk of fractures while on corticosteroid ther-

apy even if their condition improves following discontinuation of

corticosteroids. The above three studies do suggest, however, that

anti-resorptive therapy does not need to be continued beyond the

duration of corticosteroid therapy.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Bisphosphonates appear to be efficacious at preventing and treat-

ing corticosteroid-induced bone mineral loss at the lumbar spine.

There is a statistically significant treatment effect of bisphospho-

nates on femoral BMD, although the magnitude is smaller than

that seen at the lumbar spine. At this time long term effects regard-

ing efficacy beyond one year, or efficacy against spinal fractures

cannot be adequately established, except by extrapolation.

Despite these cautions, bisphosphonates remain a promising ther-

apy for preventing the significant osteoporosis associated with cor-

ticosteroid use. The data suggests that primary prevention is more

efficacious than secondary prevention.

Implications for research

Efficacy of bisphosphonates in the primary and secondary pre-

vention of corticosteroid-induced osteoporosis is well established.

More research needs to be conducted into prevention of corticos-

teroid-induced osteoporosis in organ transplant recipients.

Recommendations regarding the routine use of these medications

in patients on corticosteroids requires further research to answer

questions regarding cost-effectiveness.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Adachi 97

Methods Randomized clinical trial

Participants 116 patients with rheumatoid arthritis and polymyalgia rheumatica

Interventions Cyclic etidronate

400 mg

Outcomes Percent change in BMD at 12 months

Notes BMD measured by DEXA

Primary prevention

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Eastell 96

Methods Controlled clinical trial, allocation of patients not specified

Participants 80 patients with rheumatoid arthritis

Interventions Risedronate

2.5 mg/day

Outcomes Percent change in BMD at 24 months

Notes BMD measurement technique not specified

Secondary prevention

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear
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Jenkins 97

Methods Randomized clinical trial

Participants 28 patients with rheumatoid arthritis and polymyalgia rheumatica

Interventions Cyclic etidronate

400 mg

Outcomes Percent change in BMD at 6 and 12 months

Notes BMD measured by DEXA

Primary prevention

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Mulder 94

Methods Controlled clinical trial

Participants 20 patients with temporal arteritis

Interventions Cyclic etidronate

400 mg

Outcomes Percent change in BMD at 6 and 12 months

Notes BMD measured by DEXA

Primary prevention

Risk of bias

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate

Pitt 97

Methods Randomized clinical trial

Participants 49 patients with asthma, lupus and polymyalgia rheumatica

Interventions Cyclic etidronate

400 mg
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Pitt 97 (Continued)

Outcomes Percent change in BMD at 24 months

Notes BMD measured by DEXA

Secondary prevention

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Reid 88

Methods Randomized clinical trial

Participants 35 patients with asthma and collagen vascular disease

Interventions Pamidronate

150 mg/day

Outcomes Percent change in BMD from chart at 12 months

Notes BMD measure by quantitative CT

Secondary prevention

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Roux 97

Methods Randomized clinical trial

Participants 107 patients with rheumatoid arthritis and polymyalgia rheumatica

Interventions Cyclic etidronate

400 mg

Outcomes Percent change in BMD at 12 months

Notes BMD measurement technique not specified

Primary prevention

Risk of bias

13Bisphosphonates for steroid induced osteoporosis (Review)

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Roux 97 (Continued)

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Saag 97

Methods Randomized clinical trial

Participants 136 patients with rheumatic diseases

Interventions Alendronate

10 mg/day

Outcomes Percent change in BMD at 12 months

Notes BMD measurement technique not specified

Secondary prevention

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Skingle 94

Methods Randomized clinical trial

Participants 38 patients with polymyalgia rheumatica, temporal arteritis and chronic obstructive pulmonary disease

(COPD)

Interventions Cyclic etidronate

400 mg

Outcomes Percent change in BMD at 12 months

Notes BMD measured by DEXA

Secondary prevention

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate
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Struys 95

Methods Controlled clinical trial

Participants 39 patients with asthma, COPD and temporal arteritis

Interventions Cyclic etidronate

400 mg

Outcomes Percent change in BMD at 6 and 12 months

Notes BMD measured by DEXA

Secondary prevention

Risk of bias

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate

VanCleemput 96

Methods Controlled clinical trial

Participants 41 patients undergoing cardiac transplantation

Interventions Cyclic etidronate

400 mg

Outcomes Percent change in BMD at 6 and 12 months

Notes BMD measured by DEXA

Primary prevention

Risk of bias

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate

Wolfhagen 97

Methods Randomized clinical trial

Participants 12 patients with primary biliary cirrhosis participating in a trial of prednisone azathioprine vs placebo

Interventions Cyclic etidronate

400 mg
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Wolfhagen 97 (Continued)

Outcomes Percent change in BMD at 12 months

Notes BMD measured by DEXA

Primary prevention

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Worth 94

Methods Randomized clinical trial

Participants 33 patients with asthma

Interventions Etidronate

7.5 mg/day

Outcomes Percent change in BMD from chart at 6 months

Notes BMD measured by DPA

Secondary prevention

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Adachi 94 cohort study

Boutsen 97 poor accountability (<50%) of study participants; did not meet the inclusion criteria

Braun 83 bone biopsy data

Condon 78 cohort study
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(Continued)

Diamond 95 prospective cohort

Eggelmeijer 96 no subjects on steroids

Gallacher 92 cohort study

Geusens 97 low mean dose of corticosteroid

Gonelli 97 peripheral bone density measurement only

Krieg 96 not a controlled clinical trial

Reid 90 same study as Reid 1988, only biochemical data

Reid letter 88 biochemical data only

Sebaldt 96 retrospective cohort
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D A T A A N D A N A L Y S E S

Comparison 1. bisphosphonates vs placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 % change in femoral BMD at 6

months - all trials

2 80 Mean Difference (IV, Fixed, 95% CI) 3.94 [1.87, 6.01]

2 % change in femoral BMD at 12

months - all trials

7 489 Mean Difference (IV, Fixed, 95% CI) 0.78 [0.26, 1.30]

3 % change in femoral BMD at 12

months - homogeneous

5 408 Mean Difference (IV, Fixed, 95% CI) 0.52 [-0.01, 1.05]

4 % change in lumbar BMD at 12

months - all trials

10 572 Mean Difference (IV, Fixed, 95% CI) 4.14 [3.54, 4.75]

5 % change in lumbar BMD at 12

months - homogeneous trials

7 457 Mean Difference (IV, Fixed, 95% CI) 4.08 [3.45, 4.71]

6 % change lumbar BMD 12

months - quality high

2 151 Mean Difference (IV, Fixed, 95% CI) 4.03 [2.45, 5.60]

7 % change lumbar BMD 12

months - quality low

5 274 Mean Difference (IV, Fixed, 95% CI) 4.39 [3.62, 5.15]

8 % change in lumbar BMD 12

months - primary prevention -

all trials

6 324 Mean Difference (IV, Fixed, 95% CI) 4.06 [3.25, 4.86]

9 % change in lumbar BMD 12

months - secondary prevention

- all trials

7 410 Mean Difference (IV, Fixed, 95% CI) 3.45 [2.95, 3.95]

10 % change in lumbar BMD 12

months - primary prevention-

homogeneous

5 283 Mean Difference (IV, Fixed, 95% CI) 4.46 [3.63, 5.29]

11 % change in lumbar BMD

12 months - secondary

prevention- homogeneous

5 336 Mean Difference (IV, Fixed, 95% CI) 3.23 [2.71, 3.74]

12 % change in lumbar

BMD-DEXA

5 214 Mean Difference (IV, Fixed, 95% CI) 4.88 [4.06, 5.70]

13 % change in lumbar BMD 12

months - randomized - all trials

9 554 Mean Difference (IV, Fixed, 95% CI) 3.74 [3.06, 4.41]

14 % change in lumbar BMD 12

months - nonrandomized - all

trials

4 180 Mean Difference (IV, Fixed, 95% CI) 3.54 [2.99, 4.09]

15 % change in lumbar BMD

12 months - randomized -

homogeneous

8 519 Mean Difference (IV, Fixed, 95% CI) 3.70 [3.03, 4.38]

16 % change in lumbar BMD 12

months - nonrandomized -

homogeneous

2 100 Mean Difference (IV, Fixed, 95% CI) 3.47 [2.90, 4.04]

17 % change in lumbar BMD at 6

months - all trials

5 161 Mean Difference (IV, Fixed, 95% CI) 4.12 [3.40, 4.85]

18Bisphosphonates for steroid induced osteoporosis (Review)

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



18 % change lumbar BMD 6

months - homogeneous

3 81 Mean Difference (IV, Fixed, 95% CI) 4.55 [3.71, 5.39]

19 % change in lumbar BMD

within 2 years - all trials

12 722 Mean Difference (IV, Fixed, 95% CI) 3.63 [3.19, 4.06]

20 % change in lumbar BMD

within 2 years - homogeneous

trials

7 472 Mean Difference (IV, Fixed, 95% CI) 3.57 [3.10, 4.03]

21 % change lumbar BMD within

2 years - quality high

4 305 Mean Difference (IV, Fixed, 95% CI) 3.16 [2.59, 3.73]

22 risk of new vertebral fractures 4 298 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.76 [0.37, 1.53]

23 dropouts due to side effects 6 289 Peto Odds Ratio (Peto, Fixed, 95% CI) 6.01 [1.58, 22.93]

Analysis 1.1. Comparison 1 bisphosphonates vs placebo, Outcome 1 % change in femoral BMD at 6 months

- all trials.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 1 % change in femoral BMD at 6 months - all trials

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Struys 95 19 4.6 (4.4) 20 -1.5 (2.7) 80.9 % 6.10 [ 3.79, 8.41 ]

VanCleemput 96 19 -8.5 (8) 22 -3.3 (7.4) 19.1 % -5.20 [ -9.94, -0.46 ]

Total (95% CI) 38 42 100.0 % 3.94 [ 1.87, 6.01 ]

Heterogeneity: Chi2 = 17.63, df = 1 (P = 0.00003); I2 =94%

Test for overall effect: Z = 3.73 (P = 0.00020)

Test for subgroup differences: Not applicable

-10 -5 0 5 10

Favours Control Favours Treatment
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Analysis 1.2. Comparison 1 bisphosphonates vs placebo, Outcome 2 % change in femoral BMD at 12

months - all trials.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 2 % change in femoral BMD at 12 months - all trials

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Adachi 97 53 0.19 (4.95) 63 -1.67 (5.3) 7.8 % 1.86 [ -0.01, 3.73 ]

Roux 97 51 -1.28 (4.14) 56 -2.59 (5.01) 9.0 % 1.31 [ -0.43, 3.05 ]

Saag 97 69 0.22 (4.57) 67 -1.71 (4.58) 11.4 % 1.93 [ 0.39, 3.47 ]

Skingle 94 20 -1 (1) 18 -1 (1) 66.7 % 0.0 [ -0.64, 0.64 ]

Struys 95 19 6.8 (6.1) 20 -4.1 (3.1) 2.9 % 10.90 [ 7.84, 13.96 ]

VanCleemput 96 19 -8.9 (8.9) 22 -5.9 (6.3) 1.2 % -3.00 [ -7.79, 1.79 ]

Wolfhagen 97 6 -0.1 (3.7) 6 -1.5 (5.1) 1.1 % 1.40 [ -3.64, 6.44 ]

Total (95% CI) 237 252 100.0 % 0.78 [ 0.26, 1.30 ]

Heterogeneity: Chi2 = 54.00, df = 6 (P<0.00001); I2 =89%

Test for overall effect: Z = 2.93 (P = 0.0034)

Test for subgroup differences: Not applicable

-10 -5 0 5 10

Favours Control Favours Treatment
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Analysis 1.3. Comparison 1 bisphosphonates vs placebo, Outcome 3 % change in femoral BMD at 12

months - homogeneous.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 3 % change in femoral BMD at 12 months - homogeneous

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Adachi 97 53 0.19 (4.95) 62 -1.67 (5.3) 8.0 % 1.86 [ -0.02, 3.74 ]

Roux 97 51 -1.28 (4.14) 56 -2.59 (5.01) 9.4 % 1.31 [ -0.43, 3.05 ]

Saag 97 69 0.22 (4.57) 67 -1.71 (4.58) 11.9 % 1.93 [ 0.39, 3.47 ]

Skingle 94 20 -1 (1) 18 -1 (1) 69.6 % 0.0 [ -0.64, 0.64 ]

Wolfhagen 97 6 -0.1 (3.7) 6 -1.5 (5.1) 1.1 % 1.40 [ -3.64, 6.44 ]

Total (95% CI) 199 209 100.0 % 0.52 [ -0.01, 1.05 ]

Heterogeneity: Chi2 = 8.66, df = 4 (P = 0.07); I2 =54%

Test for overall effect: Z = 1.91 (P = 0.056)

Test for subgroup differences: Not applicable

-10 -5 0 5 10

Favours Control Favours Treatment
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Analysis 1.4. Comparison 1 bisphosphonates vs placebo, Outcome 4 % change in lumbar BMD at 12 months

- all trials.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 4 % change in lumbar BMD at 12 months - all trials

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Adachi 97 54 0.61 (3.97) 62 -3.23 (4.72) 14.6 % 3.84 [ 2.26, 5.42 ]

Jenkins 97 15 1.8 (1.57) 13 -3.7 (5.81) 3.4 % 5.50 [ 2.24, 8.76 ]

Mulder 94 10 1.42 (1.42) 10 -4.95 (2.02) 15.6 % 6.37 [ 4.84, 7.90 ]

Reid 88 16 19.5 (24) 19 -8.7 (30.5) 0.1 % 28.20 [ 10.13, 46.27 ]

Roux 97 51 0.3 (4.35) 56 -2.79 (4.71) 12.4 % 3.09 [ 1.37, 4.81 ]

Saag 97 69 2.78 (3.9) 67 -0.04 (3.27) 25.0 % 2.82 [ 1.61, 4.03 ]

Skingle 94 20 4.1 (3.6) 18 -0.8 (0.79) 13.9 % 4.90 [ 3.28, 6.52 ]

Struys 95 19 5.7 (5.2) 20 -3.4 (3.1) 5.0 % 9.10 [ 6.40, 11.80 ]

VanCleemput 96 19 -10.3 (7.2) 22 -7 (3.5) 2.9 % -3.30 [ -6.85, 0.25 ]

Wolfhagen 97 6 0.4 (2.2) 6 -3 (1.8) 7.1 % 3.40 [ 1.13, 5.67 ]

Total (95% CI) 279 293 100.0 % 4.14 [ 3.54, 4.75 ]

Heterogeneity: Chi2 = 52.83, df = 9 (P<0.00001); I2 =83%

Test for overall effect: Z = 13.44 (P < 0.00001)

Test for subgroup differences: Not applicable

-10 -5 0 5 10

Favours Control Favours Treatment
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Analysis 1.5. Comparison 1 bisphosphonates vs placebo, Outcome 5 % change in lumbar BMD at 12 months

- homogeneous trials.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 5 % change in lumbar BMD at 12 months - homogeneous trials

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Adachi 97 54 0.61 (3.97) 62 -3.23 (4.72) 15.9 % 3.84 [ 2.26, 5.42 ]

Jenkins 97 15 1.8 (1.57) 13 -3.7 (5.81) 3.7 % 5.50 [ 2.24, 8.76 ]

Mulder 94 10 1.42 (1.42) 10 -4.95 (2.02) 16.9 % 6.37 [ 4.84, 7.90 ]

Roux 97 51 0.3 (4.35) 56 -2.79 (4.71) 13.5 % 3.09 [ 1.37, 4.81 ]

Saag 97 69 2.78 (3.9) 67 -0.04 (3.27) 27.2 % 2.82 [ 1.61, 4.03 ]

Skingle 94 20 4.1 (3.6) 18 -0.8 (0.79) 15.1 % 4.90 [ 3.28, 6.52 ]

Wolfhagen 97 6 0.4 (2.2) 6 -3 (1.8) 7.7 % 3.40 [ 1.13, 5.67 ]

Total (95% CI) 225 232 100.0 % 4.08 [ 3.45, 4.71 ]

Heterogeneity: Chi2 = 16.20, df = 6 (P = 0.01); I2 =63%

Test for overall effect: Z = 12.69 (P < 0.00001)

Test for subgroup differences: Not applicable

-10 -5 0 5 10
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Analysis 1.6. Comparison 1 bisphosphonates vs placebo, Outcome 6 % change lumbar BMD 12 months -

quality high.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 6 % change lumbar BMD 12 months - quality high

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Adachi 97 54 0.61 (3.97) 62 -3.23 (4.72) 99.2 % 3.84 [ 2.26, 5.42 ]

Reid 88 16 19.5 (24) 19 -8.7 (30.5) 0.8 % 28.20 [ 10.13, 46.27 ]

Total (95% CI) 70 81 100.0 % 4.03 [ 2.45, 5.60 ]

Heterogeneity: Chi2 = 6.93, df = 1 (P = 0.01); I2 =86%

Test for overall effect: Z = 5.01 (P < 0.00001)

Test for subgroup differences: Not applicable

-10 -5 0 5 10

Favours Control Favours Treatment

Analysis 1.7. Comparison 1 bisphosphonates vs placebo, Outcome 7 % change lumbar BMD 12 months -

quality low.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 7 % change lumbar BMD 12 months - quality low

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Mulder 94 10 1.42 (1.42) 10 -4.95 (2.02) 25.0 % 6.37 [ 4.84, 7.90 ]

Saag 97 69 2.78 (3.9) 67 -0.04 (3.27) 40.1 % 2.82 [ 1.61, 4.03 ]

Skingle 94 20 4.1 (3.6) 18 -0.8 (0.79) 22.3 % 4.90 [ 3.28, 6.52 ]

Struys 95 19 5.7 (5.2) 20 -3.4 (3.1) 8.0 % 9.10 [ 6.40, 11.80 ]

VanCleemput 96 19 -10.3 (7.2) 22 -7 (3.5) 4.6 % -3.30 [ -6.85, 0.25 ]

Total (95% CI) 137 137 100.0 % 4.39 [ 3.62, 5.15 ]

Heterogeneity: Chi2 = 42.95, df = 4 (P<0.00001); I2 =91%

Test for overall effect: Z = 11.25 (P < 0.00001)

Test for subgroup differences: Not applicable

-10 -5 0 5 10
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Analysis 1.8. Comparison 1 bisphosphonates vs placebo, Outcome 8 % change in lumbar BMD 12 months -

primary prevention - all trials.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 8 % change in lumbar BMD 12 months - primary prevention - all trials

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Adachi 97 54 0.61 (3.97) 62 -3.23 (4.72) 26.1 % 3.84 [ 2.26, 5.42 ]

Jenkins 97 15 1.8 (1.57) 13 -3.7 (5.81) 6.2 % 5.50 [ 2.24, 8.76 ]

Mulder 94 10 1.42 (1.42) 10 -4.95 (2.02) 27.9 % 6.37 [ 4.84, 7.90 ]

Roux 97 51 0.3 (4.35) 56 -2.79 (4.71) 22.1 % 3.09 [ 1.37, 4.81 ]

VanCleemput 96 19 -10.3 (7.2) 22 -7 (3.5) 5.2 % -3.30 [ -6.85, 0.25 ]

Wolfhagen 97 6 0.4 (2.2) 6 -3 (1.8) 12.6 % 3.40 [ 1.13, 5.67 ]

Total (95% CI) 155 169 100.0 % 4.06 [ 3.25, 4.86 ]

Heterogeneity: Chi2 = 27.62, df = 5 (P = 0.00004); I2 =82%

Test for overall effect: Z = 9.84 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.9. Comparison 1 bisphosphonates vs placebo, Outcome 9 % change in lumbar BMD 12 months -

secondary prevention - all trials.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 9 % change in lumbar BMD 12 months - secondary prevention - all trials

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Eastell 96 40 1.4 (1.22) 40 -1.6 (1.57) 66.8 % 3.00 [ 2.38, 3.62 ]

Pitt 97 26 5.1 (5.1) 23 1 (7.19) 2.0 % 4.10 [ 0.57, 7.63 ]

Reid 88 16 19.5 (24) 19 -8.7 (30.5) 0.1 % 28.20 [ 10.13, 46.27 ]

Saag 97 69 2.78 (3.9) 67 -0.04 (3.27) 17.4 % 2.82 [ 1.61, 4.03 ]

Skingle 94 20 4.1 (3.6) 18 -0.8 (0.79) 9.7 % 4.90 [ 3.28, 6.52 ]

Struys 95 19 5.7 (5.2) 20 -3.4 (3.1) 3.5 % 9.10 [ 6.40, 11.80 ]

Worth 94 14 5.5 (8.9) 19 -4.6 (9.8) 0.6 % 10.10 [ 3.69, 16.51 ]

Total (95% CI) 204 206 100.0 % 3.45 [ 2.95, 3.95 ]

Heterogeneity: Chi2 = 34.41, df = 6 (P<0.00001); I2 =83%

Test for overall effect: Z = 13.43 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.10. Comparison 1 bisphosphonates vs placebo, Outcome 10 % change in lumbar BMD 12 months

- primary prevention- homogeneous.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 10 % change in lumbar BMD 12 months - primary prevention- homogeneous

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Adachi 97 54 0.61 (3.97) 62 -3.23 (4.72) 27.5 % 3.84 [ 2.26, 5.42 ]

Jenkins 97 15 1.8 (1.57) 13 -3.7 (5.81) 6.5 % 5.50 [ 2.24, 8.76 ]

Mulder 94 10 1.42 (1.42) 10 -4.95 (2.02) 29.4 % 6.37 [ 4.84, 7.90 ]

Roux 97 51 0.3 (4.35) 56 -2.79 (4.71) 23.3 % 3.09 [ 1.37, 4.81 ]

Wolfhagen 97 6 0.4 (2.2) 6 -3 (1.8) 13.3 % 3.40 [ 1.13, 5.67 ]

Total (95% CI) 136 147 100.0 % 4.46 [ 3.63, 5.29 ]

Heterogeneity: Chi2 = 10.25, df = 4 (P = 0.04); I2 =61%

Test for overall effect: Z = 10.53 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.11. Comparison 1 bisphosphonates vs placebo, Outcome 11 % change in lumbar BMD 12 months

- secondary prevention- homogeneous.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 11 % change in lumbar BMD 12 months - secondary prevention- homogeneous

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Eastell 96 40 1.4 (1.22) 40 -1.6 (1.57) 69.2 % 3.00 [ 2.38, 3.62 ]

Pitt 97 26 5.1 (5.1) 23 1 (7.19) 2.1 % 4.10 [ 0.57, 7.63 ]

Saag 97 69 2.78 (3.9) 67 -0.04 (3.27) 18.0 % 2.82 [ 1.61, 4.03 ]

Skingle 94 20 4.1 (3.6) 18 -0.8 (0.79) 10.0 % 4.90 [ 3.28, 6.52 ]

Worth 94 14 5.5 (8.9) 19 -4.6 (9.8) 0.6 % 10.10 [ 3.69, 16.51 ]

Total (95% CI) 169 167 100.0 % 3.23 [ 2.71, 3.74 ]

Heterogeneity: Chi2 = 9.70, df = 4 (P = 0.05); I2 =59%

Test for overall effect: Z = 12.34 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.12. Comparison 1 bisphosphonates vs placebo, Outcome 12 % change in lumbar BMD-DEXA.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 12 % change in lumbar BMD-DEXA

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Adachi 97 54 0.61 (3.97) 62 -3.23 (4.72) 26.7 % 3.84 [ 2.26, 5.42 ]

Jenkins 97 15 1.8 (1.57) 13 -3.7 (5.81) 6.3 % 5.50 [ 2.24, 8.76 ]

Mulder 94 10 1.42 (1.42) 10 -4.95 (2.02) 28.5 % 6.37 [ 4.84, 7.90 ]

Skingle 94 20 4.1 (3.6) 18 -0.8 (0.79) 25.5 % 4.90 [ 3.28, 6.52 ]

Wolfhagen 97 6 0.4 (2.2) 6 -3 (1.8) 12.9 % 3.40 [ 1.13, 5.67 ]

Total (95% CI) 105 109 100.0 % 4.88 [ 4.06, 5.70 ]

Heterogeneity: Chi2 = 7.07, df = 4 (P = 0.13); I2 =43%

Test for overall effect: Z = 11.70 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.13. Comparison 1 bisphosphonates vs placebo, Outcome 13 % change in lumbar BMD 12 months

- randomized - all trials.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 13 % change in lumbar BMD 12 months - randomized - all trials

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Adachi 97 54 0.61 (3.97) 62 -3.23 (4.72) 18.2 % 3.84 [ 2.26, 5.42 ]

Jenkins 97 15 1.8 (1.57) 13 -3.7 (5.81) 4.3 % 5.50 [ 2.24, 8.76 ]

Pitt 97 26 5.1 (5.1) 23 1 (7.19) 3.6 % 4.10 [ 0.57, 7.63 ]

Reid 88 16 19.5 (24) 19 -8.7 (30.5) 0.1 % 28.20 [ 10.13, 46.27 ]

Roux 97 51 0.3 (4.35) 56 -2.79 (4.71) 15.4 % 3.09 [ 1.37, 4.81 ]

Saag 97 69 2.78 (3.9) 67 -0.04 (3.27) 31.1 % 2.82 [ 1.61, 4.03 ]

Skingle 94 20 4.1 (3.6) 18 -0.8 (0.79) 17.3 % 4.90 [ 3.28, 6.52 ]

Wolfhagen 97 6 0.4 (2.2) 6 -3 (1.8) 8.8 % 3.40 [ 1.13, 5.67 ]

Worth 94 14 5.5 (8.9) 19 -4.6 (9.8) 1.1 % 10.10 [ 3.69, 16.51 ]

Total (95% CI) 271 283 100.0 % 3.74 [ 3.06, 4.41 ]

Heterogeneity: Chi2 = 16.83, df = 8 (P = 0.03); I2 =52%

Test for overall effect: Z = 10.86 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.14. Comparison 1 bisphosphonates vs placebo, Outcome 14 % change in lumbar BMD 12 months

- nonrandomized - all trials.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 14 % change in lumbar BMD 12 months - nonrandomized - all trials

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Eastell 96 40 1.4 (1.22) 40 -1.6 (1.57) 80.4 % 3.00 [ 2.38, 3.62 ]

Mulder 94 10 1.42 (1.42) 10 -4.95 (2.02) 13.0 % 6.37 [ 4.84, 7.90 ]

Struys 95 19 5.7 (5.2) 20 -3.4 (3.1) 4.2 % 9.10 [ 6.40, 11.80 ]

VanCleemput 96 19 -10.3 (7.2) 22 -7 (3.5) 2.4 % -3.30 [ -6.85, 0.25 ]

Total (95% CI) 88 92 100.0 % 3.54 [ 2.99, 4.09 ]

Heterogeneity: Chi2 = 46.57, df = 3 (P<0.00001); I2 =94%

Test for overall effect: Z = 12.56 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.15. Comparison 1 bisphosphonates vs placebo, Outcome 15 % change in lumbar BMD 12 months

- randomized - homogeneous.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 15 % change in lumbar BMD 12 months - randomized - homogeneous

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Adachi 97 54 0.61 (3.97) 62 -3.23 (4.72) 18.2 % 3.84 [ 2.26, 5.42 ]

Jenkins 97 15 1.8 (1.57) 13 -3.7 (5.81) 4.3 % 5.50 [ 2.24, 8.76 ]

Pitt 97 26 5.1 (5.1) 23 1 (7.19) 3.6 % 4.10 [ 0.57, 7.63 ]

Roux 97 51 0.3 (4.35) 56 -2.79 (4.71) 15.4 % 3.09 [ 1.37, 4.81 ]

Saag 97 69 2.78 (3.9) 67 -0.04 (3.27) 31.2 % 2.82 [ 1.61, 4.03 ]

Skingle 94 20 4.1 (3.6) 18 -0.8 (0.79) 17.4 % 4.90 [ 3.28, 6.52 ]

Wolfhagen 97 6 0.4 (2.2) 6 -3 (1.8) 8.8 % 3.40 [ 1.13, 5.67 ]

Worth 94 14 5.5 (8.9) 19 -4.6 (9.8) 1.1 % 10.10 [ 3.69, 16.51 ]

Total (95% CI) 255 264 100.0 % 3.70 [ 3.03, 4.38 ]

Heterogeneity: Chi2 = 9.78, df = 7 (P = 0.20); I2 =28%

Test for overall effect: Z = 10.75 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.16. Comparison 1 bisphosphonates vs placebo, Outcome 16 % change in lumbar BMD 12 months

- nonrandomized - homogeneous.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 16 % change in lumbar BMD 12 months - nonrandomized - homogeneous

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Eastell 96 40 1.4 (1.22) 40 -1.6 (1.57) 86.1 % 3.00 [ 2.38, 3.62 ]

Mulder 94 10 1.42 (1.42) 10 -4.95 (2.02) 13.9 % 6.37 [ 4.84, 7.90 ]

Total (95% CI) 50 50 100.0 % 3.47 [ 2.90, 4.04 ]

Heterogeneity: Chi2 = 16.03, df = 1 (P = 0.00006); I2 =94%

Test for overall effect: Z = 11.90 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.17. Comparison 1 bisphosphonates vs placebo, Outcome 17 % change in lumbar BMD at 6

months - all trials.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 17 % change in lumbar BMD at 6 months - all trials

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Jenkins 97 15 1.9 (1.65) 13 -1.3 (2.04) 27.4 % 3.20 [ 1.81, 4.59 ]

Mulder 94 10 1.1 (0.98) 10 -4.09 (1.42) 46.2 % 5.19 [ 4.12, 6.26 ]

Struys 95 19 2.7 (2.6) 20 -2 (2.7) 19.1 % 4.70 [ 3.04, 6.36 ]

VanCleemput 96 19 -7.7 (5.9) 22 -4.6 (3.3) 5.9 % -3.10 [ -6.09, -0.11 ]

Worth 94 14 5.5 (8.9) 19 -4.6 (9.8) 1.3 % 10.10 [ 3.69, 16.51 ]

Total (95% CI) 77 84 100.0 % 4.12 [ 3.40, 4.85 ]

Heterogeneity: Chi2 = 31.74, df = 4 (P<0.00001); I2 =87%

Test for overall effect: Z = 11.11 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.18. Comparison 1 bisphosphonates vs placebo, Outcome 18 % change lumbar BMD 6 months -

homogeneous.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 18 % change lumbar BMD 6 months - homogeneous

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Jenkins 97 15 1.9 (1.65) 13 -1.3 (2.04) 36.6 % 3.20 [ 1.81, 4.59 ]

Mulder 94 10 1.1 (0.98) 10 -4.09 (1.42) 61.7 % 5.19 [ 4.12, 6.26 ]

Worth 94 14 5.5 (8.9) 19 -4.6 (9.8) 1.7 % 10.10 [ 3.69, 16.51 ]

Total (95% CI) 39 42 100.0 % 4.55 [ 3.71, 5.39 ]

Heterogeneity: Chi2 = 7.88, df = 2 (P = 0.02); I2 =75%

Test for overall effect: Z = 10.61 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.19. Comparison 1 bisphosphonates vs placebo, Outcome 19 % change in lumbar BMD within 2

years - all trials.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 19 % change in lumbar BMD within 2 years - all trials

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Adachi 97 54 0.61 (3.97) 62 -3.23 (4.72) 7.6 % 3.84 [ 2.26, 5.42 ]

Eastell 96 40 1.4 (1.22) 40 -1.6 (1.57) 49.8 % 3.00 [ 2.38, 3.62 ]

Jenkins 97 15 1.8 (1.57) 13 -3.7 (5.81) 1.8 % 5.50 [ 2.24, 8.76 ]

Mulder 94 10 1.42 (1.42) 10 -4.95 (2.02) 8.1 % 6.37 [ 4.84, 7.90 ]

Pitt 97 26 5.1 (5.1) 23 1 (7.19) 1.5 % 4.10 [ 0.57, 7.63 ]

Reid 88 16 19.5 (24) 19 -8.7 (30.5) 0.1 % 28.20 [ 10.13, 46.27 ]

Roux 97 51 0.3 (4.35) 56 -2.79 (4.71) 6.4 % 3.09 [ 1.37, 4.81 ]

Saag 97 69 2.78 (3.9) 67 -0.04 (3.27) 13.0 % 2.82 [ 1.61, 4.03 ]

Skingle 94 20 4.1 (3.6) 18 -0.8 (0.79) 7.2 % 4.90 [ 3.28, 6.52 ]

Struys 95 19 5.7 (5.2) 20 -3.4 (3.1) 2.6 % 9.10 [ 6.40, 11.80 ]

VanCleemput 96 19 -10.3 (7.2) 22 -7 (3.5) 1.5 % -3.30 [ -6.85, 0.25 ]

Worth 94 14 5.5 (8.9) 19 -4.6 (9.8) 0.5 % 10.10 [ 3.69, 16.51 ]

Total (95% CI) 353 369 100.0 % 3.63 [ 3.19, 4.06 ]

Heterogeneity: Chi2 = 63.55, df = 11 (P<0.00001); I2 =83%

Test for overall effect: Z = 16.34 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.20. Comparison 1 bisphosphonates vs placebo, Outcome 20 % change in lumbar BMD within 2

years - homogeneous trials.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 20 % change in lumbar BMD within 2 years - homogeneous trials

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Adachi 97 54 0.61 (3.97) 62 -3.23 (4.72) 8.6 % 3.84 [ 2.26, 5.42 ]

Eastell 96 40 1.4 (1.22) 40 -1.6 (1.57) 56.9 % 3.00 [ 2.38, 3.62 ]

Mulder 94 10 1.42 (1.42) 10 -4.95 (2.02) 9.2 % 6.37 [ 4.84, 7.90 ]

Pitt 97 26 5.1 (5.1) 23 1 (7.19) 1.7 % 4.10 [ 0.57, 7.63 ]

Saag 97 69 2.78 (3.9) 67 -0.04 (3.27) 14.8 % 2.82 [ 1.61, 4.03 ]

Skingle 94 20 4.1 (3.6) 18 -0.8 (0.79) 8.2 % 4.90 [ 3.28, 6.52 ]

Worth 94 14 5.5 (8.9) 19 -4.6 (9.8) 0.5 % 10.10 [ 3.69, 16.51 ]

Total (95% CI) 233 239 100.0 % 3.57 [ 3.10, 4.03 ]

Heterogeneity: Chi2 = 24.40, df = 6 (P = 0.00044); I2 =75%

Test for overall effect: Z = 15.06 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.21. Comparison 1 bisphosphonates vs placebo, Outcome 21 % change lumbar BMD within 2

years - quality high.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 21 % change lumbar BMD within 2 years - quality high

Study or subgroup Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Adachi 97 70 0.61 (4.52) 71 -3.23 (5.06) 12.8 % 3.84 [ 2.26, 5.42 ]

Eastell 96 40 1.4 (1.22) 40 -1.6 (1.57) 84.5 % 3.00 [ 2.38, 3.62 ]

Pitt 97 26 5.1 (5.1) 23 1 (7.19) 2.6 % 4.10 [ 0.57, 7.63 ]

Reid 88 16 19.5 (24) 19 -8.7 (30.5) 0.1 % 28.20 [ 10.13, 46.27 ]

Total (95% CI) 152 153 100.0 % 3.16 [ 2.59, 3.73 ]

Heterogeneity: Chi2 = 8.62, df = 3 (P = 0.03); I2 =65%

Test for overall effect: Z = 10.94 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 1.22. Comparison 1 bisphosphonates vs placebo, Outcome 22 risk of new vertebral fractures.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 22 risk of new vertebral fractures

Study or subgroup Control
Peto

Odds Ratio Weight
Peto

Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Adachi 97 5/54 10/63 42.5 % 0.56 [ 0.19, 1.64 ]

Roux 97 4/51 5/56 26.9 % 0.87 [ 0.22, 3.39 ]

VanCleemput 96 5/19 2/22 19.2 % 3.28 [ 0.65, 16.42 ]

Worth 94 0/14 4/19 11.5 % 0.15 [ 0.02, 1.18 ]

Total (95% CI) 138 160 100.0 % 0.76 [ 0.37, 1.53 ]

Total events: 14 (), 21 (Control)

Heterogeneity: Chi2 = 5.90, df = 3 (P = 0.12); I2 =49%

Test for overall effect: Z = 0.78 (P = 0.44)

Test for subgroup differences: Not applicable
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Analysis 1.23. Comparison 1 bisphosphonates vs placebo, Outcome 23 dropouts due to side effects.

Review: Bisphosphonates for steroid induced osteoporosis

Comparison: 1 bisphosphonates vs placebo

Outcome: 23 dropouts due to side effects

Study or subgroup Control
Peto

Odds Ratio
Peto

Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Adachi 97 4/58 1/63 3.78 [ 0.63, 22.50 ]

Mulder 94 0/10 0/10 0.0 [ 0.0, 0.0 ]

Reid 88 0/16 0/19 0.0 [ 0.0, 0.0 ]

Struys 95 1/19 0/20 7.79 [ 0.15, 393.02 ]

VanCleemput 96 0/19 0/22 0.0 [ 0.0, 0.0 ]

Worth 94 3/14 0/19 12.36 [ 1.16, 131.50 ]

Total (95% CI) 136 153 6.01 [ 1.58, 22.93 ]

Total events: 8 (), 1 (Control)

Heterogeneity: Chi2 = 0.63, df = 2 (P = 0.73); I2 =0.0%

Test for overall effect: Z = 2.63 (P = 0.0087)

Test for subgroup differences: Not applicable

0.1 0.2 0.5 1 2 5 10

Favours Treatment Favours Control

W H A T ’ S N E W

Last assessed as up-to-date: 16 November 1998.

Date Event Description

19 September 2008 Amended Converted to new review format. C012-R

H I S T O R Y

Review first published: Issue 1, 1999

39Bisphosphonates for steroid induced osteoporosis (Review)

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



D E C L A R A T I O N S O F I N T E R E S T

None Known

S O U R C E S O F S U P P O R T

Internal sources

• University of Alberta, Edmonton, Canada.

• University of Ottawa, Ontario, Canada.

• McMaster University, Hamilton, Canada.

External sources

• No sources of support supplied

I N D E X T E R M S

Medical Subject Headings (MeSH)

Diphosphonates [∗therapeutic use]; Glucocorticoids [∗adverse effects]; Osteoporosis [∗chemically induced; ∗prevention & control]

MeSH check words

Humans

40Bisphosphonates for steroid induced osteoporosis (Review)

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


