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Abstract

Introduction

It has recently been stated that the degree of prophylaxis of corticosteroid-induced osteoporosis 

(CIOP) is low and effort should be put into determining reasons for non-prescribing of preventive 

agents. The aim of this study was to identify: how many studies adequately audit the prevalent 

guideline; the longitudinal trends in prevention of CIOP; which patient groups appear to be most 

undertreated; and which intervention strategies are effective.

Methods

We performed a comprehensive search of MEDLINE and systematically recorded the outcomes and 

quality of published studies, using five major criteria.

Results

Twenty-four studies were included in the analysis. The quality of the included studies was poor 

(31%) or moderate (37%). There was a longitudinal increase in quality of the studies and percentage 

of prevention. Multivariable linear regression showed that the quality of the study was the only 

independent predictor of the prevention rate reported in the study.

Conclusions

The results show undertreatment of CIOP might be due to insufficient quality of the studies rather 

than poor practice or failure to recognise the right patients. Future interventions should comply with 

five major quality criteria, and a multifaceted approach is required in order to make an impact on the 

underprescribing of CIOP prophylaxis.



Introduction

Corticosteroids (CS) are widely used for an extensive number of indications. They are used primarily 

for their anti-inflammatory and immunosuppressive effects in the treatment of many conditions 

including chronic obstructive airways disease, rheumatic disorders, inflammatory bowel disease and 

haematological disorders. Two cross sectional studies in the United Kingdom showed that 0.5-0.9% 

of the population were taking oral CS for periods longer than 3 months1,2. In the elderly ≥ 55 years 

this increased to 1.4%.

Corticosteroids have many side effects, including adrenal suppression, susceptibility to infection and 

increased insulin tolerance. Moreover, long term use is associated with bone fragility and an increased 

risk of fracture, predominantly in the elderly and patients using high doses3. Today, corticosteroid-

induced osteoporosis (CIOP) is probably the most common secondary type of osteoporosis4. It is 

estimated that as many as 50% of patients requiring long-term (≥ 3 months) CS will ultimately suffer 

fractures4,5.

Yood stated that the degree of prevention of CIOP is low and that research aimed at determining the 

degree of prophylaxis should no longer be performed6. Yood’s recommendations were to put more 

effort in determining the reasons for non-prescribing and selection of effective intervention strategies.

This paper systematically reviews studies conducted on the use of preventive medication in CS users 

with the aim to identify: 

1) how many studies adequately audit the prevalent guideline in that region; 

2) what are the longitudinal trends in prevention of CIOP; 

3) which patient groups appear to be most undertreated; and 

4) which intervention strategies appear to be the most effective. Analysis of studies 

 published in this domain may lead to a more effective intervention strategy.

Methods

To identify studies investigating the frequency of osteoporosis prevention in CS users a comprehensive 

MEDLINE search was conducted using the following combination of MESH-terms: “corticosteroids 

or glucocorticoids” and “osteoporosis” and “prevention or prophylaxis”. The search was limited to 

English language papers from 1990 to January 2007.

Papers describing original studies on prevention of CIOP in patients ≥ 18 years were selected 

independently by two of the authors (MD, MN). Additional references were identified from 

bibliographies from the selected studies.

Studies were included only if the primary endpoint of the study was the percentage of patients 

receiving preventive medication for CIOP. Studies were excluded from the review if no (retrievable) 

guideline was referenced in the published audit.
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Studies were also excluded if the minimum length of CS use for inclusion of patients was not stated 

in the methods of the article or was shorter than 3 months.

Studies were included and excluded after consensus was reached between 3 authors (MD, MN, 

EvR). A few studies have determined results of specific subgroups. Subgroup analyses were 

included separately if the methodology of a subgroup analysis met the inclusion criteria of our review. 

Data on study outcomes were extracted using a standardized data record form. Data extraction was 

performed separately for the included subgroups.

The following outcomes were recorded: the percentage of patients receiving bisphosphonates, 

percentage of patients receiving any “prescription only” prophylaxis (any treatment (any Tx)) excl. 

Calcium/Vitamin D (Ca/Vit D)), percentage of patients receiving any prophylaxis (any Tx incl. Ca/ Vit 

D)), and percentage of patients with a bone mineral density (BMD) measurement.

To assess study quality the following parameters were selected and recorded: 

1. Was the length of CS use for patient inclusion according to the guideline used in the study?

2. Was the minimum CS dose for patient inclusion according to the guideline used in the study?

3. Were the prophylactic treatments selected as endpoints according to the guideline 

 used in the study?

4. Were the BMD cut-off values of the guideline used for patient inclusion and exclusion?

5. Was the referenced guideline prevalent at time of patient inclusion? For example, 

 weren’t patients included before the referenced guideline was published? 

In order to assess the scientific quality of the studies three authors (MD, MN, EvR) independently 

judged the included studies using a standardized scoring-system. A guideline overview chart was 

constructed to assist in the assessment (Table 1). For each of the aforementioned quality parameters, 

a maximum of 1 point could be scored. The total score for each study was calculated (range: 0-5). A 

quality score of 0-2 was judged as poor, 3 as average, and 4-5 as good. Consensus was reached 

between the aforementioned authors in case of initial disagreement.

For the included studies we determined the year of data collection. If this was not stated we 

assumed data were collected in the year of publication. Scatter plots of the different outcomes were 

constructed, grouping the individual studies by year.

Statistics

All analyses were performed using SPSS® version 12 (SPSS, Chicago, IL United States). We used 

a composite endpoint for the studies: ‘overall treatment’: this was either any Tx (excl. Ca/Vit D) or 

any Tx (incl. Ca/Vit D), depending on which one was reported. In cases where both were reported 

any Tx (incl. Ca/Vit D) was used. We performed multivariable linear regression analyses to determine 

which factors contributed significantly to the composite endpoint ‘overall treatment’ for the studies.  



Table 1: Overview of guidelines on CIOP

Guideline Guideline  type Screening inclusion CS use Independent risk factors for treatment indication

≥ 6 
months

≥ 3
months

all dos-
ages

≥5mg/
day

≥7.5mg/
day

frac-
ture

BMD
T<-2.5

BMD
T<-1.5

BMD
T<-1

≥15mg/
day

≥ 65 
years

hypogo-
nadism

UK 9544 Consensus +  +   + +   +  men: 
Testos

ACR 9645 Consensus +  +   +   +   men: 
Testos

UK 9872 Consensus +    + +  +  + + HRT

NOS 9873 Consensus +    + +  +  + + HRT

NOS 9974 Consensus +    + +  +  + + HRT

SAfr 0075 Consensus +    +   +    HRT

ACR 0146 Consensus  +  +     +   HRT

Tas 0122 Consensus  +   + +  +  +  HRT

Green 0276 Consensus  +   + +  +    HRT

NOS 0277 EBM  + +   +  +   +  

Guideline Treatment 1st choice Treatment 2nd choice Calcium/ Vit D

HRT BIS
Calci-
triol

Calci-
tonin

Ralox-
ifen Fluoride HRT BIS

Calci-
triol

Calci-
tonin Fluoride all

depend-
ent on 
diet/ 

sunlight

UK 95 PMP only       + + +    

ACR 96 +   frac-
tures

   PMP 
only

 +  +  

UK 98  + + +  +       +

NOS 98  +       + +  +  

NOS 99 PMP only + +          +

SAfr 00  + +          +

ACR 01  +        only 
prevalent 
CS-users

 +  

Tas 01  +   +    +   +  

Green 02 PMP only +   +       +  

NOS 02 PMP only + + +         +

Abbreviations: CS: Corticosteroid; BMD: Bone Mineral Density; Testos: Testosterone; HRT: Hormone 

replacement therapy; PMP: Postmenopausal women; BIS: Bisphosphonates; Vit D: Vitamin D; UK: United 

Kingdom; ACR: American college of rheumatology; NOS: National osteoporosis society; SAfr: South Africa; 

Tas: Tasmania, Australia; Green: Greenwich, UK; EBM: Evidence Based Medicine;
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The variables that we assessed for the model were: number of subjects, mean/median age of 

population, % female, mean/median dose of CS (prednisolone equivalents in mg), mean/median 

length of therapy (months), the study quality score, and year of data collection. Where data was 

missing for the variables mean/median age of population, % female, and mean/median dose of 

CS (prednisolone equivalents in mg), the mean value of the known data was used for imputation. 

A variable was included in the model if univariate regression analysis resulted in a p-value <0.05. A 

p-value <0.05 was considered significant. 

Results

Overview of retrieved studies 

The initial Medline search retrieved 198 articles of which 36 were selected for full paper analysis. 

We retrieved 19 studies investigating the degree of prevention of CIOP and another 20 studies from 

references contained within these 19 studies. Of these 39 studies, 24 studies1,7-29 (Figure 1) and 8 

subgroup analyses7,12,14,18,20,22,25 met the inclusion criteria. 15 studies were excluded2,30-43. 

Table 2 describes the characteristics, study population, and osteoporosis prophylaxis of the 

24 studies identified. The average pharmacological prophylaxis rate was 31±25% (range 1-86) 

for bisphosphonates, 41±23% (range 7-86) for any antiresorptive treatment (excl. Ca/Vit D) and 

54±30% (range 11-93) for any treatment (incl. Ca/Vit D). 

Figure 2a provides an overview of the percentage of studies with the various quality scores. The 

median quality score of the studies was 3 (range 0-5). 10 (31%) studies were of “poor quality” [0-2], 

12 (37%) were of “average quality” [3] and 10 (31%) were of “good quality” [4-5]. 

Figure 1: Flowchart of article selection for review

198 studies identified via MEDLINE: 
screening title + abstract

Excluded
- 87 reviews
- 75 primary endpoint not in scope

Excluded
- 10 length of CS use not > 3 months
- 5 no guideline audited/retrieved

Excluded
- 17 primary endpoint not in scope

36 articles retrieved

19 + 20 from references = 39 articles
Data analysis

24 studies + 8 subgroup analyses
Data extraction



 Table 2: Study characteristics and results

Study 
(year of 

publication, 
publication 

type)

Number 
of 

Subjects
(% women)

Setting
Population

Mean/
Median 
CS dose 
(mg/day)

Minimal and
Mean/
Median 

Length of 
CS-use Prophylaxis

Guide-
line Methods Comments

Walsh 
(1996)1 

303 
(65)

Nottinghamshire, 
UK (1995) General 
practice patients+ 
hospital outpatient 
clinic

Mean = 8 
Median = 

6.8

≥3 months, 
3 years 
(0.3-37) 
(n=149)

Any Tx (excl. Ca/Vit D) = 9%
HRT = 8%
Calcium = 2%
Calcium+Vit D = 2%
Vitamin D = <1%
Bisphosphonates = 1%

UK, 
199544

Retrospective review 
of 65,786 patients 
from computerised 
GP records. Paper 
review of n=149

Bell
(1997)7

100 (NS) Hospital out-
patients taking 
at least 1g of 
prednisolone in 
the previous 6 
months, UK

9.8 (±6.1) ≥ 6 months, 
NS

Patients with diagnosis of 
osteoporosis (n=27): 
Any Tx (excl. Ca/Vit D) = 81% = 
22% of total.
Etidronate = 57% 
= 16% of total. 

UK, 
199544

Retrospective review 
of 4816 case notes 
of patients admitted 
to medical clinic

Data of 4 pts not 
specified in article. 
53% of pts where 
diagnosis of 
osteoporosis was 
not considered 
were not reviewed.

Buckley
(1999)8

147 (58) Hospital outpa-
tients, academic 
and associated 
veteran hospital, 
Virginia, USA, (Aug 
1997-Feb 1998)

10 (±6) ≥ 3 months, 
1-2 years

Any Tx (excl. Ca/Vit D) = 21%
Bisphosphonates = 7%
HRT = 40% (in PMP women, 
12% of total)
Calcium = 29%
Vit D/multivitamin = 45%

ACR, 
199645

≥5 mg/day identified 
through pharmacy 
records and then 
interviewed by phone

28% of patients re-
fused cooperation.
Any Tx incl. ca/
vit D= 40%, but 
vit D use is 45%. 
Any Tx couldn’t be 
reconstructed from 
original data.

Hougardy
(2000)17

NS (NS) Academic hospital 
inpatients Hobart, 
Australia (Sep 
1999-Jan 2000)

NS ≥ 6 months, 
NS

≥ 7.5 mg/day, ≥ 6 months:
Any Tx (incl. Ca/Vit D) = 65%
BMD = 40%

UK 
NOS, 

199873

Retrospective review 
of medical records 
of all patients using 
inhaled or oral CS

Rothberg
(2000)24

1614 (54) South Africa 
(1998)
Community 
patients

NS ≥ 3 months, 
NS

Any Tx (incl. Ca/Vit D) = 11%
Bisphosphonates = 3%
Calcium ± Vit D = 6%
HRT (women≥40 years) = 2%
Testosterone (men) = 0.4%

South 
Africa, 
200075

Retrospective review 
of patients’ pharma-
ceutical and clinical 
claims data

Both oral and 
inhaled CS, dose 
not specified.

Elliott
(2000)12

72 (0) Community 
veteran patients 
from hospital 
pharmacy data-
base, 
Wisconsin, USA 
(Apr-Oct 1997)

12.5 (7.5-
37.5)

≥ 6 months, 
30 (6-74) 
months

Bisphosphonates = 10%
Calcium±Vit D = 69%
BMD = 60%

Low T-score (-1): (n=32)
Any Tx (excl. Ca/Vit D) = 38%
Bisphosphonates = 22%

ACR, 
199645

Retrospective review

Naga-
nathan
(2000, 
letter)21

69 (NS) Rheumatology 
clinic outpatients, 
Australia 
(Apr-Oct 1998)

7 (5-75) ≥ 6 months, 
58 (6-445) 

months

Any Tx (incl. Ca/Vit D) = 18% UK, 
199872

Prospective cross 
sectional cohort 
study investigating 
the effect of steroids 
on fractures

BMD= 100% 
because of study 
protocol. 
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Study 
(year of 

publication, 
publication 

type)

Number 
of 

Subjects
(% women)

Setting
Population

Mean/
Median 
CS dose 
(mg/day)

Minimal and
Mean/
Median 

Length of 
CS-use Prophylaxis

Guide-
line Methods Comments

Osiri
(2000)23

365 
(59)

Academic hospital, 
outpatient clinic 
(Jun 1993-Apr 
1999)

11.4 (±6.7) ≥ 3 months, 
63 (±70) 
months

Any Tx (incl. Ca/Vit D) = 29%
Bisphosphonates = 10%
Calcium = 25%
Vit D = 13%
HRT = 6%
Calcitonin = 1%

ACR, 
199645

Retrospective review 
of medical records

Smith G
(2001, 
letter)26

15 (NS) Neurology 
department 
Myasthenia 
gravis ambulatory 
patients

26 (10-43)
In first 6 

months of 
CS-use

≥ 6 months, 
NS

Bisphosphonates = 73% UK 
NOS, 

199974

Retrospective review 
over 5 years of 
Myasthenia gravis 
patients

Patients included 
before guidelines 
came out. Cumula-
tive dose used

Lewis
(2001)18

18, 13 
need 

prophy-
laxis 
inde-

pendent 
of BMD 

(NS)

Myasthenia 
gravis ambulatory 
patients, Neurol-
ogy Department 
Cardiff, Wales, UK 
(Jul-Aug 1999)

Mean 16.6 
(7.5-40)

≥ 6 months, 
NS

Any Tx (incl. Ca/Vit D) = 89%
Bisphosphonates = 61%
Calcium = 17 %
Vit D = 11%
Prophylaxis required:
Any Tx (incl. Ca/Vit D) = 85%
Bisphosphonates = 54%

UK, 
199872

Retrospective audit 
of MG patients re-
ceiving ≥ 7.5 mg/day

Mudano
(2001)20

2378 
(63)

Members 
managed care 
organisation, USA, 
(Jan 1995-
Mar 1998)

Mean 
= 15.2 
(±13.7)

≥ 3 months, 
1.4 ± 1.3 

year

Any Tx (excl. Ca/Vit D) = 21%
Bisphosphonates = 8%
BMD = 9%

Women ≥ 50:
Any Tx (excl. Ca/Vit D) = 41%, 
Bisphosphonates = 16%
HRT: 23%
BMD 16%

ACR, 
199645

Retrospective review 
of medical and 
pharmacy claims 
database of 3 million 
patients

9% prior fracture, 
13% of all women 
already on HRT 
before CS. age 
≥ 80 year excluded, 
no minimum daily 
dose.

Ettinger
(2001)14

8807 
(60)

Health plan mem-
bers, Northern 
California, USA
(Jan 1997-
Dec 1999)

2-3g/yr 
(32%)

3-4 g/yr 
=(21%)
≥4g/yr 
(47%)

≥ 12 
months, NS

Bisphosphonates = 7.4%
BMD = 7.0%
Any Tx (excl. Ca/Vit D) = 8.8%

Women ≥65: 
Any Tx (excl. Ca/Vit D) =16.3%

ACR, 
199645

Retrospective review 
of pharmacy health 
plan database of 
232,782 members 
using CS

Exclusion of 
oncology patients. 
Minimum of 2 g 
cumulative dose 
within 12 months, 
excluded all pts 
already on preven-
tive medication 
(n=416)

Hart
(2002)16

92 (61) Hospital general 
Inpatients, Lon-
don, UK, (Jan-Sep 
1999)

13.6 ≥ 6 months, 
7 years

Any Tx (excl. Ca/Vit D) = 41%
Any Tx (incl. Ca/Vit D) = 61%
HRT = 14%
Bisphosphonates = 27%
Calcium±Vit D = 20%

UK 
NOS, 

199873

Prospective study. 
Review of medical 
records + 
Patient interview + 
questionaire.

51 patients quali-
fied for prophylaxis 
according to guide-
lines.
6% had ceased 
bisphosphonate 
use.



Study 
(year of 

publication, 
publication 

type)

Number 
of 

Subjects
(% women)

Setting
Population

Mean/
Median 
CS dose 
(mg/day)

Minimal and
Mean/
Median 

Length of 
CS-use Prophylaxis

Guide-
line Methods Comments

Erb
(2002)13

235
(ca. 1:2; 
male: 

female)

Rheumatology 
patients, 
West Midlands, UK

7.5-14.9 
(86%)

≥15 (13%)
3 pts 

unknown

≥ 6 months, 
NS

Any Tx (incl. Ca/Vit D) = 86%
Bisphosphonates = 47%
Calcium = 22%
Calcium+Vit D = 31%
HRT = 7.2%
Calcitriol = 0.9%
Testosterone = 0.4%
BMD = 43%

UK 
NOS, 

199873

Audit of 10 rheuma-
tology units during 
2 week period 
(1766 pts)

12% of pts had suf-
fered fracture.

According to guideline:
7% over-treated, 30% 
under-treated

Chattopad-
hyay

(2002, 
letter)9

60 (62) Northern Wales 
hospital inpatients, 
UK (may-July 
2001)

NS ≥ 6 months, 
NS

Any Tx (excl. Ca/Vit D) = 43%
Bisphosphonates = 40%
HRT = 3.3%

UK 
NOS, 

199873

Prospective review 
of prescription and 
medical records of 
308 patients

Solomon
(2002)27

106 (NS) Academic rheuma-
tology outpatients, 
Massachusetts, 
USA (Jan 1998- 
Feb 2000)

NS, ≥ 7.5 
mg/day

≥ 6 months, 
NS

≥ 7.5 mg ≥ 6 months: 
Any Tx (excl. Ca/Vit D) = 45%

ACR, 
200146

Review of medical 
records and medi-
cation lists of 623 
patients with diag-
nosis code of RA in 
Jan-Feb 1999

Dose determined 
on first visit of each 
quarter, no real use 
checked. 

Dolan 
(2004)11

201 
(59%; 
n=92)

General Practices, 
London, UK, 2001

Median 2-5 
mg/day 
(n=92)

≥ 3 months, 
2-5 years 

(n=92)

Overall:
Any Tx (excl. Ca/Vit D) = 43%

Intervention (n=21; 
BMD<-2.5):
Any  Tx (excl. Ca/Vit D) = 48%

Local76 Cross Sectional 
intervention study + 
Survey in 92 
patients not previ-
ously treated

All Dosages included. 
DXA cutt-off: T<-2.5. 
Only 0.12% of popula-
tion used CS. 

Naunton
(2004)22

120 (63) Academinc 
hospital general 
inpatients, Hobart, 
Australia (2002)

7.5 (3-100) ≥ 3 months, 
60 (3-372) 

months

Any Tx (incl. Ca/Vit D) = 57%
Bisphosphonates = 24%
Calcitriol = 15%
Calcium 19%
Vit D = 11%
Raloxifen = 1%
HRT = 14%
Testosterone = 2%

≥ 7.5 mg/day:
Any Tx (incl. Ca/Vit D) = 51%

Local22 Patient interview 
and medical records 
review. Educational 
intervention program.

All dosages included.

Walker-
Bone

(2004)29

124 (NS) Portsmouth, UK 
(Mar - Aug 2002)
Rheumatology 
outpatients

NS, 35% 
of pts used 
≥ 7.5 mg/

day

≥ 6 months, 
NS

Patients at high risk:
Any Tx (excl. Ca/Vit D) = 61%
Bisphosphonates = 56%
HRT = 6%

UK, 
199872

Retrospective 
review  of 1290 
NHS trust hospital 
outpatients of which 
189 (15%) were us-
ing CS. Case notes 
were reviewed.

Patients at high risk 
considering dose 
≥15mg or other risk 
factors, e.g. fracture, 
low BMD, early 
menopause, ≥65 years. 
7% of pts refused 
treatment.

Curtis
(2005)10

NS (NS) Members 
managed care 
organisation, USA, 
(2001-2003)

NS ≥ 3 months, 
NS

Women ≥ 50:
Any Tx (excl. Ca/Vit D) = 62%
Bisphosphonates = 31%
BMD = 42%

ACR, 
200146

Retrospective 
review of Medical 
and pharmacy 
claims database of 
3 million patients

Ca/Vit D only in survey 
responders (38%).
Dose limit not clear.
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Study 
(year of 

publication, 
publication 

type)

Number 
of 

Subjects
(% women)

Setting
Population

Mean/
Median 
CS dose 
(mg/day)

Minimal and
Mean/
Median 

Length of 
CS-use Prophylaxis

Guide-
line Methods Comments

Feldstein
(2005)15

3031 
(60)

Members Health 
Maintenance 
Organization, USA
(Jan 2000 - Dec 
2001)

20 (±16.5), 
≥5 mg/day

≥ 3 months, 
NS

Any Tx (excl. Ca/Vit D) = 38% 
(women 57%, men 9%)
Bisphosphonates + SERMS 
+ Calcitonin = 15% (women 
18%, men 9 %)
HRT = 46% (women, total 
= 28%)
BMD = 10% (women 13%; 
men 5%)

ACR, 
200146

Retrospective 
review of Electronic 
administrative clini-
cal database with 
450,000 members. 

9% had osteoporosis 
diagnosis, 9% previous 
fracture. Treatment 
only determined within 
6 months of start 
of CS.

Lozsadi
(2006)19

48 (46) General Neurol-
ogy practice, UK 
(2003)

Mean =
44 mg 

(7.5-100)

≥ 3 months, 
NS

Any Tx (incl. Ca/Vit D) = 92%
Any Tx (excl. Ca/Vit D) = 86%
Bisphosphonates = 86%
Calcium+Vit D = 6%

UK 
NOS, 

199873

3 years post 
intervention.
audit, Prospective 
review of pharmacy 
discharge records 
and outpatient 
prescriptions of 
prednisolone and 
medical records.

No routine access to 
DXA-scans. Determi-
nation of average daily 
dose not clear.

Saag
(2006)25

NS (NS) Members form 
private insurance 
or medicare risk 
plan, USA
(Jan 1996 - Dec 
2001)

NS, ≥ 7.5 
mg/day

≥ 6 months, 
NS

Women ≥ 50: 
Any Tx (excl. Ca/Vit D) = 39%
Bisphosphonates + SERMS + 
Calcitonin = 15%.

ACR, 
200146

Retrospec-
tive review of 
pharmaceutical 
and medical claims 
database for 7 mil-
lion individuals form 
20 US states. 3125 
patients included in 
total study.

BMD reimbursement 
after 1997. New users 
only (no CS 12 months 
before index date). De-
termination of average 
daily dose not clear: 2 
claims of oral CS use 
within 6 months for 
inclusion. BMD from 12 
months prior to start 
CS. Prophylaxis only 
if started within 12 
months after start CS.

Solomon
(2006)28

45 (NS) Academic Hospital 
Rheumatology 
Department outpa-
tients, Boston, USA 
(2003-2004)

NS ≥3 months, 
NS

CS ≥ 5 mg/day ≥3 months: 
Any Tx (excl. Ca/Vit D) = 40%
BMD = 51%
BMD or Any Tx = 64%

ACR, 
200146

Randomized selec-
tion of RA patient 
retrospective review 
of medical records. 
Inclusion during 2 
months window 
after educational 
+ case-finding 
intervention

All dosages. 5% of pts 
had osteoporosis or 
fracture.
Drug use data from 
rheumatologist notes.

Abbreviations: CS: Corticosteroid; Any Tx: Any prophylaxis for CIOP incl. Ca/Vit D; NS: Not specified in article; Ca: Calcium; 

Vit D: Vitamin D; HRT: Hormone replacement therapy; PMP: Postmenopausal; RA: Rheumatoid Arthritis; DXA: Dual Energy X-ray 

Absorptiometry for Bone Mineral Density (BMD) Measurement; SERMS: Selective estrogen receptor modulators;



Only 3 (9.4%) studies scored the maximum of 5 

quality points. Table 3 provides an overview of the 

various quality parameters for each study. Failure 

to use BMD cut-off values for patient in- and 

exclusion was the most frequently non-compliant  

parameter with guideline recommendations, 

with only 9 (28%) studies complying. Secondly, 

the presented pharmacological endpoint in 

16 studies (50%) was not entirely matching 

the guidelines 1st and 2nd drugs of choice. For 

example, eight studies presented the end-

points including calcium and vitamin D, and 

“any treatment” (excl. Ca/Vit D) couldn’t be 

recalculated from the presented data12,13,17,20-24. 

Figure 2b shows the longitudinal trend in the study quality with univariate linear regression analysis 

demonstrating that this trend was significant (p=0.04).

Longitudinal patterns of prophylaxis Figure 2b:  Longitudinal patterns of 
quality of studies
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Figure 3a specifically addresses the longitudinal 

trends in the use of bisphosphonates. There has 

been a significant (p<0.01) increase in the use 

of bisphosphonates from 1995 to 2003 from ap-

proximately 1% to 57%. Figure 3b shows a simi-

lar significant trend from approximately 25% to 

67% (p=0.03) for the composite endpoint ’overall 

treatment’. 

Predictors of study outcome

Figure 4 shows there is a significant (p<0.01) 

relationship between the study quality and the 

number of patients receiving ‘overall treatment’. In 

univariate linear regression the parameters mean dose (p<0.05), number of subjects (p<0.05), year 

of data collection (p<0.05) and study quality score (p<0.01) showed a significant relationship with 

the aforementioned endpoint. Imputation of missing data had no influence on the outcome of the 

analyses. 

Multivariable linear regression using all significant variables from the univariate analysis shows that 

study quality score is the only significant (p<0.01) positive predictor of the prevention rate reported 

      Figure 2a:  Overview of quality of
                        studies (n=32)
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in the study (i.e. increase study quality, increase % of prevention). There was a trend towards 

significance for the number of subjects as a negative predictor (i.e. increase number of subjects, 

decrease % of prevention). The mean CS dose was missing in 57% of the cases and when the 

average dose of 14.9 mg/day was used for imputation in the multivariable analysis, the study quality 

was still a significant positive predictor (p=0.02), together with mean dose (p<0.05), whereas 

number of subjects was a negative predictor (p=0.02). 
Figure 3a:  Longitudinal patterns of           

bisphosphonate use for 

CIOP
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Factors influencing prophylaxis

Table 4 shows the factors positively associated with 

prophylaxis of CIOP as mentioned in the included 

studies. Female sex, older age, previous fracture 

and rheumatology patients are the factors most often  

associated with higher prevention rates. Female sex 

was a positive predictor in all studies except for the 

study from Ettinger et al.14. This study stratified the 

multivariable analysis by sex because females were 

receiving significantly more prophylactic agents 

compared to men. Therefore, female sex was not an 

outcome in their regression analysis.

Effectiveness of interventions  Figure 3b:  Longitudinal patterns of  

any prophylaxis for CIOP
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Two of the included studies in this review studied the 

effects of a specific intervention on CIOP-prophylaxis. 

In the study by Naunton et al.22 a comprehensive 

educational intervention was undertaken, aimed to 

increase the use of pharmacological prevention for 

osteoporosis in patients with prolonged use of CS. 

General practitioners, pharmacists, and patients  

were educated. There was a four-fold increase in 

bisphosphonate use (in hospitalized patients) from  

6% before the intervention to 24% following the  

intervention.

More recently, Lozsadi et al. performed a post-

intervention audit on a small group (n = 48) of neurology 

patients who were using high dose (mean dose 44mg/day) oral CS (≥ 7.5 mg, ≥ 3 months)19. The 

intervention comprised of a discussion with medical staff about the prevalent guideline and results 

of a pre-intervention study (2000) which showed that 40% of patients were being treated with 

p=0.03

p<0.01%
%



Table 3: Overview of compliance to quality parameters per study

Study A B C D E Total Quality 

score

Elliott12; T-score <-1 yes yes yes yes yes 5

Lewis26; Treatment independent of BMD yes yes yes yes yes 5

Walker-Bone29 yes yes yes yes yes 5

Dolan 11; BMD<-2.5 yes no yes yes yes 4

Hart16 yes no yes yes yes 4

Lewis18 yes yes yes no yes 4

Saag25; Women ≥ 50 year yes yes yes no yes 4

Smith G26 yes yes no yes yes 4

Solomon 200227 yes yes yes no yes 4

Solomon 200628 yes yes yes no yes 4

Bell7; Diagnosis of osteoporosis yes no yes yes no 3

Curtis10 yes no yes no yes 3

Dolan11 yes no yes no yes 3

Elliott12 yes yes no no yes 3

Erb13 yes yes no yes no 3

Ettinger14 yes yes no no yes 3

Ettinger14; Women ≥ 65 year yes yes no no yes 3

Feldstein15 no yes yes no yes 3

Hougardy17 yes yes no no yes 3

Lozsadi19 no yes yes no yes 3

Naunton22; ≥ 7.5 mg/day yes yes no no yes 3

Saag25 yes yes no no yes 3

Bell7 yes no no yes no 2

Buckley8 no yes no no yes 2

Chattopadhyay9 no no yes no yes 2

Naganathan21 yes no no no yes 2

Naunton22 yes no no no yes 2

Mudano20 no yes no no no 1

Mudano20; Women ≥ 50 year no yes no no no 1

Osiri23 no yes no no no 1

Walsh1 no no yes no no 1

Rothberg24 no no no no no 0

Total scored yes 23 21 16 9 24

A. Was the length of CS use for patient inclusion according to guideline?

B. Was the minimum dosage for patient inclusion according to guideline?

C. Were the prophylactic treatments selected as endpoint according to guideline?

D. Were the BMD cut-off values of the guideline used for patient in- and exclusion?

E. Was the referenced guideline prevalent at the time of patient inclusion?
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bisphosphonates (first line therapy). It should be noted that although the intervention recommended 

risedronate or alendronate in the first post-intervention 

Figure 4:  Relation between study 

quality and any prophy-

laxis for CIOP

quality
543210

A
ny
_T
x_
ov
er
al
l

100,0

80,0

60,0

40,0

20,0

0,0

.

Page 1

audit (2001) etidronate use surprisingly 

increased to 67% (36% pre-intervention). The overall 

use of any prophylaxis was very high (92%) in the  

2nd post-intervention audit (2003) and the use of 

bisphosphonates was also very high (86%; 82% 

alendronate). The authors in this paper state that 

access to DXA was not routinely available and it may 

be possible that some patients treated with a 

bisphosphonate did not require it, although given the 

high mean dose this is unlikely.

Discussion

In 1995 the UK were the first to publish guidelines 

for the management of CIOP44. Other countries 

including the USA45,46, Australia47, Belgium48, and The 

Netherlands49,50 have since then developed similar 

guidelines. Many studies have published results suggesting undertreatment of the prevention of 

CIOP. The first studies in the UK (199540, 19961) demonstrated that as few as 1% of patients on CS 

were receiving effective treatments such as bisphosphonates. The poor prevention was probably 

due to, lack of regulatory approval for any agent specifically for use in CIOP, lack of reimbursement, 

lack of dissemination of guidelines, lack of BMD-testing, concerns of side-effects for newly-registered 

medication, and a lack of studies demonstrating efficacy of bisphosphonates to reduce fracture risk 

at that time.

In addition, only surrogate markers for fracture risk (BMD measurements) were available at that time 

demonstrating that etidronate might be effective in the prevention and treatment of CIOP51-55. In 

1998, Saag et al. published the first randomized trial demonstrating that alendronate was effective 

in increasing BMD in patients with CIOP56. This was followed by Reid et al. in 2000, showing 

that risedronate reduced vertebral fractures in CIOP patients57. Similar results were produced for 

alendronate and reported by Adachi et al. in 200158. Alendronate and risedronate were only approved 

by the FDA and in Europe for prevention of CIOP in 1999 and 2000 respectively59,60. Collectively, 

these events must explain why patients treated with long-term CS have appeared undertreated with 

bisphosphonates.

Study Quality

We retrieved 39 studies determining the prophylaxis rate for CIOP, of which 24 used a published 

guideline for their audit and included patients using long-term CS. The median quality score of 

p<0.01

%



these studies was 3 (range 0-5) and only 9.4% of the included studies used all 5 major criteria for 

prophylaxis decision making regarding the in- and exclusion criteria of their patients. This means that 

in only 9.4% of studies all included patients needed prophylaxis according to the guideline. In 72% 

of studies BMD data were not available or not taken into account, although most CIOP guidelines 

use BMD cut-off values for clinical decision making. This is also stated in the article by Curtis et al.10, 

showing that absolute DXA-rates remain low, although a temporal improvement was present. 

The results of our review show there is a significant relationship between the study quality and 

the reported percentage of patients receiving CIOP-prophylaxis. This raises the question whether 

prevention rates are really so low. Although year of study was not a significant factor in our multivariable 

analysis, longitudinal trend analysis did show an improvement in CIOP prophylaxis, which coincides 

with an improvement in study quality. The study by Curtis et al.10 showed that with the rise of DXA 

testing rates the prophylaxis-rate also improved, although a direct relation between these parameters 

was not presented. Our univariate regression analysis (data not shown) did not show a significant 

relation between the percentage of patients receiving DXA and the prophylaxis-rate.

In order to improve study quality and provide an audit standard we suggest to take the following 

points into account:

•	 Studies	should	determine	 the	degree	of	prevention	using	 treatments	mentioned	 in	 the	prevalent	

guideline excluding Ca/Vit D, since calcium and/or vitamin D monotherapy are not considered 

Table 4: Factors influencing prophylaxis for CIOP from multivariable logistic regression analysis

study Higher 

age

White

race

Higher 

daily 

dose

Higher 

cumulative 

dose

BMD 

known

Female 

sex

PMP Longer 

duration of 

CS use

>1 

comor-

bidity

Fracture ≥ 3 

months 

≥ 5mg/day

Rheum 

patients

Buckley8 + + +

Mudano20 + + +

Ettinger14

+
+ 

(g/year)
+

Solomon 

(2002)27
+ + +

Curtis10

+
+ 

(≥50 year)
+ +

Saag25 + + + + +

Solomon 

(2006)28
+ + + +

Osiri23 + + + + +

Abbreviations: BMD: Bone Mineral Density; PMP: Postmenopausal; Rheum: Rheumatology; + represents 

more prophylaxis than reference group.
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effective options for the prophylaxis of CIOP in any of the guidelines (Table 1). Multiple studies suffer 

from the fact that it is not clear what percentage of the patients receive calcium and/or vitamin D.

•	 There	 is	no	clear	guidance	on	 the	 risk	of	 inhaled	CS	and	therefore	studies	should	not	 include	

patients on monotherapy inhaled CS therapy until further evidence on the risk is available. De 

Vries et al, using a large population database, have recently shown that inhaled CS is not an 

independent risk factor for fracture61. Furthermore, efficacy of preventive treatment has not been 

clearly established. Hence, the degree of CIOP prevention is not as low as some report. For 

example, in the study by Rothberg et al.24 the authors included subjects on monotherapy inhaled 

CS. However, monotherapy inhaled CS are not included in most CIOP guidelines, but were 

mentioned as risk factor for the development of CIOP in the South African general osteoporosis 

guideline62 and Australian guidelines47.

•	 Studies	 should	also	determine	what	percentage	of	patients	 refuse	 treatment	or	become	non- 

adherent to therapy. In the study from Walker-Bone et al.29 it was shown that 7% of patients refused 

treatment. Finally, the studies by Hart et al. and Smith et al. showed that 6% and 10%, respectively, 

of patients had ceased preventive therapy, although the duration of use was not specified16,41. In 

the other studies reviewed, the outcomes are not reported consistently: either the percentage of 

patients that are offered treatment by their prescriber or the percentage of patients that actually 

use it. Adherence to osteoporosis treatment has been shown to be a problem in the management 

of postmenopausal osteoporosis with studies reporting persistence of bisphosphonate therapy 

after one year as low as 24-45%63,64. Also, in some countries (e.g. Australia, but not in the UK or 

The Netherlands) reimbursement might play a role in the initial prescribing and persistence with 

CIOP prevention/treatment22. 

•	 CIOP	guidelines	generally	consist	of	multiple	decision	making	steps	for	the	clinician	to	consider	in	

the management of the patient. Thus, in order to determine the degree of prophylaxis according 

to the guideline of the population at risk, preferably, all the risk factors needed to make a clinical 

decision should be considered. For example, the study by Walker-Bone et al.29 presented the 

results of adherence to the guideline using the guideline-flowchart. The results actually describe 

the clinical pathway followed. This way it is very easy to grasp the critical steps in the decision 

making process that need to be targeted for an intervention study. We acknowledge this requires 

a lot of data gathering, but it enhances the quality of the study. The study by Elliott et al. in male 

veterans shows the influence of the selection of an endpoint on the outcomes of the study12. 

Of the 32 men with low bone mass only 38% were treated (22% used bisphosphonates). 19 

of the 32 patients with DXA-documented low bone mass had contraindications to testosterone 

treatment. Testosterone was measured in 7 of the 13 men who did not have contraindications 

to therapy. Only one man was hypogonadal and was treated with testosterone. This illustrates 

eloquently that although treatment with bisphosphonates was low, adherence to the guideline45 

was actually higher than reported (18/32=56%).



•	 Studies	should	exclude	patients	using	CS	intermittently.	In	the	study	by	Bell	et al. for example, the 

cumulative dose within a certain timeframe was determined, instead of the average daily dose7. 

Other studies have also included patients with only multiple courses of CS per year41,43. This 

may lead to inclusion of patients using a high dose in a short period of time (e.g., <3 months or 

<6 months, depending on the guideline)65 and who may not strictly qualify for CIOP prophylaxis 

according to the guideline. The study by Hougardy et al. demonstrated, quite logically, that the 

degree of prevention is highly dependent on the inclusion criteria17. For example, in their study of 

all CS users only 21% used any treatment. However, in those patients using CS ≥ 7.5 mg/day for 

≥ 6 months 65% used any treatment. This clearly demonstrates that study methods, more than 

doctor’s compliance to the guideline, determine the outcome of the study.

Longitudinal Patterns

Because of the heterogeneity of the studies we cannot precisely assess the longitudinal patterns 

of prophylaxis. However, our results clearly show a trend towards a greater degree of osteoporosis 

prophylaxis in CS users in more recent years. It needs to be taken into account that the guidelines 

have also changed. A few recent studies conducted in the USA have determined longitudinal 

patterns in their population10,25,27,28,42. Therefore, longitudinal patterns of CIOP prophylaxis from other 

areas still need to be assessed. In the study by Curtis et al. the authors didn’t adjust for any change in 

guidelines which occurred during the study period10. The American College of Rheumatology (ACR) 

guideline recommendations on minimal length of CS use changed from six to three months between 

1996 and 2001 (Table 1). Since the study included all patients using CS for more then 90 days, 

patients in the 1995-1998 group that may not have complied with guideline recommendations and 

thoughtfully received no treatment by physicians might have been included. Therefore, prophylaxis 

rates could appear lower than they actually were according to guidelines.

Factors influencing prophylaxis

It is clear that the most dominant factor for receiving prophylaxis is female sex. Men appear systematically 

undertreated, which has also been shown in studies examining primary osteoporosis66. Clearly, health 

professionals now need to focus more attention on men. However, greater public awareness directed 

at men will also be required. Other groups that need more attention include younger patients and 

patients without fractures that need prophylaxis according to guidelines. Prescribers may be reluctant 

to initiate CIOP prophylaxis in younger patients, particularly females because bisphosphonates 

have a long half-life and are contraindicated in pregnancy. Alternatively, younger patients may not 

be willing to accept that they are at risk for fractures and refuse to initiate preventative therapy. 

Moreover, the absolute fracture risk in younger patients is lower and therefore the threshold for 

treatment is higher in some guidelines. For example in the Dutch guidelines the threshold for treatment 

in premenopausal women and men < 70 years of age is 15mg/day of prednisolone equivalents49,50. 
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In addition, the increasing reports of osteonecrosis of the jaw67,68 might also hinder prescribers to 

initiate treatment in younger patients who may require future dental treatment.

Intervention studies should preferably be carried out in the general population where undertreatment 

appears more common compared to rheumatology patients.

Intervention strategies

This review shows that the number of studies on the efficacy of different intervention strategies is 

low, since only 2 studies could be included. Two studies were excluded, which had, moreover, no 

effect on the prescribing of anti-resorptive agents37,42.

The two included studies were multifaceted, the main component being education of general 

practitioners, pharmacy staff and patients22 or a small group of specialists19, respectively. Both 

studies used a historic control group. Therefore it remains unclear what the real effects of these 

interventions were. Moreover, the increase of etidronate in the study by Lozsadi et al.19 use instead 

of the recommended alendronate or risedronate raises the question as to whether the increase 

was a result of the intervention or of some other factor(s) such as promotion of etidronate by the 

pharmaceutical industry at that time or changes in drug formularies favouring etidronate69.

It is our opinion that intervention strategies must be multifaceted70 and directed at educating prescribers 

of CS, informing patients when prescribing long-term therapy, and regularly informing patients at the 

moment of dispensing about the effects of CS on bone. We advocate that this can only be effectively 

done in a regional setting. National and regional health-care structures have to be used to compose 

a multidisciplinary team of professionals leading the interventions on the local level71. Furthermore, 

prescribers can be logistically supported by pharmacists, who make CIOP part of their pharmaceutical 

care program. Alerting/reminding prescribers for the need to consider CIOP prophylaxis after dispensing 

CS ≥ 3 months if the patient is not using adequate prophylaxis, might be effective. This is the scope 

of our ongoing research. In addition, reminders could be built into physicians’ prescribing programs to 

alert them to consider osteoporosis prophylaxis in patients using long-term CS.

Conclusion

This review has identified that many studies which conduct audits to assess the prophylaxis rate of 

CIOP have average (37%) to poor (31%) quality. The key finding is that the quality of the study is an 

independent predictor for the degree of prevention for CIOP reported by the study. 

It is apparent that patients treated with CS are not receiving appropriate prophylaxis. However, there has 

been noticeable improvement from the earlier studies, which were conducted in the mid 1990s in the 

prevention of CIOP, particularly if specific interventions have been undertaken. Future (intervention) studies 

that assess CIOP prophylaxis should aim to recruit only patients who require prophylaxis according to the 

prevalent guidelines. Furthermore, these studies should state clearly which part(s) of the decision making 

steps, as stated in the prevalent guideline at the time of study, are assessed for adherence. 



Many studies/audits report an undertreatment of CIOP and our results show that this might be 

due to an insufficient quality of the studies/audits performed rather than poor practice or failure to 

recognise those patients who require prophylaxis, which we could not determine from our study. 

Future interventions should comply with 5 major quality criteria; a multifaceted approach involving 

health providers who care for corticosteroid users, public education, increased access to DXA, is 

required in order to make an impact on the underprescribing of CIOP prophylaxis.

Acknowledgement

We thank Roy Stewart (statistician, MSc) for the assistance on the statistical analyses.

Reference List
1 Walsh LJ, Wong CA, Pringle M, Tattersfield AE. 

Use of oral corticosteroids in the community 

and the prevention of secondary osteoporosis: a 

cross sectional study. BMJ 1996; 313: 344-46.

2 Staa van TP, Leufkens HGM, Abenhaim L, 

Begaud B, Zhang B, Cooper C. Use of oral 

corticosteroids in the United Kingdom. QJM 

2000; 93: 105-11.

3 Staa van TP, Leufkens HGM, Abenhaim L, 

Cooper C. Use of oral corticosteroids and risk of 

fractures. J Bone Miner Res 2000; 15: 993-1000.

4 Gennari C. Glucocorticoid induced osteoporosis. 

Clin Endocrinol (Oxf) 1994; 41: 273-74.

5 Rackoff PJ, Rosen CJ. Pathogenesis and treat-

ment of glucocorticoid-induced osteoporosis. 

Drugs Aging 1998; 12: 477-84.

6 Yood RA. Prevention of glucocorticoid-induced 

osteoporosis: why are we doing so poorly?  

J Rheumatol 2006; 33: 1461-63.

7 Bell R, Carr A, Thompson P. Managing corticos-

teroid induced osteoporosis in medical outpa-

tients. J R Coll Physicians Lond 1997; 31: 158-61.

8 Buckley LM, Marquez M, Feezor R, Ruffin DM, 

Benson LL. Prevention of corticosteroid- 

induced osteoporosis: results of a patient sur-

vey. Arthritis Rheum 1999; 42: 1736-39.

9 Chattopadhyay I, Showkathali AR, Jain AK. 

Osteoporosis prophylaxis during corticosteroid 

treatment. Postgrad Med J 2002; 78: 572.

10 Curtis JR, Westfall AO, Allison JJ, Becker A, 

Casebeer L, Freeman A, et al. Longitudinal 

patterns in the prevention of osteoporosis in 

glucocorticoid-treated patients. Arthritis Rheum 

2005; 52: 2485-94.

11 Dolan AL, Koshy E, Waker M, Goble CM. Access 

to bone densitometry increases general practition-

ers’ prescribing for osteoporosis in steroid treated 

patients. Ann Rheum Dis 2004; 63: 183-86.

12 Elliott ME, Farrah RM, Binkley NC, Carnes ML, 

Gudmundsson A. Management of glucocor-

ticoid-induced osteoporosis in male veterans. 

Ann Pharmacother 2000; 34: 1380-1384.

13 Erb N, Duncan RC, Raza K, Rowe IF, Kitas GD, 

Situnayake RD. A regional audit of the prevention and 

treatment of corticosteroid-induced osteoporosis in 

patients with rheumatic diseases in the West Mid-

lands. Rheumatology (Oxford) 2002; 41: 1021-24.

14 Ettinger B, Chidambaran P, Pressman A. Prevalence 

and determinants of osteoporosis drug prescription 

among patients with high exposure to glucocorticoid 

drugs. Am J Manag Care 2001; 7: 597-605.

15 Feldstein AC, Elmer PJ, Nichols GA, Herson M. 

Practice patterns in patients at risk for glucocorti-

coid-induced osteoporosis. Osteoporos Int 2005; 

16(12):2168-74. 

16 Hart SR, Green B. Osteoporosis prophylaxis 

during corticosteroid treatment: failure to pre-

scribe. Postgrad Med J 2002; 78: 242-43.

17 Hougardy DM, Peterson GM, Bleasel MD, 

Randall CT. Is enough attention being given to 

the adverse effects of corticosteroid therapy?  

J Clin Pharm Ther 2000; 25: 227-34.



 55Systematic Review of Trends in Prophylaxis of CIOP |

18 Lewis SJ, Smith PE. Osteoporosis prevention 

in myasthenia gravis: a reminder. Acta Neurol 

Scand 2001; 103: 320-322.

19 Lozsadi DA, Peters G, Sadik HY, Kellett MW, 

Fox SH, Smith DF. Prevention of osteoporosis 

in glucocorticoid-treated neurology patients. 

Clin Neurol Neurosurg 2006; 108: 157-62.

20 Mudano A, Allison J, Hill J, Rothermel T, Saag 

K. Variations in glucocorticoid induced 

osteoporosis prevention in a managed care 

cohort. J Rheumatol 2001; 28: 1298-305.

21 Naganathan V, Sambrook P. Osteoporosis and 

fracture risk prevention in long-term glucocorticoid 

therapy, authors reply. Arch Intern 2001; 161: 1781.

22 Naunton M, Peterson GM, Jones G, Griffin GM, 

Bleasel MD. Multifaceted educational program 

increases prescribing of preventive medication 

for corticosteroid induced osteoporosis.  

J Rheumatol 2004; 31: 550-556.

23 Osiri M, Saag KG, Ford A.M., Moreland L.W. 

Practice pattern variation among internal medi-

cine specialists in the prevention of glucocor-

ticoid-induced osteoporosis. J Clin Rheumatol 

2000; 6: 117-22.

24 Rothberg AD, Matshidze PK. Monitoring and 

management of bone status in patients on  

chronic glucocorticoid treatment-the Medscheme 

experience. S Afr Med J 2000; 90: 1125-29.

25 Saag KG, Gehlbach SH, Curtis JR, Youket TE, 

Worley K, Lange JL. Trends in prevention of 

glucocorticoid-induced osteoporosis. J Rheu-

matol 2006; 33: 1651-57.

26 Smith GD, Stevens DL, Fuller GN. Myasthe-

nia gravis, corticosteroids and osteoporosis 

prophylaxis. J Neurol 2001; 248: 151.

27 Solomon DH, Katz JN, Jacobs JP, La Tourette 

AM, Coblyn J. Management of glucocorticoid-

induced osteoporosis in patients with rheu-

matoid arthritis: rates and predictors of care in 

an academic rheumatology practice. Arthritis 

Rheum 2002; 46: 3136-42.

28 Solomon DH, Katz JN, Cabral D, Patrick AR, Bu-

kowski JF, Coblyn JS. Osteoporosis management 

in patients with rheumatoid arthritis: Evidence for 

improvement. Arthritis Rheum 2006; 55: 873-77.

29 Walker-Bone K, Wood A, Hull R, Ledingham 

JM, McCrae FC, Shaban R, Thomas A, 

Mackay K. The prevention and treatment of 

glucocorticoid-induced osteoporosis in clinical 

practice. Clin Med 2004; 4: 431-36.

30 Aagaard EM, Lin P, Modin GW, Lane NE. 

Prevention of glucocorticoid-induced  

osteoporosis: provider practice at an urban 

county hospital. Am J Med 1999; 107: 456-60.

31 Chantler IW, Davie MW, Evans SF, Rees JS. 

Oral corticosteroid prescribing in women over 

50, use of fracture prevention therapy, and 

bone densitometry service. Ann Rheum Dis 

2003; 62: 350-352.

32 Cruse LM, Valeriano J, Vasey FB, Carter JD. 

Prevalence of evaluation and treatment of 

glucocorticoid-induced osteoporosis in men.  

J Clin Rheumatol 2006; 12: 221-25.

33 Gudbjornsson B, Juliusson UI, Gudjonsson FV. 

Prevalence of long term steroid treatment and 

the frequency of decision making to prevent 

steroid induced osteoporosis in daily clinical 

practice. Ann Rheum Dis 2002; 61: 32-36.

34 Hodgkins PR, Hull RG, Vakalis A, Cole A,  

Hallet C, Evans AR, Jeffrey MN. Long-term oral 

corticosteroids and osteoporosis prevention in an 

ophthalmology clinic. Eye 1997; 11: 126-27.

35 Karcic E, Karcic AA. Osteoporosis and fracture 

risk prevention in long-term glucocorticoid 

therapy. Arch Intern 2001; 161: 1780-1781.

36 Liu RH, Albrecht J, Werth VP. Cross-sectional 

study of bisphosphonate use in dermatology 

patients receiving long-term oral corticosteroid 

therapy. Arch Dermatol 2006; 142: 37-41.

37 McDonough RP, Doucette WR, Kumbera P, 

Klepser DG. An evaluation of managing and 

educating patients on the risk of glucocorticoid- 

induced osteoporosis. Value Health 2005; 8: 24-31.

38 Miah S, Taylor R, McKellar G, Hunter J.  

Corticosteroid-induced osteoporosis. Rheuma-

tology (Oxford) 2003; 42: 1118-20.

39 Olesen C, Sorensen HT, Steffensen FH, 

Nielsen GL, Olsen J. Danish data confirm low 

prevalence of HRT among women prescribed 

oral corticosteroids. BMJ 1996; 313: 1264.



40 Peat ID, Healy S, Reid DM, Ralston SH. Steroid 

induced osteoporosis: an opportunity for pre-

vention? Ann Rheum Dis 1995; 54: 66-68.

41 Smith MD, Cheah SP, Taylor K, Ahern MJ. Pre-

vention of corticosteroid induced osteoporosis 

in inpatients recently discharged from a tertiary 

teaching hospital. J Rheumatol 2001; 28: 566-70.

42 Solomon DH, Katz JN, La Tourette AM, Coblyn 

JS. Multifaceted intervention to improve rheu-

matologists’ management of glucocorticoid-

induced osteoporosis: a randomized controlled 

trial. Arthritis Rheum 2004; 51: 383-87.

43 Yood RA, Harrold LR, Fish L, Cernieux J, Emani 

S, Conboy E, Gurwitz JH. Prevention of  

glucocorticoid-induced osteoporosis: experi-

ence in a managed care setting. Arch Intern 

Med 2001; 161: 1322-27.

44 Eastell R. Management of corticosteroid-induced 

osteoporosis. UK Consensus Group Meeting on 

Osteoporosis. J Intern Med 1995; 237: 439-47.

45 American College of Rheumatology Ad Hoc 

Committee on Glucocorticoid-Induced Oste-

oporosis. Recommendations for the preven-

tion and treatment of glucocorticoid-induced 

osteoporosis. American College of Rheumatol-

ogy Task Force on Osteoporosis Guidelines. 

Arthritis Rheum 1996; 39: 1791-801.

46 American College of Rheumatology Ad Hoc 

Committee on Glucocorticoid-Induced Oste-

oporosis. Recommendations for the preven-

tion and treatment of glucocorticoid-induced 

osteoporosis: 2001 update. American College 

of Rheumatology Ad Hoc Committee on 

Glucocorticoid-Induced Osteoporosis. Arthritis 

Rheum 2001; 44: 1496-503.

47 Sambrook PN, Diamond T, Ferris L, Fiatarone-

Singh M, Flicker L, MacLennan A, Nowson C, 

O’Neill S, Greville H. Corticosteroid induced 

osteoporosis. Guidelines for treatment. Aust 

Fam Physician 2001; 30: 793-96.

48 Devogelaer JP, Goemaere S, Boonen S, Body 

JJ, Kaufman JM, Reginster JY, et al. Evidence-

based guidelines for the prevention and treat-

ment of glucocorticoid-induced osteoporosis: 

a consensus document of the Belgian Bone 

Club. Osteoporos Int 2006; 17: 8-19.

49 Geusens PP, de Nijs RNJ, Lems WF, Laan 

RFJM, Struijs A, Staa TP, Bijlsma JWJ 

 Prevention of glucocorticoid osteoporosis: a 

consensus document of the Dutch Society for 

Rheumatology. Ann Rheum Dis 2004;63:324-25.

50 Pols HAPP, Wittenberg J. CBO-guideline 

“Osteoporosis” (second revision). Ned Tijdschr 

Geneeskd 2002; 146: 1359-63.

51 Diamond T, McGuigan L, Barbagallo S,  

Bryant C. Cyclical etidronate plus ergocalciferol 

prevents glucocorticoid-induced bone loss in 

postmenopausal women. Am J Med 1995; 98: 

459-63.

52 Struys A, Snelder AA, Mulder H. Cyclical 

etidronate reverses bone loss of the spine and 

proximal femur in patients with established 

corticosteroid-induced osteoporosis. Am J 

Med 1995; 99: 235-42.

53 Mulder H, Struys A. Intermittent cyclical etidro-

nate in the prevention of corticosteroid-induced 

bone loss. Br J Rheumatol 1994; 33: 348-50.

54 Skingle SJ, Crisp AJ. Increased bone density 

in patients on steroids with etidronate. Lancet 

1994; 344: 543-44.

55 Adachi J, Cranney A, Goldsmith CH, Bensen 

WG, Bianchi F, Cividino A, et al. Intermittent cy-

clic therapy with etidronate in the prevention of 

corticosteroid induced bone loss. J Rheumatol 

1994; 21: 1922-26.

56 Saag KG, Emkey R, Schnitzer TJ, Brown JP, 

Hawkins F, Goemaere S, et al. Alendronate for 

the prevention and treatment of glucocorticoid-

induced osteoporosis. Glucocorticoid-Induced 

Osteoporosis Intervention Study Group. N Engl 

J Med 1998; 339: 292-99.

57 Reid DM, Hughes RA, Laan RF, Sacco-Gibson 

NA, Wenderoth DH, Adami S, Eusebio RA, 

Devogelaer JP. Efficacy and safety of daily 

risedronate in the treatment of corticosteroid-

induced osteoporosis in men and women: a 

randomized trial. European Corticosteroid-

Induced Osteoporosis Treatment Study. J Bone 

Miner Res 2000; 15: 1006-13.



 57Systematic Review of Trends in Prophylaxis of CIOP |

58 Adachi JD, Saag KG, Delmas PD, Liberman 

UA, Emkey RD, et al. Two-year effects of alen-

dronate on bone mineral density and vertebral 

fracture in patients receiving glucocorticoids: a 

randomized, double-blind, placebo-controlled 

extension trial. Arthritis Rheum 2001; 44: 202-11.

59 Merck Sharpe & Dohme. Registration of Alen-

dronate for GIOP. 2006.

60 Proctor & Gamble. Registration of Risedronate 

for GIOP. 2006.

61 de Vries F, Pouwels S, Lammers JW, Leufkens 

HG, Bracke M, Cooper C, van Staa TP. Use 

of inhaled and oral glucocorticoids, severity of 

inflammatory disease and risk of hip/femur frac-

ture: a population-based case-control study.  

J Intern Med 2007; 261: 170-177.

62 Pettifor JM. Chronic glucocorticoid therapy and 

osteoporosis--an under-recognised problem in 

South Africa. S Afr Med J 2000; 90: 1111-12.

63 McCombs JS, Thiebaud P, McLaughlin-Miley 

C, Shi J. Compliance with drug therapies for 

the treatment and prevention of osteoporosis. 

Maturitas 2004; 48: 271-87.

64 Solomon DH, Avorn J, Katz JN, Finkelstein JS, 

Arnold M, Polinski JM, Brookhart MA. Compli-

ance with osteoporosis medications. Arch 

Intern Med 2005; 165: 2414-19.

65 Naunton M, Duyvendak M, Peterson GM, 

Brouwers JR. Practice patterns in osteoporo-

sis prevention in patients on glucocorticoids. 

Osteoporos Int 2006; 17: 634-35.

66 Kiebzak GM, Beinart GA, Perser K, Ambrose 

CG, Siff SJ, Heggeness MH. Undertreatment 

of osteoporosis in men with hip fracture. Arch 

Intern Med 2002; 162: 2217-22.

67 Kuehn BM. Reports of adverse events from 

bone drugs prompt caution. JAMA 2006; 295: 

2833-36.

68 Woo SB, Hellstein JW, Kalmar JR. Narrative 

(corrected) review: bisphosphonates and os-

teonecrosis of the jaws. Ann Intern Med 2006; 

144: 753-61.

69 Naunton M. Is the increase in osteoporosis 

prevention a result of the audit? Clin Neurol 

Neurosurg 2006; 108: 718-19.

70 Grol RP, Bosch MC, Hulscher ME, Eccles MP, 

Wensing M. Planning and studying improve-

ment in patient care: the use of theoretical 

perspectives. Milbank Q 2007; 85: 93-138.

71 Wollersheim H, Burgers J, Grol R. Clinical 

guidelines to improve patient care. Neth J Med 

2005; 63: 188-92.

72 Eastell R, Reid DM, Compston J, Cooper C, 

Fogelman I, Francis RM, et al. A UK Consensus 

Group on management of glucocorticoid-

induced osteoporosis: an update. J Intern Med 

1998; 244: 271-92.

73 National Osteoporosis Society. Guidance on 

the prevention and management of corticos-

teroid induced osteoporosis. 1998; Bath, UK, 

National Osteoporosis Society.

74 Royal College of Physicians. Osteoporosis: 

Clinical guidelines for prevention and treatment. 

1999; London, UK, Royal College of Physicians. 

75 Hough S. Osteoporosis Clinical Guideline. 

South African Medical Association-Osteoporosis 

Working Group. S Afr Med J 2000; 90: 907-44.

76 Dolan AL. Greenwich and Bexley guidelines for 

identification, assessment and management of 

osteoporosis. 2007; Greenwich.

77 Bone and Tooth Society, Royal College of 

Physicians, National Osteoporosis Society.  

Glucocorticoid-induced osteoporosis: 

guidelines for prevention and treatment. 2002; 

London, UK, Royal College of Physicians.






