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Abstract

Introduction

Corticosteroid-induced osteoporosis (CIOP) is still undertreated. Published studies in the field of 

prophylaxis of CIOP are scarce and of low quality. The goal of this study is to assess the effect of a 

multifaceted pharmacy-based intervention supporting general practitioners (GPs) in finding patients 

requiring prophylaxis for CIOP. 

Methods

Pharmacy data from nine community pharmacies were analysed to select patients complying 

with the 2005 Dutch GP guideline and who didn’t receive prophylaxis with bisphosphonates, 

or teriparatide. Intervention proposals were sent by the pharmacist to the GP of the patient. An 

independent reference group from another area of the Netherlands, was also analysed. 

Results

An intervention was performed in 189 patients receiving long-term corticosteroids. The prevention 

rate in the whole population (n=834) increased non-significantly from 48.4% in 2005 (pre-intervention) 

to 55.1% in 2007 (post-intervention), showing no significant difference with the reference group 

(47.4% versus 56.7% in 2005 and 2007, respectively). Corrected for patients with no indication for 

prophylaxis, an intervention was performed in 37% of the patients. Another important finding was 

that 35% of patients had stopped corticosteroids, had moved, or died before an intervention could 

be performed. 

Discussion/Conclusion

The study showed only limited effect of the intervention on a population level. This might be due 

to the fact that the patient selection was only performed twice and was based on the dispensing 

history of the patients. Therefore, continuous case finding performed by pharmacist at the moment 

of dispensing of corticosteroids has a higher potential to improve prevention of CIOP.



Introduction

Corticosteroids (CS) have many side-effects, including adrenal suppression, susceptibility to 

infection, and increased insulin resistance. Moreover, long term use is associated with bone fragility 

and an increased risk of fracture, predominantly in the elderly and patients using high doses1. 

Today, corticosteroid-induced osteoporosis (CIOP) is probably the most common secondary type 

of osteoporosis2. It is estimated that as many as 50% of patients requiring long-term (≥ 3 months) 

CS will ultimately suffer fractures2;3. A study in a general practice setting showed 20% of long-term 

CS users had previously sustained fractures4.

Many studies report undertreatment of CIOP5. A previous non-intervention study by our group 

showed that although prophylaxis with bisphosphonates for women was reasonable (61%), 

overall prophylaxis rates were low, especially for men (39%)6. A systematic review showed that 

undertreatment of CIOP might be due to insufficient quality of the studies rather than poor clinical 

practice or failure to recognize those patients who require prophylaxis. The review also showed an 

improving trend in prophylaxis, although average prevention rates with bisphosphonates remained 

low, at 57% in 20035. The reasons for the apparent low utilisation of bisphosphonates were 

hypothesized in this review.

Up until 2009, six intervention studies on CIOP have been performed and published in the scientific 

literature7-12. None of these studies comply with all 5 major quality criteria previously published in 

our systematic review on prevention of CIOP. Since this review showed that the quality of the study 

was the main predictor on the outcome of the study (i.e. CIOP prophylaxis), the conclusions that 

can be drawn from these studies are limited5. It is still unclear which intervention strategies are most 

effective. Furthermore, none of the intervention studies have prospectively assessed reasons for 

non prescription of bisphosphonates.

The aim of this study is to assess the effect of a pharmacy-based case-finding intervention, supporting 

general practitioners , in the implementation of the Dutch general practitioner CIOP guideline13. Only 

patients that require prophylaxis according to these guidelines were included, thus comprising the 

5 major quality criteria previously developed5. 

Methods

Design

The study was conducted as a prospective, non-randomized, controlled, observational, multifaceted 

pharmacy-based intervention study in the Netherlands, from 2005 to 2007. The population was 

divided into an historical control group and an intervention group. An independent reference group 

also was included.
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Population

We used pharmacy dispensing data (anonimized) from nine community pharmacies located in 

and around four cities/towns in the northern region of The Netherlands (catchment population 

approximately 125,000). To assess the prevalence of prophylaxis for CIOP between July 2001 and 

July 2007, we determined for each half year period whether a patient required prophylaxis with 

bisphosphonates during that period, and whether they were prescribed a bisphosphonate or other 

type of prevention. The reference group used pharmacy dispensing data from the IADB database 

(catchment population approximately 500,000 in the North-east part of The Netherlands)14 . The 

pharmacies participating in this study were no contributors to the IADB database.

Inclusion Criteria

We identified all patients (≥ 18 years) receiving oral corticosteroids for ≥ 90 days requiring prophylaxis 

according to Dutch specialist (2002)15 and GP (2005)13 guidelines, during the period July 2001 through 

July 2007. Specifically, the guidelines recommend that men ≥ 70 years old and postmenopausal 

women who receive ≥ 7.5 mg - 15 mg/day of prednisolone (or equivalent) or ≥ 15 mg/day prednisolone 

(or equivalent) independent of age and sex should receive bisphosphonate treatment independent 

of bone mineral density (BMD). The guidelines state that calcium and/or vitamin D alone is insufficient 

prophylaxis for CIOP. A postmenopausal status was assumed for women aged ≥ 55 years. In the case 

of a patient experiencing multiple episodes of CS use, only the most recent episode was included.

Qualifying corticosteroid medications

Corticosteroid episodes were identified by selecting all prescriptions with a maximum of 90 days 

between the end and start of two consecutive prescriptions. We qualified all corticosteroids with 

the Anatomical Therapeutic Chemical classification (ATC code) H02AB. Injectable, inhalable, and 

topical corticosteroids were excluded. All corticosteroid doses were converted to “prednisolone 

equivalents” using defined daily dose (DDD)16. The average observed daily dose for each subject was 

calculated by dividing the cumulative dose dispensed by the number of days of the total corticosteroid 

episode. The initial prescriber (specialist or general practitioner (GP)) of the corticosteroid was 

determined from the pharmacy data of new CS users.

Case-finding

In February 2006 and December 2006, data-analysis was performed by the principal investigator 

using the pharmacy dispensing data obtained from participating pharmacies. The analysed data 

was obtained in December 2005 and October 2006 for the February 2006 and December 2006 

analysis, respectively. If the patient qualified for prophylaxis with bisphosphonates according to the 

guideline and no bisphosphonates had been prescribed within the last 60 days of the corticosteroid 

episode, a standardized intervention form was provided to the community pharmacist. 



To assist the pharmacists and prescribers in decision making, the length of the corticosteroid episode, 

the average daily dose of the episode, the average daily dose over the last three months of the episode, 

the dose of the last prescription and, if applicable, the end of prior bisphosphonate use was calculated 

and automatically displayed on the intervention form. The community pharmacist verified that the patient 

was a current corticosteroid user and assessed the patient for bisphosphonate or teriparatide use. If the 

patient still qualified for prophylaxis, the pharmacist advised the GP using a letter and the intervention 

form to start bisphosphonate therapy. The intervention forms were returned to the pharmacist.

Co-medication

All co-medications (excluding antibiotics) during the corticosteroid episode were calculated. 

Concurrent respiratory medications were: inhaled corticosteroids, short/long acting inhaled 

ß2 agonists, or leukotriene-receptor antagonists. Other concurrent medication included: disease-

modifying anti-rheumatic drugs (DMARDs), proton pump inhibitors (PPI), non-steroidal anti-

inflammatory drugs (NSAIDs), antiplatelets, vitamin K antagonists (VKA) or low molecular weight 

heparins (LMWH), immunomodulators and strong opioids.

Intervention

In conjunction with the publication of the Dutch GP osteoporosis guideline update in November 2005, 

an implementation plan was made. The multifaceted intervention comprised of the following items:

•	 sent	Dutch	CIOP	guideline-based	treatment	flow-chart	to	all	GPs,	specialists	and	

 pharmacists in the region. (januari 2005 and februari 2006).

•	 evening	lecture	for	all	GPs,	specialists	and	pharmacists	in	the	region	(March	and	April	2005).

•	 letter	to	GPs,	specialist	and	pharmacists	addressing	CIOP	guidelines	and	announcement	

 of intervention (November 2005).

•	 academic	detailing	of	each	participating	pharmacist	(combined	with	data	collection,	

 see case-finding).

•	 obtained	patient	lists	from	participating	pharmacies/clinics	(see	case-finding).

•	 identified	patients	on	corticosteroids	(see	case-finding).

•	 sent	intervention	forms	and	letters	to	GP	requesting	BMD/	bisphosphonate	therapy	

 (see case-finding).

Endpoints

Primary endpoints were: 

•	 effect	of	intervention	on	prophylaxis	rate	for	CIOP	compared	to	the	reference	group.

 Secondary endpoints included: 

•	 effect	of	a	case-finding	 intervention	determined	by	analyzing	 the	 returned	 intervention	 forms,	

which were cross-referenced with the pharmacy dispensing data update until July 2007.

•	 effect	of	intervention	factors	influencing	the	receipt	of	prophylaxis.
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Statistics

Patients on corticosteroids were detected and selected using a mySQL® version 5.0 database14 

and Microsoft Access® database 2003. Standard descriptive methods and statistics were used to 

characterise the study population using SPSS® version 15 (SPSS, Chicago, IL United States). Tests 

for normality were performed using a Kolmogorov-Smirnov test. The data in the intervention and 

reference group were compared using a Chi-square test or Mann-Whitney U test. A logistic regression 

model was used to identify factors significantly associated with the prescribing of a bisphosphonate. 

Univariate and multivariate analyses were used to predict which variables (sex; number of co-

medication; duration of corticosteroid use; prescriber of corticosteroid; daily corticosteroid dose; 

cortisol suppletion, concomitant PPI, NSAID, DMARD, respiratory medication, antiplatelets, VKA, 

LMWH, immunomodulator; and strong opioid use) influenced the prescribing of a bisphosphonate. 

For the multivariate analysis, each individual variable was adjusted for the remaining variables in the 

model as aforementioned. A Hosmer Lemeshow test was performed to assess the goodness of fit of 

the model. A two tailed p value ≤0.05 was considered statistically significant.

Results

Prevention rates

Between July 2001 and June 2007, we were able to identify 834 patients in the intervention region 

at risk of CIOP that qualified for prophylaxis with bisphosphonates or teriparatide according to the 

Dutch CIOP guidelines. In the reference group 4796 patients were identified. Demographic data 

are shown in Table 1. 

Table 1: Demographics of included patients in the intervention and control group.

Intervention group

n=834

Control group 

n=4796
p-value

Average age (±SD) 70.5 ± 15.0 69.7 ± 15.1 0.112

% women 59.4 58.3 0.553

Average CS dose (mg; ±SD) 15.6 ± 9.9 16.6 ± 12.3 0.352

Average length of CS use (days; ±SD) 511 ± 551 438 ± 488 <0.001

Abbreviations: CS: Corticosteroid; SD: Standard Deviation

These data reveal that the length of corticosteroid use was significantly longer in the intervention 

group. Between October 2005 and June 2007, 464 patients were identified in the intervention 

group and 2312 in the reference group who qualified for CIOP prophylaxis (Figure 1 shows the flow 

of patients during the study). During the intervention period, 189 different patients were included by 

the pharmacists as being at risk of CIOP without proper prophylaxis, and their GPs received a letter 

with a recommendation for prevention of CIOP. Furthermore 168 patients (36%) already received 

bisphosphonates and another 107 patients that did not receive prevention were not selected, since 



they only used corticosteroids in 

the period between the two data 

collection moments and not at 

any moment of data collection.

Figure 2a shows the percentage 

of patients receiving prescription 

medication for the prevention of 

CIOP. It is apparent that there is  

a non-significant increase in  

bisphosphonate use from 48.4% 

In 2005 to 55.1% in 2007 (p=0.121) 

in the intervention group. Any 

prophylaxis showed a similar  

increase from 55.5% in 2005 to 

62.5% in 2007 (p=0.095). In the 

reference group bisphosphonate 

use increased significantly from 

47.4% to 56.7% (p<0.001) and 

the use of any prophylaxis in-

creased from 55.3% to 65.4% 

(p<0.001) in 2005 and 2007,  

respectively. There were no sig-

nificant differences in the prophy-

laxis rates between the reference 

group and intervention group in 

2005 nor in 2007.

Figure 2b shows the increase 

in prevention stratified by sex. 

There was an increase in bi-

sphosphonate use in males from 

40.8% in 2005 to 48.8% in 2007 

(p=0.010) and from 34.7% in 

2005 to 46.4% in 2007 (p=0.091) 

in both the reference and inter-

vention group, respectively. In 

females, bisphosphonate use 

Figure 1a: Flow chart of patients in intervention group

13383 corticosteroid episodes identified Excluded
- 45 no birthdate
- 58 length of therapy unknown
- 4 sex unknown

Excluded
- 118 episodes of patients with >1 episode

- 168 last episodes already 
   received prohylaxis
- 107 last episodes no active use 
   at moment of case-finding

Excluded
- 1454 dose < 7.5 mg/day

- 79 male < 70 year and ≥7.5 mg/day and 
  <15 mg/day

- 157 female < 55 year and ≥7.5 mg/day and
   <15 mg/day

Excluded
- 10634 different episodes using 
   corticosteroid < 90 days

13276 corticosteroid episodes

834 corticosteroid patients last episode

189 corticosteroid patients selected for 
intervention

464 last episodes qualified for 
prophylaxis between October 2005  

and June 2007

2642 different episodes using 
corticosteroid ≥ 90 days

952 corticosteroid users met 2005 
Dutch guidelines for osteoporosis 

prophylaxis

Figure 1b: Flow chart of patients in reference group

92837 corticosteroid episodes identified
Excluded

- 65 no birthdate
- 267 length of therapy unknown

Excluded
- 616 episodes of patients with >1 episode

Excluded
- 8175 dose < 7.5 mg/day

- 1128 male < 70 year and ≥7.5 mg/day and
  <15 mg/day

- 625 female < 55 year and ≥7.5 mg/day and
  <15 mg/day 

Excluded
- 77165 different episodes using 
  corticosteroid < 90 days

92505 corticosteroid episodes

4796 corticosteroid patients last episode

2312 last episodes qualified for 
prophylaxis between October 2005

and June 2007

15340 different episodes using 
corticosteroid ≥ 90 days

5412 corticosteroid users met 2005 
Dutch guidelines for osteoporosis 

prophylaxis
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increased from 51.5% in 2005 to 61.9% in 2007 (p<0.001) and from 56.5% in 2005 to 60.7 in 

2007 (p=0.439) in both the reference and intervention group, respectively. Most noticeable was 

the significant difference between prevention rates in males and females in 2005 in both groups 

(p=0.001). This difference remained after the intervention (p=0.018).

Figure 2b:  Influence of gender on prescription of bisphosphonates in the

     intervention and reference group

 

Figure 2a:  Prescription of bisphosphonates or any prevention in the intervention 

and reference group

 



Table 2:  Results from feedback of pharmacists and GPs on case-finding using 

pharmacy dispensing data.

Category Reason n %
Additional 

intervention
% corrected #

No intervention necessary 84 44.4

 

Bisphosphonate already (re)started 18 9.5
Calcium  started in 

5.6% of this group

Corticosteroid ceased 39 20.6

Patient deceased 19 10.1

Patient relocated 8 4.2

Intervention 42 22.2 40.0

Bisphosphonate started 31 16.4 29.5

Corticosteroid caesed 8 4.2 7.6

DEXA-scan performed 2 1.1 1.9

Dosage tapered 1 0.5 1.0

No effective prophylaxis commenced 63 33.3 60.0

Intervention form not returned 25 13.2 23.8

Cortisol supplement 10 5.3 9.5

Adverse events 5 2.6 4.8

No reason mentioned 5 2.6 4.8

Contraindication 3 1.6 2.9

Dosage tapered $ 3 1.6 2.9

Responsability of treating specialist 3 1.6 2.9

Corticosteroid stopped temporarily on 

moment of intervention
2 1.1 1.9

Intermittent use only 1 0.5 1.0

Receives strontium ranelate 1 0.5 1.0

Cannot follow intake instructions 1 0.5 1.0

Patient refuses therapy 1 0.5 1.0

Polypharmacy 1 0.5 1.0

Problems with adherence 1 0.5 1.0

Probems with swallowing 1 0.5 1.0

# corrected for patients who had deceased, moved, already ceased corticosteroid therapy or already received 

bisphosphonates.
$ according to the general practitioner the dosage was already below the guideline limit for prophylaxis without 

DEXA bone mineral denisity determination. Pharmacy data however showed average daily dose was still higher.

Abbreviations: DEXA: Dual energy X-ray absorptiometry; GPs: general practitioners.
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Response to intervention by GPs

Table 2 shows the results of the case-finding process. The feedback from pharmacists and 

GPs showed that 66 (35%) patients had stopped corticosteroids, had moved, or died before an 

intervention could be performed. In another 19 (9.5%) a bisphosphonate was already (re)started 

before the pharmacist could give advice to the GP. In the remaining 105 patients an intervention 

was performed in 40% of the cases to comply with the CIOP guideline. In 60% of patients that 

were still registered in the pharmacy and were at risk of CIOP at the time of intervention, there was 

inadequate prophylaxis despite the intervention. In 24% of the cases, there was no response from 

the GP and supplementation of cortisol was the most common reason mentioned by the GP’s for 

not prescribing bisphosphonates.

Table 3:  Factors influencing prescription of bisphosphonates from multivariate  

logistic regression analysis (n=5630).

univariate multivariate

Variable comparator OR p-value OR p-value

Cortisol supplementation yes vs no 0.348 <0.001 0.218 <0.001

Sex male vs female 0.530 <0.001 0.596 <0.001

Strong Opioid use yes vs no 0.845 0.008 0.656 <0.001

Respiratory drug use yes vs no 0.784 <0.001 0.736 <0.001

Anticoagulant use yes vs no 1.147 0.034 1.026 0.724

Average dose CS (mg/day) 7,5-15 vs ≥15 0.852 0.003 1.172 0.016

NSAID use yes vs no 1.638 <0.001 1.227 0.001

DMARD use yes vs no 2.636 <0.001 1.519 0.001

Immunomodulator use yes vs no 1.934 <0.001 1.583 <0.001

PPI use yes vs no 2.023 <0.001 1.640 <0.001

>5 comedications yes vs no 1.948 <0.001 1.794 <0.001

Length of CS episode (days) ≥360 vs 90-360 3.436 <0.001 3.437 <0.001

intervention yes vs no 0.776 NS -

Platelet inhibitor use yes vs no 0.974 NS -

Prescriber specialist vs GP 1.04 NS -

Hosmer Lemeshow 0.08

Abbreviations: CS: corticosteroids; NSAID: Non steroidal antiinflamatory drug; DMARD: Disease modifying 

antirheumatic drug; PPI: Proton pump inhibitor; GP: General practitioner.



Multivariable regression analysis

Table 3 shows that besides cortisol supplementation, as mentioned in the previous section in regards 

to the GP response, male sex was the most negative predictor of prescription of bisphosphonates. 

Secondarily, opioid use was associated with 35% fewer prescriptions of bisphosphonates. Length 

of CS use of more than one year was the greatest predictor of adequate prophylaxis.

Discussion

The results show that the pharmacy-based multifaceted intervention has limited effect on the 

prescription of bisphosphonates for the prevention of CIOP. There was a non-significant increase 

in bisphosphonate use and any treatment for CIOP, but there was no significant difference with the 

reference group. The demographic data show a significant difference in length of corticosteroid 

use. Possibly, the patients in the intervention group were qualified as being more at risk because of 

longer corticosteroid use. However, this difference was not reflected by a significant difference of 

prevention rates with the control group before the start of the intervention.

Although we determined lack of effect on a population level, the overview of the responses from 

the GP’s showed that an intervention was made in 22% of patients. After correction for patients 

no longer qualifying for CIOP prophylaxis (died, relocated, bisphosphonate already (re)started, CS 

ceased), this was 40%. 

Since our study didn’t use a randomized trial setting, it remains unclear if the non-significant 

increase in prevention of CIOP is the result of our intervention. The results of our previous study 

show an even larger (significant) increase of CIOP prophylaxis, after the publication of the Dutch 

specialist guideline on osteoporosis and CIOP in 20026. The comparison with the reference group 

shows a similar increase, suggesting that also in this region efforts were made to implement the 

updated CIOP guideline. It might even be possible that leakage of the intervention to the control 

region has occurred, for instance by account managers of the pharmaceutical industry, or doctors 

and pharmacists or post graduate educational training programs.

Comparison with other studies

A pharmacy based study by Chitre et al. showed that prophylaxis for CIOP was started in only 7.1% 

of targeted patients after an intervention7. The effect of our study might have been greater if the 

community pharmacists had contacted the patient to advice on fracture risk and prevention thereof. 

However, one study directed at education of patients10 and one multifaceted intervention study directed 

at rheumatologist12 showed no effect. Both studies also included patients on short term (<90 days) 

corticosteroid use and were therefore not comparable to our population. Curtis et al.8 determined 

in a randomized trial that a web-based intervention incorporating performance audit, feedback and 

case-based continuing medical education in 78 physicians had no significant effect on the degree of 

prevention of CIOP. 
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Lozsadi et al. performed a post-intervention audit on a small group (n=48) of patients with neurological 

disorders who used high dose (mean dose 44 mg/day) oral CS (≥ 7.5 mg/day, ≥ 3 months)9. 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 

bisphosphonates (first line therapy). It should be noted that although the intervention recommended 

risedronate or alendronate in the first post-intervention audit (2001), etidronate use surprisingly 

increased to 67% (36% pre-intervention). The use of bisphosphonates was very high (86%) in the 

2nd post-intervention audit (2003). Most importantly, this educational intervention was only targeted 

at a group of specialists and a group of patients using very high dosages of corticosteroids. These 

results cannot be generalized to the whole population at risk of CIOP. 

Finally, in the study by Naunton et al. a pharmacy based comprehensive educational intervention 

was undertaken11. General practitioners, pharmacists, and patients were educated. This study 

showed a limited increase of prophylaxis of CIOP from 6 to 24% through academic detailing. The 

study wasn’t randomized, used data of hospitalized patients, and a comparison of drug use data 

with another region didn’t show a clear effect of the intervention. Moreover, the baseline prevention 

rate was not comparable to the baseline rate in our study (48%), because bisphosphonate use for 

prevention of CIOP was almost unknown in 2001.

The concept that non-randomized studies show more effect if the baseline prevention rate is 

low and the targeted prescribers are specialized is confirmed by the study of Casez. This study 

determined that active education of general internists about vertebral fracture identification and 

medical osteoporosis management of patients with vertebral fractures is effective. The number of 

patients receiving treatment for vertebral fractures increased from 11 to 40% (p<0.03)17. 

Overall, intervention studies for CIOP have shown limited effect8;9;11;12;18. Educational interventions 

in general show different results. A review of Hammick et al. determined that inter-professional 

education is generally well received by participants and enables practitioners to learn the knowledge 

and skills necessary for collaborative working. Inter-professional education is less able to positively 

influence attitudes and perceptions towards others in the service delivery team19. 

A limitation of this study was that the intervention wasn’t directly aimed at the patient. The community 

pharmacist gave advice to the GP, without direct patient oriented education at the moment of 

dispensing of corticosteroids. The intervention would probably have been more effective if the 

patient had been involved more directly in the process20-23. In 2003 the Institute of Medicine in the 

US recommended that “all health professionals should be educated to deliver patient-centred care 

as members of an interdisciplinary team”24.

A factor that might contribute to the low prevention rate of CIOP after the implementation of the 

2005 GP guideline is the general problem of ignoring guideline recommendations. Reasons for 

non-adherence to guidelines are lack of time to study and absorb the presented material, difficulty 

changing established personal approaches for managing specific disease states and reluctance to 

accept a decreased freedom of choice25;26. In the perspective of the elaboration likelihood model 



it can be assumed that professional behaviour of doctors is formed under high elaboration and is 

therefore more resistant to persuasion27.

From the results we were unable to determine whether participating GP’s had any problems with 

pharmacists’ intervention proposals. The results showed that in only 1.6% of responses, GP’s 

considered CIOP prevention the responsibility of a specialist. In the survey we performed this was 

one of the three main barriers mentioned by GP’s28. Although this might be an attitude-related 

problem, it doesn’t seem to be a great barrier at a population level. More-over in the survey the 

possible barriers were explicitly mentioned, whereas in the intervention study this was a self-

reported barrier. 

Team-based care is one approach to address to problem of rising health care costs for chronically 

ill. Especially this approach can prevent errors or omissions caused by fragmented care delivery29. 

The study of Yuksel showed that a screening program using Qualitative Ultrasound (QUS) for 

osteoporosis performed by community pharmacists doubled the number of people tested for 

osteoporosis using DXA30. Schouten et al. showed that quality improvement collaboratives, in 

general, showed positive but limited effects. This was partly caused by the heterogeneity of studies 

in this systematic review31. The authors concluded that: “To understand why quality improvement 

collaboratives work it is necessary to look into the “black box” of the intervention and to study the 

determinants of success or failure. A detailed formative evaluation of the projects might provide 

additional insight into these problems”. 

Since our previous study6 showed a marked undertreatment of men compared to women, we 

assessed whether an intervention using computer-assisted decision support could enhance 

the prevention rates in men. Although the male intervention group showed the largest absolute 

increase in bisphosphonate use compared to the male reference group and female groups, there 

still remained a significant difference between male and females. Male sex was also the principal 

negative predictor of bisphosphonate use. However, from the GP responses, no reasons could 

be derived why males were particularly undertreated. Other studies also showed that males were 

undertreated32;33. Primary osteoporosis is also undertreated in men34. One of the explanations 

could be that doctors perceive the risk of osteoporosis in men lower than in women, because men 

have larger bone35, and the decrease in bone mineral density is significantly smaller36, resulting in a 

lower absolute number of men with fractures37;38. Finally, it could be because the cost-effectiveness 

of CIOP prevention is lower in men compared to women39. 

The major reason for non-effective prophylaxis was due to non-responding GPs, although the overall 

response rate was very high at 87%. This might be due to the lack of time or not acknowledging the 

risk of osteoporosis. Moreover, in this study, no follow-up education was provided when GPs gave 

reasons for non-prescription and no suitable alternative had been tried. The results also showed 

that in 13% of cases a plausible reason for non-prescribing of bisphosphonates was mentioned 

(adverse events, contraindication, problems swallowing, problems with adherence, patients refused 
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therapy, polypharmacy, and no CS use at time of letter to GP). The results also show that 35% of 

patients ceased CS, died or relocated before the intervention could be performed by the GP. This 

is likely to at least partially explain the lack of effect at the whole population level. Strong opioid use, 

as a possible marker of progressive disease, was a significant negative predictor of prevention. This 

means that for the first time we have insight into the actual reasons for non-prescription in the clinical 

setting. We estimate the absolute optimal standard of care for the prescription of bisphosphonates 

for CIOP in the general population is 60-70%. The prevention rate of 55% in the post-intervention 

group didn’t quite meet this goal. Probably, the intravenous use of zoledronic acid is an option for 

patients having problems with swallowing or adherence40.

Multivariable regression analysis determined that short-term use (90-360 days) of corticosterioids 

was associated with low prevention rates of CIOP. Most probably these patients belonged to the 

23% of all patients that used CS in between the two selection moments. These patients have not 

been targeted for intervention, although they qualified for prophylaxis of CIOP and didn’t receive 

prophylaxis. The process of performing the analyses of the dispensing data from the participating 

pharmacies was quite labour intensive and was therefore performed only twice during the 

intervention period.

It remains to be investigated what the results would be if the case-finding were performed on a more 

regular basis, for instance every 3 months. Theoretically, it would be more effective if the case-finding 

were performed with every dispensing of a corticosteroid. The only possible draw-back from this 

setting is alert-fatigue if the specificity of the alert is low. Pharmacists and doctors could become 

immune to alerts if they are non-specific. It has been shown that 49 to 96% of all drug safety alerts 

are overruled by prescribers41. It has been shown that electronic prompts in dispensing software 

significantly increase the number of clinically relevant interventions by pharmacists42. The advanced 

decision support software used in this study used guideline cut-off points for inclusion of patients, 

yielding a high specificity. Although BMD determination using DXA is performed in the majority of 

fracture patients, case-finding is the advocated method for selection of patients with (high risk of) 

osteoporosis in the general population. The FRAX-tool with or without BMD for the determination 

of a 10-year fracture risk can assist in making a decision whether to start treatment43;44. Integrating 

the FRAX-tool in the decision-support system might enhance the power of the advice provided to 

prescribers, resulting in increased acceptation of the intervention-proposals.

Currently, the dispensing software used in Dutch pharmacies is not able to perform real time data-

processing for advanced clinical decision support. If this advanced clinical decision support can 

be incorporated into dispensing software, a nationwide trial can be performed in order to determine 

the real sensitivity and specificity of the system.
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