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Introduction

Current healthcare politics is strongly focusing on older persons. The growing burden on national 

health care expenditures by the ageing population needs new ways to determine priorities in 

medicines for elderly. The frail elderly is a target group where optimizing the pharmacotherapeutic  

process is urgently required. In The Netherlands there are many initiatives to strengthen research 

and guideline development for elderly persons (www.ephor.nl).

The ultimate goal for clinical pharmacists should be to strengthen Good Pharmacotherapy Practice 

including the promotion of medication safety and prevention of medication errors in order to reduce 

mortality, morbidity, and their associated costs.

Medication Safety

The safety of the health care system continues to receive widespread public attention often fuelled 

by tragic events in hospital which have been highly publicized to the general public1. A study in 

the Netherlands showed that 5.6% of all unplanned hospital admissions are the result of a drug-

related problem. Approximately half of these admissions were potentially preventable, which is 

consistent with the international literature2;3. Extrapolation of this data leads to an estimated 19,000 

hospital admissions occurring annually in The Netherlands as a result of preventable medication 

errors4. Other prospective studies have also shown an incidence of fatal medication-related hospital 

admissions of 0.15 to 9%3;5-7. Moreover in the U.S. an estimated 177,504 emergency department 

visits for adverse drug events occur each year8. Clearly, these studies demonstrate the need for 

improvement of medication safety. The clinical pharmacist could play a key role in this process given 

their extensive medication knowledge.

A pharmacist’s primary task is to ensure the safe and effective use of medications, which is achieved 

by interacting with other health professionals and patients. A key role for the pharmacist is to ensure 

that the prescriber’s intentions are achieved. Traditionally, the focus of pharmacists’ activities has been 

on assessing medication dose, possible drug-drug interactions or medication duplications. Given 

the challenge of an ageing population and limited resources, pharmacists should be able to make a 

significant contribution to the solution of these problems. Over the last decade evidence has emerged 

showing the positive role of pharmacists in pharmaceutical care and clinical pharmacy services. The 

following section will highlight the different areas of patient care in which pharmacists are beginning to 

specialize.

Pharmaceutical Care

Medication Review

Older persons are at increased risk of adverse drug events. Not only the normal physiological 

changes associated with ageing contribute to developing adverse drug events, but also the 

number of comorbidities and number of drugs used. Several studies showed a relation between 



polypharmacy and an increased risk of adverse events and / or hospital admissions4;9-12.

Medication review or medication therapy management (MTM) is one of the tools to improve 

medication use in polypharmacy patients. Different types of medication review can be distinguished 

depending on the intensity of the review and care process (Table 1). 

Table 1: Characteristics of different types of medication review13.

Several studies have shown that medication review by pharmacists resulted in a reduction of 

inappropriate prescribing14-17. However, a meta-analysis of studies on the effect of medication 

review by clinical pharmacists determined there was no significant effect on hospital admissions and 

mortality. There was only a small effect on improved education and adherence18. One trial showed 

an increased number of hospital admissions without an effect on quality of life or number of deaths19. 

A recent randomized controlled trial studying the effect of a comprehensive pharmacist intervention 

showed a reduction in hospital visits and readmissions in patients aged 80 years and older. The 

intervention consisted of medication reconciliation on admission, medication review and patient 

education and monitoring20. The use of the Prescribing Optimization Method (POM) in elderly patients 

with polypharmacy by general practitioners seems also effective to improve appropriate prescribing21. 

However, one can question the limited role of pharmacists in the POM study.

Finally, a study in polypharmacy patients determined that telephone counselling by pharmacists resulted 

in a 41% (95%CI 35-97%) decrease in the risk of death in two years compared to a control group22.

Type of review Characteristics 

Ad hoc review (level 0) Review of an individual prescription in case of drug 

dispensing, e.g. scan of drug-drug interactions.

Prescription review (level 1) Review of list of patients’ medications. No medical 

records available and no patient contact.

Treatment review (level 2) Review of all patients’ medications. All medical records 

of the patient are available and contact with prescriber 

is often included. No patient interview.

Clinical medication review (level 3) Review of all patients’ medications. All medical records 

of the patients are available. Furthermore the patient 

and/or its carers are interviewed for actual drug use, 

effectiveness and adverse events.
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Disease management

The clinical pharmacist can provide pharmaceutical care for patients with specific diseases, e.g. 

diabetes and/or hypertension. The randomized study of Odegard et al. in poorly controlled diabetes 

mellitus type 2 patients resulted in a decrease of HbA1c in the pharmacist intervention group. 

Although this was non-significantly different from the control group, there was a significant reduction 

in the number of doctor visits in the intervention group23. The randomized study of McLean et 

al. showed that a nurse and pharmacist team-based intervention resulted in a clinically significant 

greater blood pressure decrease compared to the control group24. Finally, the study of Carter et al. 

showed that a physician-pharmacist collaboration achieved significantly better mean blood pressure 

and overall blood pressure control rates than the control group25.

Case-finding and decision support

As previously discussed, pharmacists are able to detect actual and potential drug-related problems 

by medication review of patients who use multiple medications. However, screening of medication 

profiles is labour intensive. Therefore, the development and implementation of decision support 

systems has become increasingly important26. In the Netherlands community pharmacies can use 

automated screening tools through the “Stichting Farmaceutische Kengetallen” (SFK) for a number 

of different disease management programs, medication review or for case-finding of potential drug-

related problems14. More importantly, Bindoff et al. showed that an intelligent decision support 

system for medication review found significantly more potential drug-related problems than an 

expert in clinical pharmacy27. Also the capabilities of these systems to link prescription data to 

laboratory results and filter-out actual problems results in a reduction of medication errors28;29. It has 

also been proven that decision support in primary diabetes care leads to significantly more clinical 

interventions30 and improved clinical outcomes31. 

Pharmacy- and prescribing-software should incorporate suggestions for prophylaxis and monitoring32. 

However, even in a highly computerized environment, rates of adverse events remain high33. Clinical 

pharmacists have shown to be able to design the clinical rules used by decision support programmes 

and should focus on implementing these systems and on increasing the number of clinical rules used. 

Medication reconciliation

Up to 64% of all hospital prescribing errors can be attributed to incomplete medication histories at 

the time of admission34;35. Studies show that 50-81% of all patients have at least one medication 

discrepancy at admission and/or discharge between the different sources (the patient, the community 

pharmacist data, or physician’s data)36-42. Duthie et al. reported that 29% of patients receiving 

cardiovascular medications inadvertently stopped at least one of these drugs due to incomplete 

medication histories43. A study involving surgical patients revealed that the preoperative medication 

histories from the surgery and anesthesiology departments showed at least one discrepancy in 73% 

of patients44.



The aim of medication reconciliation is to obtain the best possible medication history. The medication 

reconciliation process involves three steps45: 

I. Verification (collection of the medication history)

II. Clarification (ensuring that the medications and doses are appropriate)

III. Reconciliation (documentation of changes in the orders compared to history)

Patient counseling is essential for determining the accurate medication use of the patient, but also 

for optimizing pharmaceutical patient care16;46;47. Studies have shown pharmacists often obtain more 

information than physicians and nurses about patients’ medication use when they are admitted to 

hospital48-50. However, medication reconciliation performed by pharmacists together with physicians 

and nurses using an electronic application (preadmission medication list builder (PAML)) results in a 

reduction of potential drug-related problems51.

The study by Walker et al. showed a pharmacist-led discharge program providing medication 

reconciliation at discharge improved quality of care, but had no effect on readmission rates and health 

care utilization after discharge52. However, the study by Schnipper et al. showed that counseling 

by pharmacists at discharge significantly reduced adverse events at 30 days after discharge53. 

Finally, Karapinar et al. showed in a prospective observational study that direct patient counseling 

contributed to a significant increase in interventions among patients discharged from the hospital 

compared to the patients in the group without counseling54.

Clinical and economical outcomes of clinical pharmacy services

Evidence suggests that the addition of clinical pharmacy services to the care of inpatients is 

associated with improved care reduction of medication errors, patient harm and mortality, drug 

costs, and length of hospital stay55-57. There is no evidence that clinical pharmacy services are 

associated with increased harm58, although one study showed an increased number of hospital 

admissions after medication review19. The study by Bond et al. determined that seven different 

clinical pharmacy services in 885 US hospitals reduced mortality significantly. These services were: 

pharmacist-provided drug use evaluation, pharmacist-provided in-service education, pharmacist-

provided adverse drug reaction management, pharmacist-provided drug protocol management, 

pharmacist participation on the cardiopulmonary resuscitation team, pharmacist participation on 

medical rounds, and pharmacist-provided admission drug histories59. 

De Rijdt et al. concluded in their review that many studies show cost savings after implementation 

of clinical pharmacy services (Table 1). However, they determined many studies experienced 

methodological limitations and applicability to current practice. The authors pledge for more studies 

using a comparative design determining incremental cost-savings60.
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Table 1: Types of clinical pharmacy services with proven cost savings60.

Adjusted dosages for renal and hepatic clearance61-66

Advised the initiation, discontinuation, or alteration of therapies61-63;67

Advised therapeutic drug monitoring61;67

Detected and prevented pharmacologic and physicochemical interactions61;63-65;67

Detected and prevented prescribing and transcription errors68

Detected, followed up on, and prevented adverse drug events62;65;67

Provided drug information to physicians, nurses, and patients62-67

Conducted drug-use evaluation59;69

Evaluated drug history59;69

Followed up on microbial laboratory test results and antibiogram62;64;67

Implemented and tracked use of guidelines for correct use of drugs61

Implemented formulary63;65

Inquired about and counselled patients on admission and discharge drugs66

Optimized dosing and posology16,18,28,29,3361;63-65;67

Participated in physician rounds62;70-73

Substituted drugs according to formulary, allergies, contraindications, or costs61

Other recent studies in specific populations have also proven clinical and economic benefits of 

clinical pharmacists. For instance in the direct care of critically ill patients with infections74 or in 

a neurosurgical team75. Although there are studies showing no effect. For example, O’dell et al. 

showed that clinical pharmacists had no impact on readmissions in patients with acute coronary 

syndromes76. The overall trend is that clinical pharmacy services attribute to improved patient care 

at lower costs. 

The opportunities for pharmacists to assist patients with musculoskeletal disease are great and have 

hitherto been given little attention in the international literature.



Musculoskeletal disease

Musculoskeletal disease such as rheumatoid arthritis, osteoarthritis and osteoporosis are conditions 

which place a significant high economic burden as well as significant loss on quality of life. To place 

this burden in context, both osteoporosis and rheumatoid arthritis are considered to be equal to 

breast cancer in terms of loss of quality adjusted life years in The Netherlands77.

Rheumatology and Orthopedics

Both rheumatoid arthritis (RA) and osteoarthritis are crippling diseases. First line treatment consists 

of physical therapy in combination with drug therapy. Eventually, predominantly osteoarthritis leads 

to joint surgery. Joint replacements of the knee- or hip are the most common types of elective 

orthopedic surgery carried out. The incidence of knee- and hip replacement in The Netherlands is 

estimated to be 19,000 and 10,500 per year, respectively78.

Pharmaceutical care in rheumatology focuses on the use of and adherence or persistence of disease 

modifying antirheumatic drugs (DMARDs)79. Although the only available clinical trial measuring 

adherence of DMARDs was a small randomized controlled trial showing that group  counselling 

lead to a non-significant increase of adherence compared to individual counselling (90% and 69%, 

respectively; p=0.06)80. The study in the UK by Edwards et al. showed that only 50% of patients 

with a clinical diagnosis of RA received DMARDs. We could not identify any studies on (pharmacy-

initiated) interventions to improve prescription of DMARDs. 

Finally, it has been shown in a randomized trial, that an interview of the patient by a pharmacist on 

general medical and rheumatology wards led to a significant increase of drug-related problems that 

were detected81.

Pharmaceutical care in orthopedic surgery has traditionally focussed on reducing medication 

errors. A randomized controlled trial showed that a combined intervention of pharmacist medication 

assessments in a surgical preadmission clinic together with a postoperative medication order form 

reduced postoperative medication discrepancies related to home medications (12.9% versus 29.9% 

in the intervention and control group, respectively; p<0.001)82. A recent study showed that pharmacy 

technicians at a pre-operative clinic could significantly decrease medication discrepancies83. 

Moreover, it was shown that the involvement of the pharmacy technician resulted in a non-significant 

decrease of peri-operative anticoagulation errors. However, the study only concerned pre-operative 

drug management and did not report on the impact of a pharmacy service for the entire duration of 

the patients’ hospitalization. The only study considering peri-operative drug management showed 

pharmacy involvement in the preoperative admission clinic resulted in 76 interventions in 50 patients. 

However, no specific details were given on the type of peri-operative advice given46. The study of 

Buck et al. determined that 20% of patients on orthopedic wards in Denmark had a sub-optimal 

prescription. Interventions of clinical pharmacists were accepted in 70% of cases84. Finally, a study 
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in orthopedic and spinal surgery patients showed that a pharmacist-led intervention resulted in a 

31% reduction of medication errors. The intervention comprised of: improved chart surveillance by 

pharmacists, newly developed medication history form, in-service education of preoperative nursing 

staff, and request to patients to bring their medications on admission85.

Osteoporosis

Although the burden of osteoporosis is very high, osteoporosis was until recently considered as 

an inevitable part of ageing. Therefore, doctors were reluctant to diagnose and treat patients with 

osteoporosis. The incidence of fractures in the Netherlands is approximately 80,000 per year77. It 

has been shown that both vertebral- and hip fracture cause significant morbidity, e.g. immobility, 

bone- and back pain, but also cause increased mortality86;87. In the last two decades more attention 

has been given to osteoporosis, which has resulted in the availability of various treatments registered 

for osteoporosis (Table 2). 

Table 2: Drugs with Drug Agency (CBG-MEB) approval for osteoporosis in The Netherlands in 200988

Drug Class Generic drug name

Bisphosphonates Alendronate

Etidronate

Ibandronate

Risedronate

Zolendronate

Selective Estrogen Receptor Modulators (SERMs) Bazedoxifene

Raloxifene

Parathyroid hormone analogues Teriparatide

Recombinant human parathyroid hormone

Strontiumsalts Strontium ranelate

Although the availability of drug treatment is important, adherence to osteoporosis treatment has 

been shown to be a significant problem in the management of postmenopausal osteoporosis. Some 

studies have reported persistence of bisphosphonate therapy after one year as low as 24-45%89;90. 

Persistence has ranged from 39% to 77%, and adherence ranged from 41% to 76% in the control 

groups of various studies eligible for a review on the effect of interventions to improve adherence and 

persistence with osteoporosis medications91. The review showed that the studies were performed 

in an inconsistent manner. There was significant variation in which the terms adherence and 



persistence were defined and measured. Furthermore, nearly all studies showed no significant 

effect on adherence or persistence. The study of Cooper et al. showed that a patient support 

program of monthly ibandronate with reminder phone calls from nurses and a 3 monthly newsletter 

improved persistence significantly from 39% to 57%92. The authors of the review concluded that 

no clear trends regarding successful intervention techniques were identified. A comprehensive 

corticosteroid-induced osteoporosis care program, including DEXA scans, patient education and 

twice yearly follow-up visits for determination of vitamin D-status, exercise and adherence led to 

an adherence of 96% at 1 year. It must be noted that adherence wasn’t defined and only 83 of 

200 patients could be analysed at 1 year. The study also showed that patients with at least 1 

year of bisphosphonate or teriparatide use prior to their second DEXA had a significant increase 

in bone density at the spine (1.66%; p=0.016) and total hip (1.50%; p=0.022)93. The correlation 

of adherence and fracture rate was determined by Imaz et al. in a meta-analysis, showing an 

increased risk for fracture in patients with low persistence or compliance of 1.46 (95%CI 1.34-1.60 

(p<0.001)94. This shows the importance of (pharmacy-led) studies on the effect of interventions to 

improve adherence and persistence.

Not only optimizing adherence and persistence is important in quality of care of osteoporosis. 

Perhaps more important is selection of patients with osteoporosis in order to retrieve all patients with 

or at risk of osteoporosis. General screening of the whole population is not a cost-effective method, 

because of the low sensitivity of the Bone Mineral Density (BMD)-determination with Dual Energy 

X-ray Absorptiometry (DEXA) in predicting those at high risk for fracture. Approximately only 36% 

(95%CI 31-39) of patients with fractures have a low BMD (T-score < -2.5 SD) at the hip or spine and 

therefore are diagnosed with osteoporosis. Another 44% (95%CI 40-48) have osteopenia (T-score 

<-1.5 SD). More importantly, 53% (95%CI 49-57) of patients had at least one bone-related risk factor 

(e.g. a previous fracture after the age of fifty, a mother with a fracture history, a body weight of <60 

kg, severe immobility, or the use of glucocorticoids). Moreover, 75% of patients had at least one 

fall-related risk factor95. Another study showed that 10% of fracture patients experience secondary 

osteoporosis, e.g. hyperparathyroidism, hypogonadism and hypo- or hyperthyroidism96. Moreover, 

vitamin D deficiency in fracture patients is common. Studies showed that 73% of fracture patients 

have a vitamin D level < 70 nmol/L and 42%-56% < 50 nmol/L96;97. Therefore case-finding is the 

advocated method for selection of patients with (high risk of) osteoporosis.

Multiple studies have shown the effect of osteoporosis clinics, where patients with low-energy 

fractures are systematically screened for osteoporosis98-102. Part of the intervention is the interview 

with the patient for the determination of anamnestic risk factors like fracture history, family history of 

fractures, postmenopausal status and length decline. In The Netherlands most of these interviews 

are performed by physician assistants. It has been shown that nurses can achieve a significant 

improvement of the number of patients receiving a DEXA-scan102. In one small non-randomized 

study (n=28), implementing a clinical pathway for low-trauma fractures by clinical pharmacists lead 



 21Introduction |

to a significant increase in prescription of osteoporosis medications, from 25% to 83% in the control 

and reference group, respectively (p<0.01)103.

Although BMD determination using DEXA 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 treatment104;105. 

It has been shown that vertebral fractures on routine X-rays are largely under-recognized. A simple 

educational strategy significantly improved their detection and consequently improved osteoporosis 

management by general internists106.

The main cause of secondary osteoporosis is use of corticosteroids (CS). Corticosteroids have many 

side-effects, including adrenal suppression, increased 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 doses. It is estimated that as many as 30-50% 

of patients receiving chronic (≥3 months) CS-therapy suffer from fractures107-111. Corticosteroids 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 over 3 months112, 113. In the elderly ≥ 55 years this increased to 1.4%.

Corticosteroids cause a beneficial effect predominantly by activation of the cytosolic and membrane-

bound glucocorticoid receptor114. Although it has been shown that underlying diseases like rheumatoid 

arthritis cause bone-loss and use of corticosteroids diminishes inflammation possibly associated 

with this phenomenon115, an overall bone loss and increased incidence of fractures has been 

determined. The study by Van Staa et al. in 244,235 CS-users showed an increased risk of fractures 

already after 3 months of CS-use. The effect was dose-dependent (≥ 5 mg prednisolonequivalents 

causing a significant increased risk), and no dose was entirely safe110;113. Various pathways have 

been described in which glucocorticosteroids cause bone loss. For example, corticosteroids inhibit 

the differentiation, proliferation and function of osteoblasts. Furthermore, corticosteroids induce the 

formation of osteoclasts by increasing the expression of M-CSF and RANK-L, cytokines involved 

in osteoclast differentiation, and decreasing the expression of osteoprotegerin, the soluble decoy 

receptor of RANK-L116. Other effects of corticosteroids include decreased intestinal calcium 

absorption, elevated urinary calcium excretion and a tendency to secondary hyperparathyroidism 
115;117.

Overall, corticosteroids lead to suppression of bone formation and increased bone resorption. 

Corticosteroids alter bone mass and trabecular architecture and may also alter bone matrix 

composition, thereby increasing bone fragility118. The effects of corticosteroids on bone differ from 



bone loss in postmenopausal osteoporosis. It is estimated that fracture thresholds in CIOP lay -1 

SD higher compared to postmenopausal osteoporosis110. It has been shown that in male CIOP 

patients, using a multivariable regression analysis, there was no association between spinal BMD 

and prevalent vertebral fractures119.

Despite the devastating effect of corticosteroids on bone, multiple studies have shown a low degree 

of prevention of CIOP112;120-126. Yood’s recommendations were to put more effort in determining the 

reasons for non-prescribing and selection of effective intervention strategies127. An editorial by Lems 

also highlighted that a more concerted effort is required to implement guidelines128.

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

7.1% of targeted patients after an intervention129. One study directed at education of patients130 and 

one multifaceted intervention study directed at rheumatologist131 showed no effect. Both studies 

also included patients on short term (<90 days) corticosteroid use, which do not qualify for CIOP 

prophylaxis according to the prevalent guidelines. Curtis et al.132 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. 

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 44mg/day) oral CS (≥ 7.5 mg, ≥ 3 months)133. 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 this educational intervention was only 

targeted to a group of specialists and a group of patients using very high dosages of corticosteroids. 

These results cannot be generalised to the whole population at risk of CIOP. Finally, in the study 

by Naunton et al. a pharmacy-based comprehensive educational intervention was undertaken126. 

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. 

All studies except the study by Loszadi, which was performed in a highly specialized setting, 

showed limited or no effect of interventions to improve the degree of prevention of CIOP. Therefore 

studies are needed to provide more insight into effective intervention strategies. Since pharmacists can  

detect chronic use of corticosteroids in their patient data software and are able to provide 

pharmaceutical care, it is expected they can make a difference.
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Implications for research

After a review of the international scientific literature we concluded that the evidence supporting  

specialized pharmaceutical care in patients with musculoskeletal disease is limited in the areas of:

•	 Improvement	of	adherence	and	persistence	of	DMARDs	and	bisphosphonates

•	 Improvement	of	treating	patients	with	rheumatoid	arthritis	with	DMARDs

•	 Use	of	calcium	and	vitamin	D	in	patients	with	(high	risk	of)	osteoporosis

•	 Case-finding	and	treatment	of	patients	with	risk	of	corticosteroid-induced	osteoporosis

•	 Peri-operative	drug	management	in	orthopedic	surgery

Given the limitations of the published research, our studies were focussed on:

1. Improving the treatment and prophylaxis of corticosteroid-induced osteoporosis. Therefore, in 

a systematic review we determined the international trends in prevention of CIOP. Hereafter we 

determined the longitudinal patterns in prophylaxis of CIOP in our region. Using a survey we tried 

to detect barriers for prescribing adequate CIOP prophylaxis and we tested the knowledge of 

prescribers considering the diagnosis and treatment of CIOP. Finally, we determined the effect on  

CIOP prevention rates in a controlled pharmacy based multifaceted intervention study.

2. Assessment of the effect of a pharmacy based multifaceted intervention on actual and potential 

drug-related problems in patients undergoing orthopedic surgery. Main components of the 

intervention were medication reconciliation at the preoperative surgery clinic, at hospital admittance 

and at discharge. Moreover, following each reconciliation, clinical medication review (level 3) was 

performed by a hospital pharmacist. Finally, the hospital pharmacist proposed interventions to the 

anaesthesiologist considering peri-operative drug management.
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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
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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.
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Abstract

Introduction

Previous studies have shown that long-term corticosteroid users are undertreated for osteoporosis 

prevention. Our aim was to identify prevention trends in long-term corticosteroid users from 2001-

2005 in The Netherlands and to identify predictors for bisphosphonate prophylaxis.

Methods: Pharmacy dispensing data were used from 9 community pharmacies. All oral corticosteroid 

doses were converted to “prednisolone equivalents”. We then identified long-term(=90 days) 

corticosteroid episodes, which required bisphosphonate prophylaxis as per 2002 Dutch guidelines. 

Multivariate logistic regression was used to identify predictors for receiving prevention. 

Results

We identified 615 different corticosteroid patients requiring prophylaxis. From 2001-2005 the use of 

bisphosphonates increased from 38% to 54% (p= 0.001). In 2005 females were prescribed more 

bisphosphonates than males (61% vs. 39%; p= 0.002), or any treatment (72% vs. 45%; p<0.001). 

Multivariate analysis showed that longer duration of corticosteroid use and disease-modifying 

antirheumatic drug (DMARD) use were independent predictors of bisphosphonate use. Use of 

respiratory medication was a negative predictor of bisphosphonate use.

Conclusion

There has been a significant increase in osteoporosis prophylaxis in a population at high risk for 

osteoporosis/fractures. In particular, females appear reasonably well treated; however, men are still 

not receiving prevention to the same degree as women. 



Introduction 

Corticosteroid-induced osteoporosis (CIOP) is the most common type of secondary osteoporosis 

with up to 50% of chronic corticosteroid users sustaining fractures1;2. Numerous international 

studies have demonstrated that osteoporosis is underrecognized and undertreated in corticosteroid 

users3-5. In The Netherlands, national specialist guidelines (2002) recommend preventive therapy 

for those on ≥7.5 mg/day prednisolon(equivalents) for longer than 3 months6. Curtis et al. recently 

showed that despite significant increases in osteoporosis prevention in long-term corticosteroid 

users, absolute rates remain low in the USA3. From a European perspective, we are unaware of 

any published research investigating the longitudinal patterns in osteoporosis prescribing. The aim 

of this study was to (a) identify prevention trends from July 2001-December 2005 in long-term 

corticosteroid users who required osteoporosis/fracture prophylaxis as per Dutch 2002 guidelines 

(b) identify predictors for receiving bisphosphonate prophylaxis. 

Methods

Population 

We used pharmacy dispensing data (deidentified) from nine community pharmacies spread over four 

cities/towns in the northern part of The Netherlands (catchment population approximately 125,000). 

To assess the prevalence of prophylaxis for CIOP between July 2001 and December 2005, 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. 

Inclusion criteria 

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

according to Dutch (2002) guidelines 6 during the period July 2001 to December 2005. 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 gender should receive bisphosphonate treatment independent of BMD. The 

guidelines state that calcium and/or vitamin D alone is insufficient prophylaxis. A postmenopausal 

status was assumed for women aged ≥55 years. 

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, inhaled, and topical 

corticosteroids were excluded. All corticosteroid doses were converted to “prednisolone equivalents” 

using defined daily dose (DDD)7. 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.  
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We excluded those who appeared to use implausible daily doses of prednisolone (≥100 mg/day 

prednisolone or equivalent3). The initial prescriber of the corticosteroid was determined from the pharmacy 

data. In The Netherlands both general practitioners (GPs) and specialists prescribe directly. 

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, and vitamin K antagonists (VKA) or low molecular weight heparins (LMWH).

Statistics 

Standard descriptive methods and statistics were used to characterise the study population using 

SPSS® version 14 (SPSS, Chicago, IL United States). 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 (age; sex; number of co-medication; 

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

PPI, NSAID, DMARD, respiratory medication, antiplatelets, VKA, and LMWH 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 two-tailed p value <0.05 was 

considered statistically significant. 



Figure 1: Flow chart of subjects

9721 corticosteroid episodes identified
Excluded

- 27 no birthdate
- 36 length of therapy unknown
- 4 sex unknown
- 22 dose ≥100 mg/day

 
Excluded

- 77 episodes of patients with >1 episode

Excluded
- 1089 dose < 7.5 mg/day
- 121 male < 70 year and ≥7.5 mg < 15 mg/day
- 60 female < 55 year and ≥7.5 mg < 15 mg/day

Excluded
-  7670 episodes using corticosteroid < 90 days

9632 corticosteroid episodes

615 corticosteroid patients first episode

1962 different episodes using 
corticosteroid ≥ 90 days

692 corticosteroid users met 2002 
Dutch guidelines for osteoporosis 

prophylxis

Results 

We identified 692 different corticosteroid episodes which met the inclusion criteria for requiring 

prophylaxis. This group consisted of 615 different patients (Figure 1). Of these 615 patients 

requiring prophylaxis, 267 (43%) received a bisphosphonate (51% received any prevention). The 

characteristics of the bisphosphonate and non-bisphosphonate users are shown in Table 1. 

Trends in osteoporosis prevention 

Figure 2a shows the use of CIOP-prophylaxis in patients who require prophylaxis with bisphosphonates 

according to Dutch guidelines. From 2001-2005 bisphosphonate use increased from 38% to 54% (trend 

p= 0.001) and any treatment increased from 48% to 62% (trend p= 0.001). Figure 2b shows the sex 

differences in osteoporosis prevention (2001-2005) in those requiring prophylaxis. Females received 

more osteoporosis prevention than males (72% vs. 45%; p<0.001) in 2005. Specifically, females used 

more bisphosphonates in 2005 than males (61% vs. 39%; p= 0.002). Bisphosphonate use in females 

significantly increased from 40% in 2001 to 61% in 2005 (p= 0.001). For men there was a non-significant 

increase in any osteoporosis prevention (p= 0.09) or bisphosphonate use (p= 0.20). 
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Table 1:  Characteristics of 615 corticosteroid users (July 2001 - Dec 2005) requiring 

bisphosphonate prophylaxis according to 2002 Dutch guidelines 

Characteristic

       Bisphosphonate 

       prescribed (n = 267)

       Bisphosphonate 

       not prescribed (n = 348) Statistics§

Female (%) 187 (70) 188 (54) p < 0.001

Mean age (SD) 66.5 (14.2) 69.7 (16.1) p = 0.01

Mean dose (SD) 16.3 (9.6) 15.5 (9.3) p = 0.31

7.5-15 (%) 158 (59) 218 (63)

≥15 109 (41) 130 (37)

Mean length of therapy (SD) 631 (517) 341 (348) p < 0.001

≥180 days (%) 222 (83) 192 (55) p < 0.001

Prescriber of initial corticosteroid* (%) p = 0.07

GP 90 (47) 157 (55)

Specialist 103 (53) 128 (45)

Mean number of co-medications** (SD) 5.6 (3.9) 5.3 (3.6) p = 0.28

PPI (%) 164 (61) 177 (51) p = 0.009

NSAID 133 (50) 122 (35) p < 0.001

Antiplatelet 53 (20) 69 (20) p = 0.99

VKA/LMWH 53 (20) 83 (24) p = 0.24

Resp 83 (31) 156 (45) p = 0.001

DMARDs 77 (29) 33 (9) p < 0.001

Osteoporosis prevention (%)

Calcium 105 (39) 24 (7) p < 0.001

Vitamin D‡ 14 (5) 5 (1) p = 0.01

Calcium and vitamin D‡ 67 (25) 12 (3) p < 0.001

HRT 4 (1) 7 (2) p = 0.76

SERMs 0 0 NA

§ bisphosphonate vs non bisphosphonate user; *3 prescribers unknown + 134 prevalent corticosteroid users 

(initial prescriber not retraceable) ** excluding the corticosteroid.
‡ includes activated and non-activated vitamin D.

Abbreviations: GP: general practitioner; PPI: proton pump inhibitors; NSAIDs: non steroidal anti-inflamma-

tory drugs; VKA: vitamin K antagonists; LMWH: low molecular weight heparins; Resp: inhaled medications 

for asthma/COPD; DMARDs: disease-modifying anti-rheumatic drugs; HRT: oral estrogen±progesterone; 

SERMs: selective estrogen receptor modulators.



Figure 2: Trends in prescribing of osteoporosis prophylaxis in 

corticosteroid episodes requiring bisphosphonates as per Dutch guidelines. 

a) All preventive agents  

b) Influence of gender
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Variables influencing the use of bisphosphonates 

Multivariate analysis showed that duration of corticosteroid use ≥ 360 days (OR 6.50; 95%CI:3.64-

11.60) and DMARD use (OR 2.55; 95%CI:1.38-4.69) were positive predictors to the prescribing 

of bisphosphonates. Use of respiratory medication (OR 0.48; 95%CI:0.29-0.78) was a negative 

predictor for the prescribing of bisphosphonates. Male sex was a negative predictor in the univariate 

analysis (OR 0.51; 95%CI:0.37-0.72), but in multivariate analysis trended towards significance (OR 

0.69; 95%CI:0.44-1.09). 

  

Discussion 

Our study has described the trends in osteoporosis prevention in a group of patients in which 

Dutch guidelines recommend bisphosphonates be used independent of BMD. We have observed 

improvements in preventive therapy use in those who fulfil Dutch guidelines. These improvements are 

likely to have coincided with the introduction of Dutch specialist guidelines for osteoporosis and CIOP 

in 2002. In addition, in March 2005, we distributed locally produced CIOP prevention guidelines to 

general practitioners, pharmacists, and specialists. Curtis et al.3 recently showed that in the USA there 

has been a gradual increase in BMD testing and osteoporosis prophylaxis prescribing in corticosteroid 

users, although absolute rates remain low. 

Disappointingly we have shown that males are still significantly less likely to receive osteoporosis 

prophylaxis than females. Furthermore, in contrast to females, males showed no significant 

improvement from 2001-2005. Other recent studies have also found that males appear undertreated 

more than females3;8. It is possible that females are given more attention than males because of their 

postmenopausal bone loss, which men do not experience. However, the reasons why men are less 

treated remain enigmatic and further study is required to investigate these sex differences. 

DMARD users were 2.5 times more likely to receive a bisphosphonate and users of respiratory 

medication were less than half as likely to receive bisphosphonate prophylaxis. We speculate that 

this may be related to the particular doctor specialty. If this is true, our data is in agreement with 

the recent paper published by Saag et al.8 who found rheumatologists were 3.5 times more likely 

to prescribe non-estrogen osteoporosis therapy and respiratory physicians the least likely out of all 

specialists to prescribe non-estrogen osteoporosis prevention in long-term corticosteroid users. 

There are some limitations to our study that require comment. Firstly, we did not have clinical 

information on our patient group such as BMD testing or fracture history. However, Dutch guidelines 

recommended all patients commence bisphosphonates if they are on ≥ 15 mg/day or are receiving 

≥ 7.5 mg/day and are postmenopausal or ≥70 years (male) independent of BMD. We were also 

unable to exclude those patients in whom osteoporosis prevention may be inappropriate, for 

example, patients suffering from alcoholism, dementia, and serious renal impairment. However, 

given the mean age of our patients we believe this is also unlikely to affect our overall results. Lastly, 

we have obtained data from a specific region (and do not have a control group) in The Netherlands 



and therefore our results may not be generalisable to the entire Dutch population. However, 

corticosteroid use in our catchment population (0.5%) was comparable to other population-based 

studies (0.5-0.9%)9;10 and our exclusion criteria were negligible. 

Despite our study’s limitations, we believe that postmenopausal corticosteroid users are now being 

reasonably well treated because bisphosphonate use was 61% and any prophylactic treatment was 

72% in 2005. The high use of prophylaxis in females probably reflects that doctors and pharmacists 

are finally recognizing this patient group. Although it is difficult to define an absolute standard of 

care, recognising contraindications as well as patient refusal or intolerance, we believe that in our 

population there is probably scope for further absolute improvement in the use of bisphosphonates 

of approximately 10-20% in females and 30-40% in males. 

There are multiple reasons why patients are not receiving prophylaxis as recently highlighted11. 

Clearly, efforts are required to address the undertreatment and there have been interventions 

educating patients, pharmacists, GPs and specialists which demonstrated an improvement in CIOP 

management5;12. We are prospectively investigating the effect of a pharmacist recommendation to 

GPs whose patients require prophylaxis. Importantly, doctors are required to list specific reasons 

why their patients are not prescribed bisphosphonates, which we hope will allow a standard of care 

to be defined so future audits can assess if CIOP prevention is satisfactory. 

Conclusion 

We have found that in patients requiring prophylaxis with bisphosphonates according to Dutch 

guidelines, prevention was received in 54% of the cases in 2005. It is clear that there has been a 

significant improvement in the treatment of women who now appear to be reasonably well treated. 

However, men are still not receiving prevention to the same degree as women, and it is now time to 

focus our attention and address this issue to identify if they are genuinely neglected. 
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Abstract

Introduction

Despite the availability of effective treatments for the management of corticosteroid-induced 

osteoporosis (CIOP), the condition is undertreated. Aim of the study was to assess prescribers’ 

knowledge and likely prescribing patterns concerning the diagnosis and treatment of CIOP. 

Another goal was to identify key barriers to the use of preventive therapy in patients using long-term 

corticosteroids.

Methods

A postal survey was carried out among general practitioners and specialists in The Netherlands. 

The survey comprised of questions on: demographic data, perceived barriers to the use of 

preventive therapy for CIOP, and knowledge of diagnosis and treatment of CIOP. Case scenarios 

were questioned to assess practice patterns.

Results

Responding prescribers correctly answered an average of 55% of knowledge questions and 69% 

of case scenarios. Multiple questions and cases showed that knowledge on the use of bone 

mineral density (BMD) determination was poor. BMD was determined in patients who, according to 

the national osteoporosis guideline, should be treated with bisphosphonates independent of BMD. 

Moreover, only 18% of doctors correctly answered that the BMD cutoff in CIOP patients is a T-score 

of ≤-1 or ≤-1.5. Key barriers identified were: 

1 GPs, significantly more than specialists, consider prescription of preventive therapy the 

 responsibility of another doctor.

2 Discontinuation of anti-resorptive medication due to adverse effects.

3 Reluctance to prescribe preventive therapy in patients already prescribed multiple 

 medications.

Conclusions

Doctors did not identify many barriers to the prescribing of anti-resorptive therapies. Lack of 

knowledge, especially concerning use of BMD-results, likely led to the under-treatment of the 

presented patients.



Introduction

Osteoporosis is a major concern for both the individual patient and to the general community due to 

increased morbidity, mortality1;2, and financial costs arising from fractures3. It has been shown that 

fractures can profoundly threaten the quality of life of the elderly, and the consequences of ignoring 

osteoporosis until fractures occur often are dramatic for elderly patients3-5. Furthermore, the number 

of fractures is expected to increase in the community due to the world’s aging population6.

A number of studies have reported decreases in bone mineral density and/or an increase in fracture 

risk during oral corticosteroid treatment7-9. Corticosteroid-induced osteoporosis (CIOP) is the most 

common type of secondary osteoporosis10. 

Despite the availability of effective treatments11, CIOP is under-treated, even in high risk groups 

of individuals who have suffered previous fractures12. A recent systematic review of 24 studies 

between 1995 and 2006 showed that the average pharmacological prophylaxis rate was 31±25% 

(range 1-86) for bisphosphonates, 41±23% (range 7-86) for any antiresorptive treatment (excluding 

Calcium and Vitamin D) and 54±30% (range 11-93) for any treatment (including calcium and vitamin 

D)13. More recent intervention studies showed treatment rates for any osteoporosis prophylaxis 

(excluding calcium and vitamin D) of only 35%14, 47.5%15, 54%16 and 57%17 of patients at risk of 

CIOP.

The under-recognition and under-treatment of osteoporosis in general has been demonstrated 

in surveys to be related to physician, patient and health-care system barriers18. A previous study 

by Taylor et al. demonstrated that surgeons regard primary care physicians responsible for any 

investigation and subsequent medical treatment of fracture19. In addition, primary care physicians 

seem not convinced of the efficacy over the adverse outcomes and associated costs20 and require 

more information regarding bone mineral density BMD testing21. Patient factors have also been 

investigated, with perception and beliefs about treatment also contributing to the under-treatment 

or unwillingness to accept treatment22. 

In the Netherlands, due to its geography and health care system, most patients have access to BMD 

testing and to effective, affordable therapy. The Dutch osteoporosis guidelines recommend initiation 

of preventive therapy independent of BMD in patients using more than 15 mg/day prednisolone, in 

postmenopausal women, or men ≥ 70 years using more than 7.5 mg/day prednisolone23-25 (See 

Figure 1).

There is evidence demonstrating the usefulness of academic detailing to increase prescription 

rates for patients prescribed corticosteroids12. Although not directly investigated, a lack of 

preventive therapy in patients prescribed corticosteroids maybe due to doctors not being aware 

that corticosteroids increase risk of fracture, independently of BMD26, and that patients receiving 

long-term oral corticosteroids should be considered for preventive therapy. The study of Werner 

& Vered showed adequate knowledge on diagnosis and management of osteoporosis. However, 

only one question on CIOP was incorporated in the survey27. 
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The study of Buckley et al. showed that doctors’ judgment of the risk of CIOP varied significantly by 

physician specialty28. A Danish study by Nielsen et al. showed that knowledge of the use of BMD, 

BMD cutt-off values, and corticosteroid dose and length of use in relation to prevention of CIOP is 

insufficient29. Finally, a study by Guzman-Clark determined that barriers in CIOP management were 

lack of knowledge, having limited time, patient non-adherence, and system problems30.

There have been no specific studies conducted regarding doctors’ knowledge on CIOP in relation 

to treatment of (hypothetical) patients and barriers to the prevention of CIOP.

Figure 1: Overview of Dutch CIOP guidelines23-25
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Objective

The aim of this study was to determine the knowledge and likely prescribing practices of general 

practitioners and medical specialists concerning the diagnosis and treatment of CIOP. A second 

aim of this research was to assess general practitioners and medical specialists perceptions of 

barriers to the use of preventive therapy (including patient barriers) in patients undergoing long-term 

corticosteroid use.

Methods

A postal survey was undertaken among registered general practitioners (GPs) and physicians 

from different specialties (rheumatologists, general physicians, orthopedic surgeons, respiratory 

physicians, gynaecologists, neurologists, geriatricians and dermatologists) in The Netherlands. A 

pilot study was conducted in 200431 and the final survey was administered in 2007. Respondents 

were included only once. 

Doctors were sent a personalized letter of explanation and a survey. Replies were returned via 

an enclosed postage-paid envelope. A follow-up reminder letter was sent to all non-responding 

doctors approximately 1 month after the initial letter was sent. A brief preliminary section of the 

survey form dealt with the demographics of the doctor (years registered as doctor, age, sex, 

practice population (young, old, mix of young and old) and the use of Dutch CIOP guidelines 

(seldom or never, sometimes, always or regularly). Doctors were also asked whether they thought 

that CIOP was an important clinical problem.

The first section of the survey sought doctors’ opinions on barriers to the use of anti-resorptive 

drugs. This section sought responses from statements on a 100mm Visual Analogue Scale (VAS), 

with extremes marked ‘agree completely’ and ‘disagree completely’ and the possibility to mark 

“I don’t know”.

The second section of the survey consisted of questions to assess prescribers’ knowledge of 

diagnosis and treatment of CIOP. In the 2004 survey, knowledge questions were answered using 

a 100mm Visual Analogue Scale (VAS), with extremes marked ‘agree completely’ and ‘disagree 

completely’ and the possibility to mark “I don’t know”. The knowledge questions in the 2007 survey 

were multiple choice, using simple statements like: “True”, “False”, “I don’t know” (see Table 3). 

The correct answers to the questions were determined using the existing Dutch guidelines23-25. 

There were eleven case scenarios using hypothetical patients prescribed corticosteroids given 

in the third section of the survey, in which doctors had to indicate what intervention they felt was 

appropriate (e.g., bisphosphonate, calcium & vitamin D, BMD-determination, etc.) (see table 4). 

Strontiumranelate became one of the treatment options only in the 2007 survey since it was not yet 

registered in 2004 in The Netherlands.
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Statistics

The survey responses were treated anonymously, and data from all the responses were pooled. 

Upon receipt of the completed survey forms, the data were entered, stored and analysed. All 

analyses were performed using SPSS® version 15 (SPSS, Chicago, IL United States). The VAS 

scores were transferred into scores using a 5-point Likert-scale, selecting the nearest integer 

number on the scale. For the answers on the knowledge questions in the 2004 survey, the four outer 

scores, i.e. “(dis)agree completely” and “(dis)agree”, were transferred into Yes and No (depending on 

the question). A middle score was marked as “I don’t know”. Respondents that answered less than 

the arbitrary cut-off point of <15% of the questions of a specific part of the survey were excluded 

from the analysis of that part of the survey.

Differences between normally distributed data (e.g. years as doctor or age and type of doctor) were 

tested using an independent Students t-Test. Relationships between data that were not normally 

distributed (e.g., variables such as type of doctor and perceptions of barriers to the use of anti-

osteoporosis therapy) were investigated using non-parametric statistical procedures (Mann-Whitney 

U test). To compare the relationships between type of doctor and categorical responses, chi-

square tests or Fisher-exact tests were used. A p-value less than 0.05 was considered statistically 

significant. 

Results

Of the 390 survey forms mailed to doctors, 114 were returned, yielding a 29% response rate. The 

demographics of doctors are shown in Table 1. 

Table 1: Demographics of responding doctors

All doctors

(n= 114)

GPs

(n = 88)

Specialists

(n = 26) p Value

Mean age (years, range) 48 (35-60) 48 (35-58) 47 (36-60) p = 0.50

Sex: males (%) 68 69 64 p = 0.67

Mean years registered (range) 18 (4-35) 18 (4-35) 18 (6-34) p = 0.89

Patient demographics (%)

Young 7 8 4

p = 0.13Old 15 13 23

Mix of young and Old 78 80 73

Use  of Dutch CIOP management

guidelines (%)

Always or regularly 66 63 73

p = 0.70Sometimes 20 22 12

Seldom or never 15 15 15

CIOP is an important clinical problem; Yes (%) 92 89 100 p = 0.48

Abbreviations: CIOP: corticosteroid-induced osteoporosis; GPs: general practitioners.



Ninety-two percent of responding doctors indicated that CIOP was an important clinical problem. 

However, only 66% of responding doctors always or regularly used Dutch CIOP management 

guidelines. There were no significant differences between GP’s and specialists. There were few 

barriers identified to the prescribing of anti-resorptive therapy by doctors (Table 2). 

Table 2: Perceived barriers to the treatment of CIOP by doctors

Barrier All doctors (n=109) GPs Specialists

p ValueMean+SD 

(Median)

Don’t Know 

(%)

Mean+SD 

(Median)

Mean+SD 

(Median)

1.   It’s often the responsibility of    
      another doctor (e.g. specialist or  
      general practitioner, vice versa)

2.6±1.4 (3) 2 2.9±1.4 (3) 1.5±1.0 (1) = 0.002

2.   Many patients cease therapy for 
      osteoporosis prevention/treat 
      ment due to adverse effects 2.6±1.3 (3) 2 2.7±1.3 (3) 2.3±1.5 (2) = 0.17

3.   Difficulty prescribing more 
      medications to patients on
      multiple medications

2.3±1.4 (2) 0 2.4±1.4 (3) 1.8±1.3 (1) = 0.06

4.   Patients are concerned about 
adverse effects from anti-
osteoporosis medications

2.3±1.3 (2) 7 2.3±1.3 (2) 2.1±1.4 (2.5) = 0.72

5.   Bisphosphonates have a difficult
      intake advice causing non-

adherence
2.0±1.2 (2) 2 2.0±1.1 (2) 1.9±1.5 (1) = 0.41

6.   A lack of interest by the patient
      for osteoporosis prevention 1.8±1.2 (2) 2 2.0±1.2 (2) 1.4±1.2 (1) = 0.06

7.   There is a lack of time to discuss 
      CIOP with the patient 1.8±1.3 (1) 1 1.8±1.2 (1) 1.8±1.4 (1) = 0.84

8.  My knowledge of the curren
     CIOP guidelines is insufficient 1.7±1.5 (1) 0 2.1±1.5 (2) 0.5±0.5 (0) = 0.001

9.  Patients intolerant of one
     bisphosphonate  should not
     receive another bisphosphonate

1.7±1.3 (1) 28 1.9±1.3 (1) 0.9±1.0 (1) = 0.002

10. The safety of the available
      medications  could be better 1.7±1.2 (1) 20 2.0±1.2 (1.5) 1.0±1.2 (1) = 0.03

11. There are often contraindica-
      tions to therapy 1.7±1.1 (1) 3 1.8±1.0 (2) 1.4±1.3 (1) = 0.03

12. The existing guidelines are dif-
ficult to translate into practice 1.7±1.1 (1) 7 1.9±1.1 (2) 1.1±1.0 (1) = 0.008

      Mean±SD per respondent
      (95%CI) 1.9±0.7 -

2.0±0.6

(1.8-2.1)

1.4±0.8

(1.1-1.7)
= 0.003

Note: Statements were translated from Dutch

Abbreviations: SD: standard deviation; CIOP: corticosteroid-induced osteoporosis; GPs: general practitioners. 

1 = disagree completely; 2= disagree; 3= no opinion; 4= agree; 5 = agree completely
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The primary concerns were: 

1 GPs, significantly more than specialists, consider prescription of preventive therapy the 

responsibility of another doctor.

2 Discontinuation of anti-resorptive medication due to adverse effects.

3 Reluctance to prescribe preventive therapy in those patients already prescribed multiple 

medications. 

GPs had significantly higher mean VAS scores when compared to specialists. Significantly more 

GPs felt their knowledge of the current guidelines was insufficient. This section of the survey also 

showed that 28% of doctors did not know whether patients intolerant of a bisphosphonate can be 

treated with another bisphosphonate32. 

The responses from doctors concerning their knowledge are shown in Table 3a. The mean 

percentage of correctly answered questions per respondent was 55%. Sixteen percent of all 

doctors correctly answered ≥70% of the questions. Significant differences were shown between 

GPs and specialists in Table 3b. There was no significant difference in the mean percentage 

correctly answered questions between the two groups.

More than 40% of respondents did not know that strontiumranelate and raloxifene were not 

approved for the prophylaxis of CIOP and whether or not the use of bisphosphonates is restricted 

in patients with impaired liver- or kidney function. It is remarkable that only 18% of doctors knew 

the correct BMD T-score cut-off for CIOP (≤-1 or ≤-1.5). This is confirmed by the fact that 36% of 

respondents disagreed with the statement that the diagnosis of CIOP can only be made if the BMD 

T-score is ≤-2.5. 

Decisions to treat and the type of treatment chosen by respondents for various hypothetical patients 

prescribed corticosteroids (case scenarios) are shown in Table 4. It is apparent that the percentage 

of correctly answered cases increases when a BMD-measurement was performed or the patient 

had suffered a fracture. A patient with a T-score of -2.6 was most likely to receive adequate 

treatment. In the majority of cases the most frequent incorrect decision was an unnecessary BMD-

determination. On average respondents treated 69% of patients according to the current guideline. 

Sixty-five percent of all doctors correctly answered ≥70% of the cases. There were no significant 

differences between GPs and specialists (data not shown).

Discussion

Summary of main findings

The intention of this survey was to investigate the reasons for the discrepancy between guideline 

recommendations for CIOP and clinical practice. The study showed that 69% of hypothetical patients 

were treated according to the guidelines. However, on average, 55% of knowledge questions were 

answered correctly, with only 16% of doctors answering more than 70% of questions correct. 

Knowledge on BMD-determination and (relative) contraindications for bisphosphonate treatment 



Table 3a: Doctors´ knowledge concerning CIOP risk factors and treatment

Table 3b: Differences in knowledge of GPs and specialists concerning CIOP

Statement
Response (%) n=105

Correct 
Answer

Correctly 
answered

Incorrectly 
answered

Don’t 
know

1. Strontium ranelate can be prescribed for the prevention of CIOP No 10 49 41

2. What is the BMD cut-off value for treatment of CIOP 
(T-score:<-0.5, <-1, <-1.5, <-2, <-2.5) <-1, <-1.5 18 46 36

3. Raloxifene can be prescribed for the prevention of CIOP No 28 21 51

4. Supplementation of vitamin D in patients treated with bisphosphonates is    
      necessary (yes, no, dependent on vitamin D blood-levels)

Depending on 
bloodlevels 31 59 10

5. The diagnosis of CIOP can only be made if the BMD T-score is ≤ -2.5 No 36 23 41

6. A patient with a GFR < 30ml/min should not receive a bisphosphonate Yes 46 13 41

7. A patient with a history of reflux, dyspepsia or GI-bleeding should NOT  
be prescribed a bisphosphonate No 47 40 13

8. A patient with impaired liver function should NOT receive a bisphosphonate No 50 4 47

9. BMD measurements can be used to determine therapy adherence No 57 31 12

10. The  deleterious effects on the bone from corticosteroids is NOT reversible No 59 22 19

11. Inhaled corticosteroids increase the risk of bone loss and fracture No 64 26 11

12. Corticosteroids increase the risk of fracture in the first 6-12 months Yes 66 11 23

13. Corticosteroids increase the risk of fracture independently of BMD Yes 74 12 14

14. Calcium supplements should usually be prescribed to patients who 
      are treated for CIOP

Yes and de-
pending on diet 76 11 13

15. A patient treated with a NSAID should NOT receive bisphosphonate 
      therapy No 82 5 14

16. Bisphosphonates are first line therapy for prevention of CIOP Yes 86 5 9

17. Corticosteroids increase the risk of fracture ONLY if the dose is ≥ 15mg/day No 89 2 9

18. Patients with normal BMD and a high dose (≥ 15mg/day) corticosteroid  
      should NOT receive preventive therapy for osteoporosis No 91 5 5

 Mean percentage correct per respondent (SD) 55 (±17)

Statement
Correct respons (%)

Correct 
Answer GPs Specialists p Value

1. Strontium ranelate can be prescribed for the prevention of CIOP No 4 33 p = 0.01

11. Inhaled corticosteroids increase the risk of bone loss and fracture No 77 14 p < 0.001

18. Patients with normal BMD and a high dose (≥ 15mg/day) corticosteroid    
 should NOT receive preventive therapy for osteoporosis No 97 70 p = 0.03

 Mean percentage correct per respondent (SD) 55(±16) 55(±23) p = 0.95

Note: Statements were translated from Dutch

Abbreviations: SD: standard deviation; CIOP: corticosteroid-induced osteoporosis; BMD: Bone Mineral Density; 

GPs = general practitioners
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Table 4a: Percentage correct answers for case scenarios of long-term users 

(10mg/day prednisolone)

Table 4b: Treatment decisions for case scenarios of long-term prednisolone 

users (10 mg/day prednisolone$)

Case
Type of case scenario Correct 

(%) (n=103)Sex Age T-score Fracture Other

1 F 65 - - 5mg/day 42

2 F 45 -1.8 - 53

3 F 80 - - 58

4 F 80 - vert early dementia 67

5 F 65 - wrist 72

6 F 65 -1.8 - 74

7 M 70 -1.8 - 74

8 M 70 -1.7 wrist 79

9 F 65 -1.8 wrist 81

10 F 80 - vert 82

11 F 65 -2.6 - 84

Mean percentage correct per respondent (SD) 69 (±27)

1st Choice treatment (%)
Case Scenario (n=103)

1$ 2 3 4 5 6 7 8 9 10 11

Bisphosphonate

(and calcium + vitamin D#)
22 53* 54* 62* 56* 74* 74* 79* 81* 72* 84*

Repeat BMD 1 yr - 23 - - - 12 13 7 2 - 1

Determine BMD

and possibly treat
42* - 26 4 24 - - - - 7 -

Determine BMD and treat with 

bisphosphonate
2 - 4* 5* 16* - - - - 10* -

Calcium + vitamin D 6 8 7 10 0 6 5 7 9 2 3

Raloxifene

(and calcium + vitamin D#)
2 12 2 5 3 1 2 4 5 4 8

Strontiumranelate 

(and vitamin D#)
0 0 0 2 0 3 0 0 0 1 0

Do nothing 16 2 4 7 0 4 3 1 0 2 1

Other 6 3 2 4 0 1 0 1 4 2 1

Don’t Know 5 0 1 2 1 0 3 2 0 1 3

$ Patient in case scenario 1 uses 5 mg/day

* Correct answer
# Depending on diet and sun exposure

Abbreviations: T-score: bone mineral density (BMD) outcome; Vert: vertebral; M = male; F = female



were the main problem areas. The lack of knowledge of BMD-determination was confirmed by 

the hypothetical cases, since the largest percentage of doctors answered incorrectly that a BMD-

measurement was necessary. 

This study has identified several barriers perceived by GPs in the treatment and prevention of 

corticosteroid-induced osteoporosis. Remarkably, specialists overall did not identify any barriers. 

Most striking was the perception by GPs that commencement of preventive therapy was the 

responsibility of specialists, while GPs often manage repeat prescriptions of corticosteroids. Other 

barriers were polypharmacy and discontinuation of medication by patients. Therefore, this study 

highlights that not only prescriber barriers but also patient barriers concerning adherence contribute 

to the low prevention rates of CIOP.

Strengths and limitations of the study

There are some limitations to our survey. The study size was limited, which limits generalization 

and statistical comparison between doctors. Respondents may be those with greater interest and 

knowledge in the area. As we did not obtain non-responder data, we cannot comment on responder 

bias. The response rate was 29%, similar to that achieved in other surveys of doctors treatment 

practices33 and was considered acceptable considering the length of the questionnaire (8 pages)34. 

For example an osteoporosis knowledge survey of Werner et al. showed a response rate of only 19%27. 

Some respondents may have used references to answer the questions. This would, if they hadn’t, 

have given a poorer picture of the respondents’ knowledge. Finally, the questions concerning the use 

of raloxifene and strontiumranelate for CIOP could have been misinterpreted. Possibly doctors did not 

know whether the question meant: is licensed, is recommended in the guideline, or is evidence based. 

This might explain the fact that, respectively, 51 and 41% of respondents marked “I don’t know”. 

The hypothetical educational cases, while having several limitations, offer a novel approach to 

identify doctors’ behaviour with regards to treatment decisions and some of the possible reasons 

for under-treatment of CIOP. Another strength of our study was that determination of the correct 

answers for knowledge questions was based upon the prevalent Dutch guidelines and therefore 

represents testing of knowledge a corticosteroid prescriber is expected to have23-25. 

Comparison with existing literature

This study showed that 92% of responding doctors consider osteoporosis an important side effect 

of corticosteroids. In the study of Buckley in 1998, less than 50% of physicians surveyed listed 

osteoporosis as one of the 3 most significant side effects28. This difference might represent an 

improvement of interest in osteoporosis, but could also be caused by methodological differences 

between the studies or differences between the investigated countries.

Polypharmacy was one of the more pronounced barriers in this survey. Doctors are often dealing 

with patients with complex medical problems requiring multiple medications and may not always 
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consider osteoporosis prevention in corticosteroid users35. 

This survey identified that many doctors were unsure if a patient who was intolerant to one 

bisphosphonate can be treated with another bisphosphonate. Available data show that previously 

intolerant patients often accept bisphosphonate therapy upon re-challenge36. In The Netherlands data 

show that approximately 20% of patients cease taking alendronate after the dispensing of the first 

prescription37. This might be due to adverse events or inadequate patient education.

Specialists and GPs displayed similar levels of knowledge relating to CIOP with scope for 

improvement. Similar to previous surveys19,30, GPs indicated (voluntarily) that more education is 

required to increase awareness and knowledge of CIOP. The use of inhaled corticosteroids and risk 

of fracture showed the greatest difference between GPs and specialists in our survey. The issue 

of whether inhaled corticosteroids increase the risk of fractures independently of the underlying 

condition they are treating (COPD/asthma) is vexing. Current evidence shows that when fracture 

risk is adjusted for severity of disease, even high dose inhaled corticosteroids show no increased 

risk38;39. The difference between GPs and specialists might be explained by the fact that specialists 

see more patients using high dose inhaled corticosteroids and therefore see more CIOP, since, 

in real practice, they do not adjust for disease severity. However, because of the low number of 

responding specialists, this cannot be confirmed.

Of particular importance, 34% of respondents did not know that the risk of the onset of CIOP was 

greatest in the first 3-12 months of therapy. In the study by Nielsen et al., only 23% of prescribers 

would start anti-osteoporotic treatment within 6-months of corticosteroid use29. Moreover, only 

18% of doctors correctly knew that the BMD cut-off values for treatment of CIOP are ≤-1 or ≤-1.5. 

The prevalent regional GP and Dutch rheumatologist consensus guideline on corticosteroid 

induced osteoporosis mentions ≤-1 or - ≤-1.524 as the cut-off values. The low percentage of correct 

answers might also be explained by the fact that the Dutch GP osteoporosis guideline23 mentions 

no separate BMD cut-off value for CIOP. This guideline uses a T-score cut-off of ≤-2.5 for treating 

post-menopausal osteoporosis. The Dutch CBO osteoporosis guideline25 did mention a T-score 

cut-off of ≤-2.5 for CIOP, with a note that the fracture threshold might be 1 SD higher. However, in 

the study by Nielsen et al., only 25% of respondents chose a BMD <1.0 as a treatment threshold29, 

which is comparable to our results.

Examining the responses from the case scenarios, doctors were generally less likely to prescribe a 

bisphosphonate unless a BMD had been performed. Approximately 21% of all doctors chose not 

to do anything for a 65 year old women treated with 5mg prednisolone (case 1), despite guidelines 

recommending BMD testing in women ≥ 65 years regardless of other risk factors24,40. This may be 

because, in the doctor’s experience, patients may be unwilling to commence therapy unless a BMD 

is performed41;42. However, even in patients with a BMD T-score of -1.5 or lower, doctors were still 

hesitant to prescribe a bisphosphonate, unaware that the interventional T-score threshold to treat 

corticosteroid users is lower than for senile osteoporosis, as shown in the knowledge section.



Only 53% of doctors would start preventive treatment in a 45 year old female using 10mg/day with 

a BMD T-score of -1.8. A previous survey had already shown that for a 65 year old postmenopausal 

woman using prednisolone (40mg/day tapering to 20mg/day), 80% of doctors would prescribe 

CIOP prophylaxis, while this was only 25 and 10% in a 45 year old premenopausal female and a 45 

year male, respectively28. The conclusion is that doctors seem to underestimate the risk of CIOP 

in younger patients.

Conclusions

This survey disclosed a few important barriers and reasons why some patients are undertreated, 

including the responsibility of GPs for repeat prescriptions of corticosteroids, polypharmacy, and 

especially doctors’ knowledge of BMD-determination. There is a need for a larger study to be 

undertaken among doctors, as well as investigations into specific patient barriers in the use of 

osteoporosis prevention by corticosteroid users. 

Finally, future studies should focus on interventions in patients selected based on risk in order to 

start preventive therapy. The effect of pharmacists or specialized nurses assisting prescribers on 

case-finding, therapy selection, and non-adherence should also be assessed in future research.
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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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Abstract

Introduction

Drug management in the peri-operative period is a complex process. Only limited information 

is available in the literature on the effects of clinical pharmaceutical care in peri-operative drug 

management. Aim of this study was to determine the effect of clinical pharmacy-based interventions 

on the number of potential and actual drug-related problems (DRPs) in patients undergoing elective 

orthopedic surgery.

Methods

A prospective, non-randomized, controlled, observational intervention study of patients undergoing 

elective hip- or knee replacement surgery was carried out. Patients in the control group received 

care as usual, including preoperative screening by a nurse practitioner, anaesthesiologist and 

general physician. Electronic medication surveillance was carried out for all patients. Following a 

pre-operative drug use interview by the pharmacy the intervention group received a medication 

review and advice was given to the anesthesiologist.

For each group the average number of DRPs per patient was determined.

Results

The number of potential and actual DRPs was reduced by 58% from an average of 3.6 to 1.5 per 

patient in the control- and intervention group, respectively. Forty seven percent of the medication 

used at admission showed discrepancies with data from other sources (community pharmacist, 

general practitioner). At discharge it was revealed that in 32% of patients at least one drug could be 

stopped and in 17% of patients a necessary drug was omitted.

Conclusion

The addition of a clinical pharmacy service to the preadmission clinic enhances medication safety 

in patients undergoing elective orthopedic surgery. Clinical pharmacy services should be part of 

patient care for orthopedic surgery patients.



Introduction

Medical safety continues to receive widespread public attention often fueled by tragic events in 

hospital which were highly publicized in the public domain1. 

In the Netherlands an estimated 19,000 hospital admissions and 1250 deaths occur annually as 

a result of preventable medication errors2. Evidence from the last twenty years suggests that the 

addition of clinical pharmacist services in the care of inpatients generally resulted in improved care, 

with no evidence of harm3, and reduction of medication errors, mortality, drug costs and length of 

hospital stay4-6.

The use of medicines in patients undergoing elective orthopedic hip- or knee surgery is complex 

because of a large variety of medicines used at admission and given during hospitalization. The 

clinical pharmacist can play a role in the peri-operative drug management, because of the familiarity 

with drug names, administration routes, drug formulations, drug interactions, non-prescription drugs 

(over-the-counter (OTC)) and herbal medicine7-9.

Up to 64% of all hospital prescribing errors can be attributed to incomplete medication histories 

at the time of admission10;11. Studies show that 50-81% of all patients have at least 1 medication 

discrepancy at admission and/or discharge between the different sources (the patient, the community 

pharmacist’s data, or physician’s data)12-18. Duthie et al. reported that 29% of patients receiving 

cardiovascular medications inadvertently stopped at least one of these drugs due to incomplete 

medication histories19. A study involving surgical patients revealed that the preoperative medication 

histories from the surgery and anesthesiology departments showed at least one discrepancy in 73% 

of patients20.

The aim of medication reconciliation is to obtain the best possible medication history. The medication 

reconciliation process involves three steps21: 

I. Verification (collection of the medication history)

II. Clarification (ensuring that the medications and doses are appropriate)

III. Reconciliation (documentation of changes in the orders compared to history)

Patient contact is essential for determining the accurate medication use of the patient, but also for 

optimizing pharmaceutical patient care22-24. Studies have shown that pharmacists often obtain more 

information than physicians and nurses about patients’ medication use when they are admitted to 

hospital9;25;26. Medication reconciliation performed by pharmacists together with physicians and 

nurses using an electronic application results in a reduction of potential drug-related problems27.

Moreover, a study showed that even within the hospital medication discrepancies occur between 

surgery and anesthesiology histories in 73% of patients20. A recent study showed that pharmacy 

technicians at the pre-operative clinic could significantly decrease medication discrepancies28. 

Moreover, it was shown that the involvement of the pharmacy technician resulted in a non-significant 

decrease of peri-operative anticoagulation errors. However, the study only concerned pre-operative 

drug management and did not report on the impact of a pharmacy service for the entire duration of 
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the patients’ hospitalization. The only study considering peri-operative drug management showed 

pharmacy involvement in the preoperative admission clinic resulted in 76 interventions in 50 patients. 

However no specific details were given on the type of peri-operative advice given22. 

Since only little is known about the value of complete peri-operative drug management, including 

medication reconciliation, comprehensive medication review, and discharge service, by the clinical 

pharmacist, we performed a study assessing these aspects. 

Objective

The aim of our study was to determine the effect of a clinical pharmacist-based service on the 

number of potential and actual drug-related problems (DRPs) in patients undergoing elective 

orthopedic hip- or knee surgery.

Methods

Population

This was a prospective, non-randomized, controlled, observational intervention study of patients 

who underwent elective hip- or knee replacement surgery in a general hospital in the northern part 

of The Netherlands. The population was divided into an historic control group and a subsequent 

intervention group.

Exclusion criteria

Patients were excluded from this study if their hospital stay was less than 5 days, if they underwent 

revision surgery for previous knee- or hip surgery, or if they underwent surgery for hip fractures.

Drug Related Problems 

A DRP is defined as an event or circumstance concerning the pharmacological therapy of a patient 

that interferes effectively or possibly with gaining an optimum outcome29. We classified DRPs using 

the MAI system30;31. All potential or actual DRPs were determined by the primary author (MD) 

during the patient’s hospitalization in both groups. All potential DRPs were later reviewed by another 

pharmacist (EvR, MN) who was not involved in the medication review. Consensus occurred in case 

of initial disagreement. To detect a case of “wrong drug” the updated Beers criteria32 were used 

(e.g. indomethacin or amitriptylin). A drug-drug interaction was considered relevant according to the 

appraisal model developed by van Roon et al.33. This model provides criteria to select drug-drug 

interactions that require action to be undertaken by the pharmacist. 



Historic Control Group

The prospective control group received usual pharmaceutical care throughout their hospitalization. 

This comprised primarily of remote electronic surveillance of medication with the pharmacist screening 

for drug-drug interactions, medication duplication and assessment of dose. During the preoperative 

screening in the study hospital all patients were assessed by a preadmission nurse and thereafter an 

anesthesiologist and an internal medicine specialist. The patient self-reported their medication use to a 

nurse before admission. It was not standard procedure to contact the patient’s general practitioner (GP) 

or community pharmacy to obtain their current intended medication profile. There was no structured 

intake interview concerning medication use when patients were admitted to the hospital.

Intervention Group

The intervention period immediately followed the control period. The intervention group received 

usual pharmaceutical care, but was additionally offered a comprehensive medication review, 

which included an interview with the patient by a pharmacist. The patient’s general practitioner and 

community pharmacy were also contacted to obtain information regarding the patient’s medication 

use. A best possible medication profile was produced and assessed for DRPs.

During the preoperative screening, generally one to six weeks before hospitalization, the pharmacist 

assessed the patient for any DRPs using a checklist, which was developed prior to the intervention. 

This checklist comprised of a number of medications which are recommended to be stopped before 

surgery (e.g., low dose aspirin, sulphonylurea antidiabetic agents) in most patients. Furthermore, 

common DRPs were listed, based upon evidence from the international literature. Consensus 

was reached between all study investigators. Following the development of this checklist by the 

pharmacy department, it was reviewed by the medical specialist members from the department 

of anesthesiology, internal medicine, and orthopedic surgery. The pharmacist provided advice to 

the anesthesiologist and/or general practitioner in order to prevent peri-operative DRPs. A written 

feedback method was used for intervention proposals to the doctors. 

A structured report of the patient intake interview detected actual drug use at admission. During 

the post-operative period of each patient, the pharmacist reviewed the patient’s medication and, if 

required, proposed interventions to the responsible orthopedic surgeon.

Acceptance of intervention proposals

In order to determine the acceptation rate of the intervention proposals the anesthesiologist provided 

written feedback on the preoperative medication chart on which the intervention recommendations had 

been supplied. These charts were sent to the pharmacy before the patient was admitted to hospital for 

their surgery. In the case of physician non-response, reminders by telephone followed until the chart 

was received. General practitioners received case record forms with the intervention proposals on 

which feedback could be written. In case of non-response one written reminder was sent and finally 

one reminder by telephone was given.
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Patient characteristics

The following demographic data of the patient were collected or calculated: age, body mass index 

(BMI), estimated creatinine clearance by means of the Cockroft & Gault equation34, ASA-score35, 

Charlson comorbidity index36, number of medications (different ATC-codes37) used in the ambulant 

setting determined on admission of patient to the hospital, number of medications received in the 

hospital (excl. medication already in use at admittance to hospital), and type of surgery. 

Endpoints

The primary endpoint of this study was: 

•	 Number	of	actual	and	potential	DRPs.

The secondary endpoints of this study were:

•	 Number	of	(accepted)	interventions	in	the	hospital.

•	 Number	of	(accepted)	interventions	by	the	patients’	general	practitioner.

•	 Degree	of	incongruence	of	medication	use	data	using	patient	information	

 compared to information from general practitioner or community pharmacist.

•	 Medication	appropriateness	index	(MAI)-score.

Statistics

Data were analysed using SPSS® version 15 (SPSS, Chicago, IL, United States). Percentages 

were calculated using the total of the number of different drugs used per patient in each group. For 

continuous variables average and standard deviation were calculated and for categorical variables 

results were expressed as percentage. Differences between the controls and intervention group 

were determined with Chi-squared test, Fisher exact test or Mann-Whitney U test, depending on 

the data type. The normality of the distribution of the data was tested by means of a Kolmogorov-

Smirnov test. A p-value <0.05 was considered significant. 

Ethical aspects

The research was approved by the Hospital Medical Ethical Review Board. All patients provided 

informed consent to participate.

Results

In both the control and intervention group 194 and 95 patients were included, respectively. The 

patient characteristics are displayed in Table 1. The only statistically significant differences between 

the two groups were that patients in the historical control group used fewer medications in the 

ambulant setting as well as in hospital.



Table 1: Patient characteristics.

Control (n=194) (SD) Intervention (n=95) (SD) Statistics (p-value)

Age (years) 72 (±8) 71 (±11) NS

Sex (% female) 72% 65% NS

BMI (kg/m2) 28.0 (±4.7) 28.8 (±4.4) NS

ASA-score 2.4 (±0.7) 2.3 (±0.6) NS

Charlson index 0.73 (±1.11) 0.77 (±1.18) NS

eCreatinine Clearance 

(Cockroft-Gault) (ml/min)
74 (±23) 78 (±28) NS

% Total hip replacement 60.3 53.7 NS

Number of medicines used in 

ambulant setting
3.5 (±2.6) 4.7 (±3.0) <0.001

Number of medicines used 

during hospital stay* 
11.4 (±2.4) 12.0 (±2.4) <0.01

Abbreviations: BMI: Body mass index, ASA: American society of anesthesiologists.

*excluding medication used upon admission.

Table 2:  Actual and potential drug related problems during hospital stay (% of total 

number of drugs used in population)

Control (n=2831) Intervention (n=1654)
Statistics 

(p-value)

Total number of problems (%) 700 (24.7%) 147 (8.9%) <0.001

Mean number of problems per patient (SD) 3.6 (±2.6) 1.5 (±1.6) <0.001

Mean MAI-score (SD) 3.7 (±2.7) 1.5 (±2.0) <0.001

Mean length of hospital stay (days) (SD) 8.8 (±3.5) 8.2 (±3.1) <0.05

Incorrect drug selection (Beers-criteria) 167 (5.9%) 14 (0.8%) <0.001

Drug not withheld prior to surgery 158 (5.6%) 11 (0.7%) <0.001

Drug interaction 121 (4.3%) 75 (4.5%) NS

Duplication 102 (3.6%) 9 (0.5%) <0.001

Wrong dose 58 (2.0%) 12 (0.7%) <0.01

Condition not adequately treated 51 (1.8%) 13 (0.8%) <0.01

Toxicity or adverse drug event evident 16 (0.6%) 2 (0.1%) <0.05

Drug duration inappropriate 13 (0.5%) 4 (0.2%) NS

Lack of laboratory monitoring 8 (0.3%) 3 (0.2%) NS

Other problems 6 (0.2%) 4 (0.2%) NS

Abbreviations: SD: standard deviation, MAI: Medication appropriateness index
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Table 4:  Discrepancies of drugs used in the ambulant setting comparing patient information 
with outpatient information sources (% of total number of drugs at admittance)

Type of discrepancy Community  pharmacy 

n=388

General  practitioner 

n=388

Total number of drug discrepancies (%) 179 (46) 187(48)

Drug not on list (%) 64 (15) 72 (19)

• Prescription drug 28 33

• Over the counter drug 27 30

• Dietary supplement 2 2

• Homeopathy 1 1

• Vitamins/minerals 2 4

• Phytotherapy 4 2

Drug commenced after preoperative screening (%) 58 (15) 58 (15)

Higher dose than reported by patient (%) 40 (10) 41 (11)

Patient ceased drug (%) 10 (3) 7 (2)

Lower dose than reported by patient (%) 7 (2) 9 (2)

 Table 3: Overview of types of interventions

Specialist General Practitioner

Intervention proposal to prescriber Number (%) % approved Number (%) % approved

Cessation of medication to prevent duplication 112 (36.2) 97.3   

Peri-operative cessation of RAAS-inhibitors/diuretics 55 (17.8) 92.7   

Permanent cessation of drug without indication 54 (17.5) 100.0 11 (27.5) 63.6

Restart of drug at discharge 18 (5.8) 100.0 3 (7.5) 100.0

Peri-operative cessation platelet inhibitors 18 (5.8) 100.0   

Peri-operative cessation of oral antidiabetics 14 (4.5) 93.3   

Peri-operative cessation of bisphosphonates 8 (2.6) 100.0   

Start of drug because of undertreatment 7 (2.3) 100.0 9 (22.5) 44.4

Peri-operative cessation of coumarines 6 (1.9) 100.0   

Dose reduction 6 (1.9) 100.0 5 (12.5) 60.0

Prevention of NSAID gastropathy with PPI 4 (1.3) 100.0 2 (5.0) 50.0

Laboratory monitoring 3 (1.0) 100.0   

Screening for osteoporosis   3 (7.5) 33.3

Dose increase 2 (0.6) 100.0 2 (5.0) 100.0

Substitute short-acting BZ for long-acting BZ 2 (0.6) 100.0 4 (10.0) 75.0

Peri-operative cessation of female hormones   1 (2.5) 100.0

Total 309 97.4 40 62.5

Abbreviations: RAAS: Renin-angiotensin-aldosteron-system, NSAID: Non-steroidal anti-inflammatory drug, 

PPI: Protonpump-inhibitor, SSRI: Selective serotonin reuptake-inhibitor; BZ = benzodiazepine.



Table 2 provides an overview of the DRPs that were identified in the control and intervention groups. 

The following DRPs occurred significantly less frequently in the intervention group: wrong drug, drug 

duplication, drug not withheld before the operation. Moreover, a significant reduction in adverse 

events (e.g. electrolyte disturbances caused by diuretics and supratherapeutic INR’s caused by 

coumarines) was determined. The percentage of patients with a ‘wrong drug’ decreased from 69% 

in the control group to 8% in the intervention group. The interventions proposed and/or carried out 

during the intervention phase are shown in Table 3. The most frequent intervention  was cessation 

of medication used in the ambulant setting to prevent duplication with drugs prescribed peri-

operatively per protocol by the surgeon. Furthermore, peri-operative cessation of renin-angiotensin-

aldosteron-system(RAAS)-inhibitors and/or diuretics was a frequently performed intervention. In 

24% of patients (8% of all interventions) interventions had to be carried out before the admission 

of the patient (e.g. cessation of anticoagulants, platelet inhibitors and selective serotonin reuptake-

inhibitors (SSRI’s)) and another 25% of interventions concerned cessation of drugs on the day of 

the operation (oral antidiabetics, RAAS-inhibitors or diuretics and bisphosphonates). The feedback 

from general practitioners shows a lower acceptation rate (63%) compared to specialists (97%).

Finally, in 32% of patients (54 separate occasions) a drug was stopped by the clinical pharmacist 

because there was no longer an indication for its use and in 17% of the patients (18 separate 

occasions) the clinical pharmacist recommended a medication was to be recommenced at 

discharge. The majority (97%) of the interventions were approved by the anesthesiologist and/or 

orthopedic surgeon. 

Table 4 shows that 47% of the medication information obtained by the hospital pharmacy from 

the patient’s community pharmacy and general practitioner had discrepancies after the clinical 

pharmacist retrieved information from the patient. The most frequently encountered discrepancy 

was that a patient admitted to using a medication (prescribed and OTC) which was not provided by 

the community pharmacy (15% of discrepancies) and/or general practitioner (19% of discrepancies). 

Furthermore, 15% of prescriptions were started after the preoperative pharmacist consultation.

 

Discussion

Main findings

This study shows that clinical pharmacy services can have a significant impact on patient safety. 

The average number of actual and potential DRPs in the control group was 3.6 per patient, despite 

routine electronic medication surveillance, preoperative screening by an anesthesiologist and 

internal medicine specialist. In the intervention group the number of actual and potential DRPs was 

significantly reduced to 1.5 per patient. Moreover, a significant reduction in adverse events (e.g. 

electrolyte disturbances and supratherapeutic INR’s) was determined.
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Comparison with other studies

In the study of Hanlon et al.38 in 57% of the prescriptions a potential DRP was determined compared 

to 24% in our control group. This can be explained by the fact that at the preoperative screening 

less attention could be given to the indication for and the effectiveness or adverse events of the 

medication, because of the lack of insight in the medical file of the patient from the GP. If more 

information had been available more potential DRPs would have been determined and more 

interventions would have been possible in the intervention group. In the study by Weiner et al. 

a pharmacy led medication safety program in orthopedic and spinal surgery patients led to a 

reduction of medication errors from 62% to 39% in the control and intervention group, respectively. 

The high number of medication errors in this study compared to our study can be explained by the 

fact that incorrect written or incomplete orders were also classified as error39. In the study of Buck 

et al. a suboptimal prescription was found in 20% of all patients on orthopedic wards. In 70% of 

cases these prescriptions were adjusted after intervention by a pharmacist40.

Medication reconciliation by pharmacists during the preadmission period has previously been 

shown to reduce the need for medication clarification postoperatively22;41. Our study results support 

the recent findings from a randomized controlled trial in Canada, which clearly demonstrated that 

a pharmacist’s involvement in a preadmission clinic significantly reduced postoperative medication 

discrepancies related to home medications from (40.2% to 20.3% of patients in the control and 

intervention group, respectively42. In the study of Hick et al. the participation of a clinical pharmacist 

in the pre-operative setting of a surgical department led to an increased number of clinically relevant 

interventions22. In this study no specific details were given on the number of interventions in peri-

operative drug management. The most important contribution to the process was considered 

transcribing discharge prescriptions.

Medication reconciliation is not the only tool to enhance medication safety. The clinical pharmacist 

can provide insight in the impact of continuing or stopping these medications. Moreover, it has 

been shown that as a result of incomplete drug use profiles, omissions to restart medication and 

lack of information, many modifications are necessary after discharge from the hospital in the 

medication use of the patient43. The studies by Walker and Kaparinar show that a pharmacy-led 

discharge service leads to significantly less medication discrepancies44;45. For drug management 

in orthopedic surgery the specialty ‘orthopedic pharmacist’ is recognized in England since a few 

years46.

The higher number of medications reported by patients in the intervention group is not unexpected 

since other studies have shown pharmacists often obtain more information than physicians and 

nurses about patients’ medication use when they are admitted to hospital9;26. The study by Davis 

et al. showed an average number of chronic drugs used prior to hospitalization by patients aged 

60 or more of 4.1, compared to 3.5 and 4.7 in the control and intervention group of our study, 

respectively47.



Our study shows that a comprehensive medication review contributes to the reduction in DRPs. 

The most important decrease of potential DRPs took place in the field of ‘wrong drug’ according 

to the updated Beers criteria32. This significant decrease in use of ‘wrong drug’ can be explained. 

Prior to the intervention the orthopedic surgeons in the study hospital were routinely using 

indomethacin to prevent heterotopic ossification (HO). During the transition from the control period 

to the intervention period, discussions were held with the prescribing surgeons in order to restrict 

the use of indomethacin to patients at high risk of HO because of the potential toxicity for this 

particular non-steroidal anti-inflammatory agent. Hence, it is possible a learning effect contributed 

to the results in this area. In addition, as part of the preoperative screening, the pharmacist made 

recommendations to the general practitioner to make therapy adjustments using the written 

feedback method. Although numbers are low in this study the results show a acceptation rate of 

63%, which is considerably higher than the 17% found in another Dutch study48.

The analysis of medication use of the patients at hospital admittance shows that in only approximately 

53% of the prescriptions the information from the GP and the community pharmacy is in accordance 

with patients’ actual use. This is similar to prior outcomes26. This is partly caused by inadequate 

compliance of the patient and partly by inaccurate pharmacy and GP data. This inaccuracy is only 

partly caused by OTC-drug use from the patients. Additionally, 15% of the prescriptions is started 

in the period between the preoperative screening by the pharmacy and hospital admittance. This 

result shows the importance of the intake interview at day of admittance where attention is given to 

the medication use of the patient and a structured report is provided to the pharmacy. 

The results show no significant decrease in the number of interactions after the intervention. This 

can be partially explained by the fact that both the intervention and control groups had routine 

computerized medication surveillance by the clinical pharmacist during their hospitalization. 

Moreover, the most frequent interaction that was determined was between NSAIDs and RAAS-

inhibitors and/or diuretics, which is a relevant interaction since it can result in impaired hypertension control 

and/or renal failure49. However, this interaction is based mainly upon data on long-term concomitant 

use, which may not be relevant in short-term use33. The NSAIDs in our population were prescribed 

routinely for pain relief and prevention of HO. Only in patients with moderate or severe renal impairment 

a recommendation was made to the treating doctors to cease or not commence an NSAID. A further 

reduction of the number of potential DRPs could be achieved if NSAIDs would no longer be prescribed 

routinely in this population. The usefulness of routine use of NSAIDS for HO seems limited50.

Finally, the number of duplications was significantly reduced. During the control period it became 

apparent that many patients were receiving duplications of NSAIDs, acetaminophen and proton 

pump inhibitors, which were routinely prescribed to the patients for HO prevention, pain relief, and 

peptic ulcer prophylaxis, respectively. These duplications were not always recognized in the control 

group because medication surveillance did not always take place at the day of hospital admission 

but could occur after the operation.
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The results of the intervention group show that in 24% of the patients an adjustment of the 

medication was necessary before the patient was admitted to hospital, e.g. ceasing of platelet 

inhibitors and anticoagulants. Furthermore ceasing or tapering SSRI’s, stopping or tapering ‘wrong 

drugs’ according to the Beers criteria and starting of PPI because of prevention of NSAID-induced 

gastropathy are interventions for which the general practitioner of the patient or another specialist 

needs time to discuss with the patient. Therefore, timely involvement of the pharmacy in the process 

is essential. The preadmission surgery clinic seems to be the ideal time and place in the process for 

both patient and anesthesiologist in which the clinical pharmacy services start for this patient group. 

In the postoperative phase a drug was restarted in 17% of the patients that had been ceased peri-

operatively and was omitted to restart at the time of discharge. This is comparable to other studies51. In 

the study of Hick et al. 10 omissions were determined in 50 patients. From the results of this study it was 

not clear whether this was in 10 different patients, although the results seem comparable to our study22. 

Another study showed elective hospitalization resulted in unintended cessation of warfarin in 11.4% of 

warfarin users51. Furthermore, a drug was permanently stopped by the pharmacist in 32% of the patients 

because there was no longer an indication. This is likely to result in a reduction in costs and possibly 

adverse events. Several studies have demonstrated the positive results of medication reconciliation44;45;52-

57. A study in elderly medical and surgical patients showed that 44% had at least one unnecessary drug 

at hospital discharge52. In another study a drug could be stopped in 55% of discharged patients44.

Strengths and weaknesses

The major strength of this study is that all possible aspects of pharmaceutical care for surgical 

patients have been implemented in the intervention group of this study. A complete follow-up of 

the patients during the whole process from preadmission clinic to discharge was achieved in both 

the intervention and control group. In contrast with prior studies not only medication reconciliation, 

or discharge services have been assessed. Compared to the study of Van den Bemt et al. peri-

operative drug management advice to the anesthesiologist was not limited to anticoagulants28. 

Moreover, all possible DRPs have been determined based upon the widely used and accepted 

MAI-criteria30;31, except quality of directions provided to the patient, practicality of these directions 

and determination whether the cheapest alternative is used. 

The study had insufficient power to show an impact on clinical endpoints or health care utilization 

such as postoperative complications, blood transfusions and unplanned readmissions. The results 

showed a significant decrease in adverse drug events and on the length of hospital stay. Whether 

this was as a result of the intervention at reducing the number of potential DRPs, or is a time trend 

independent of this study cannot be concluded from our data, although it has been shown in some 

earlier studies. Similarly the interventions are likely to affect clinical outcomes3-5;58, although the data 

is not consistent45. Further research in this area should be performed in order to specify the relation 

between potential DRPs, the MAI-score and clinical outcomes.



No one was blinded to the pharmacist intervention, which could have had an impact on the treating 

doctors to screen more carefully for DRPs themselves. This so called Hawthorne effect could have 

diluted the effect of the pharmacists’ intervention59.

Finally, the cost-effectiveness of the activities performed by the pharmacist in this study was not 

determined. Given that this study suggests that the length of stay in hospital may be reduced because of 

the pharmacist intervention, future studies should address the economic impact of the intervention. 

Conclusion

The results of this study show that complete peri-operative drug management by clinical pharmacists 

not only reduces medication discrepancies, but also reduces actual and potential DRPs. The 

number of DRPs was reduced by approximately 50% from an average of 3.6 to 1.5 per patient 

in the control- and intervention group, respectively. Moreover, a significant reduction of adverse 

events was determined. Finally, discharge service based upon the pre- en peri-operative drug use 

of the patients rationalized drug use and prevented omission of drugs that were discontinued peri-

operatively. In conclusion the clinical pharmacy service is an essential part of pharmaceutical care 

for orthopedic surgery patients and significantly enhances medication safety.
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General Discussion

Worldwide healthcare budgets are under pressure. Although overall healthcare expenditures 

increase, focus lies on improving quality and efficiency of care. There is much room for improvement 

since medication errors occur frequently; in The Netherlands an estimated 19,000 drug-related 

hospital admissions occur yearly, which could have been prevented1. This is probably the tip of 

the iceberg. Moreover, in hospitals medication errors lead to adverse outcomes. Especially frail 

elderly are prone to developing adverse outcomes of drug therapy. Therefore much effort has been 

put into the development of clinical pharmacy services. It has been shown that clinical pharmacy 

services can reduce mortality, morbidity and costs2-4.

Musculoskeletal disease is a collection of various diseases. Rheumatoid arthritis, osteoarthritis and 

osteoporosis are diseases with a high burden considering loss of quality of life. In The Netherlands 

yearly more than 80,000 fractures occur and the incidence of knee- and hip replacement is 

estimated to be 19,000 and 10,500 per year, respectively5.

Although in the United Kingdom the speciality “orthopedic pharmacist” is acknowledged6 only 

few studies focused on the impact of clinical pharmacy services in patients with musculoskeletal 

disease.

The overall aim of this thesis was to assess the added value of clinical pharmacy services in 

patients with musculoskeletal disease. Two major areas of interest were selected: improving the 

treatment and prophylaxis of corticosteroid-induced osteoporosis (CIOP) and enhancement of 

medication safety through peri-operative drug management in major orthopedic surgery. The 

research questions that we formulated were:

1. What are the global trends in prevention of CIOP and what interventions strategies are possibly 

effective?

2. What is the baseline longitudinal patterns in prophylaxis of CIOP in our region?

3. What are the major barriers to the prescription of adequate CIOP prophylaxis?

4. Is the knowledge of prescribers considering the diagnosis and treatment of CIOP adequate?

5. Could a pharmacy based multifaceted intervention contribute to the improvement of prevention 

of CIOP?

6. Is a pharmacy based multifaceted intervention effective to reduce actual and potential drug 

related problems in patients undergoing major orthopedic surgery. Main components of 

the intervention were medication reconciliation at the preoperative surgery clinic, at hospital 

admittance and at discharge. Moreover, a clinical medication review was performed by a hospital 

pharmacist after each reconciliation. Finally, the hospital pharmacist proposed interventions to 

the anaesthesiologist considering peri-operative drug management.



Part I: Pharmaceutical care in patients at risk of CIOP

International trends in prevention of CIOP

In order to determine which knowledge gaps existed in the field of prevention of CIOP we performed 

a systematic review (chapter 2). The first studies in the UK (19957, 19968) demonstrated that as few 

as 1% of patients on CS were receiving effective treatments such as bisphosphonates. In order to 

objectively determine the quality of these observational studies we looked for a measurement tool. 

For clinical trials these models have been published9 but no tool could be retrieved for observational 

studies. Therefore, we developed our own model using the five major criteria present in all referenced 

guidelines in the studies retrieved. The review showed only 9.4% of the 24 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. The results of our review show that study quality was the only significant predictor 

of the prevention rate determined in the studies. Therefore, the longitudinal increase in prevention 

rates cannot be attributed to an actual increase in doctor’s compliance to the guidelines. It remains 

unknown whether prevention rates were really as low as studies reported.

The major strength of this study is that for the fist time a model has been developed for the 

determination of study quality of observational guideline compliance studies in osteoporosis.

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

general practitioners, pharmacy staff and patients10 or a small group of specialists11, respectively. 

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

these interventions were. 

In our opinion intervention strategies must be multifaceted12 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 level13. 

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

routine pharmaceutical care program for patients presenting to their pharmacy. 

Longitudinal trends of CIOP prophylaxis in The Netherlands.

The study in chapter 3 has described the trends in osteoporosis prevention from 2001-2005 in a 

group of patients in which Dutch guidelines recommend bisphosphonates be used independent of 

BMD. We have observed improvements in preventive therapy use in those who fulfil Dutch guidelines. 

Curtis et al. showed that in the USA there has been a gradual increase in BMD testing and osteoporosis 

prophylaxis prescribing in corticosteroid users, although absolute rates remain low14.
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Supprisingly we have shown gender differences: males are still significantly less likely to receive osteoporosis 

prophylaxis than females. Furthermore, in contrast to females, males showed no significant improvement 

from 2001-2005. Other studies have also found that males appear undertreated more than females14;15. 

It is possible that females are given more attention than males because of their postmenopausal bone 

loss, which men do not experience. Therefore, men have a 20% lifetime risk of fractures, compared to 

50% in women16. However, the reasons why men are less treated remain enigmatic since ample treatment 

options are available17. Further study is required to investigate these gender differences. 

DMARD users were two and a half times more likely to receive bisphosphonate prophylaxis. We 

speculate that this may be related to the particular doctor specialty. If this is true, our data is in 

agreement with the paper published by Saag et al.15 who found rheumatologists were 3.5 times 

more likely to prescribe non-estrogen osteoporosis therapy in long-term corticosteroid users. 

Therefore, we advocate that intervention studies should be performed in the general population in 

stead of in a specific patient group with specialised doctors.

There are some limitations to our study that require comment. Firstly, we did not have clinical information 

on our patient group such as BMD testing or fracture history. However, Dutch guidelines recommended all 

patients commence bisphosphonate if they are on ≥ 15mg/day prednisolon(equivalents) or are receiving 

≥ 7.5 mg/day and are postmenopausal or ≥ 70 years (male) independent of BMD. We were also unable 

to exclude those patients in whom osteoporosis prevention may be inappropriate, for example, patients 

suffering from alcoholism, dementia, and serious renal impairment. Lastly, we have obtained data from a 

specific region (and do not have a control group) in The Netherlands and therefore our results may not be 

generalisable to the entire Dutch population. However, corticosteroid use in our catchment population (0.5%) 

was comparable to other population-based studies (0.5-0.9%)8;18 and our exclusion criteria were negligible.

Despite our study’s limitations, we believe that postmenopausal corticosteroid users are now being 

reasonably well treated because bisphosphonate use was 61%. Although it is difficult to define an 

absolute standard of care, recognising contraindications as well as patient refusal or intolerance, 

we believe that in our population there is probably scope for further absolute improvement in the 

use of bisphosphonates of approximately 10-20% in females and 30-40% in males. 

Doctors’ believes and knowledge on CIOP

The intention of this survey we performed in chapter 4 was to investigate the reasons for the 

discrepancy between guideline recommendations for CIOP and clinical practice. The study showed 

that 69% of hypothetical patients were treated according to the guidelines. However, on average, 

55% of knowledge questions were answered correctly, with only 16% of doctors answering more 

than 70% of questions correct. Knowledge on BMD-determination and (relative) contraindications 

for bisphosphonate treatment were the main problem areas. The lack of knowledge of BMD-

determination was confirmed by the hypothetical cases, since the largest percentage of doctors 

answered incorrectly that a BMD-measurement was necessary. 



This study has identified several barriers perceived by GPs in the treatment and prevention of 

corticosteroid-induced osteoporosis. Remarkably, specialists overall did not identify any barriers. 

Most striking was the perception by GPs that commencement of preventive therapy was the 

responsibility of specialists, while GPs often manage repeat prescriptions of corticosteroids. 

Furthermore it must be noted that not only prescriber barriers but also patient barriers concerning 

adherence contribute to the low prevention rates of CIOP. The correlation of adherence and fracture 

rate was determined by Imaz et al. in a meta-analysis, showing an increased risk for fracture in 

patients with low persistence with bisphosphonates (RR=1.46 (95%CI 1.34–1.60 (p<0.001)))19. This 

shows the importance of (pharmacy-led) studies designed to assess the effect of interventions to 

improve compliance and persistence because data from literature show shortcomings in this field.

Polypharmacy was one of the more pronounced barriers in this survey. Doctors are often dealing 

with patients with complex medical problems requiring multiple medications and may not always 

consider osteoporosis prevention in corticosteroid users20. 

This survey identified that many doctors were unsure if a patient who was intolerant to one 

bisphosphonate can be treated with another bisphosphonate. Available data show that previously 

intolerant patients often accept bisphosphonate therapy upon re-challenge21. Switching to another 

bisphosphonate is a good option as well. In the Netherlands, data show that approximately 20% of 

patients cease taking alendronate after the dispensing of the first prescription22. This might be due 

to adverse events or inadequate patient education.

Specialists and GPs displayed similar levels of knowledge relating to CIOP with scope for improvement. 

Similar to previous surveys23,24, GPs indicated (voluntarily) that more education is required to increase 

awareness and knowledge of CIOP. However, studies on CIOP, using prescriber education as main 

intervention tool, have inconsistent results. Only 3 out of 5 studies (60%) showed positive results10;11;25-27.

Of particular importance, 34% of respondents did not know that the risk of the onset of CIOP was 

greatest in the first 3-12 months of therapy. In the study by Nielsen et al., only 23% of prescribers would 

start anti-osteoporotic treatment within 6-months of corticosteroid use28. Moreover, only 18% of doctors 

correctly knew that the BMD cut-off values for treatment of CIOP are ≤-1 or ≤-1.5. The prevalent regional 

GP and Dutch rheumatologist consensus guideline on corticosteroid induced osteoporosis mentions 

≤-1 or - ≤-1.529 as the cut-off values. The low percentage of correct answers might also be explained by 

the fact that the Dutch GP osteoporosis guidelines30 mention no separate BMD cut-off value for CIOP. 

These guidelines use a T-score cut-off of ≤-2.5 for treating post-menopausal osteoporosis. The Dutch 

CBO osteoporosis guideline31 did mention a T-score cut-off of ≤-2.5 for CIOP, with a note that the fracture 

threshold might be 1 SD higher. However, in the study by Nielsen et al., only 25% of respondents chose 

a BMD <1.0 as a treatment threshold28, which is comparable to our results.

Examining the responses from the case scenarios, doctors were generally less likely to prescribe 

a bisphosphonate unless a BMD had been performed. This may be because, in the doctor’s 

experience, patients may be unwilling to commence therapy unless a BMD is performed32;33. 
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Only 53% of doctors would start preventive treatment in a 45 year old female using 10mg/day with 

a BMD T-score of -1.8. A previous survey had already shown that for a 65 year old postmenopausal 

woman using prednisolone (40mg/day tapering to 20mg/day), 80% of doctors would prescribe 

CIOP prophylaxis, while this was only 25 and 10% in a 45 year old premenopausal female and a 45 

year male, respectively34. The conclusion is that doctors seem to underestimate the risk of CIOP in 

younger patients. One of the issues might be that it is not clear whether bisphosphonates should 

be prescribed in premenopausal women. The benefits might not outweigh the risk of high-dose 

corticosteroids in this group35.

There are some limitations to our survey. The study size was limited, which limits generalization 

and statistical comparison between doctors. Respondents may be those with greater interest 

and knowledge in the area. As we did not obtain non-responder data, we cannot comment on 

responder bias. The response rate was 29%, similar to that achieved in other surveys of doctors 

treatment practices36 and was considered acceptable considering the length of the questionnaire 

(8 pages)37. For example, a osteoporosis knowledge survey of Werner et al. showed a response 

rate of only 19%38. 

The hypothetical educational cases, while having several limitations, offer a novel approach to 

identify doctors’ behaviour with regards to treatment decisions and some of the possible reasons for 

under-treatment of CIOP. A strength of our study was that the “correct” answers for the knowledge 

questions and hypothetical cases were based on the prevalent Dutch guidelines and therefore 

assess the knowledge a prescriber is expected to have29-31. 

Multifaceted intervention on CIOP by pharmacists

The fact that case-finding strategies can improve patient care for postmenopausal osteoporosis39 raises 

the question whether this can be achieved by pharmacists in CIOP patients. The study in Chapter 5 shows 

that a pharmacy-based multifaceted intervention had limited effect on the prescription of bisphosphonates 

for the prevention of CIOP. The study complied with the quality criteria (Chapter 2), and was aimed at 

prescriber education on BMD-determination (Chapter 4), case-finding of patients, especially men (Chapter 

3), and at re-recommencement of treatment of patients that had ceased bisphosphonate use (Chapter 4). 

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 200240. 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.

Overall, intervention studies for CIOP have shown limited effect10;11;25-27. 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 team41. 

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 process42-45. 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”46.

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 choice47;48. 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 persuasion49.

From the results we were unable to determine whether participating GPs had any problems with 

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

considered CIOP prevention the responsibility of a specialist. In the survey in chapter 4 this was one 

of the three main barriers mentioned by GPs. 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 delivery50. 

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 DXA51. Schouten et al. showed that quality improvement collaboratives, in 
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general, showed positive but limited effects. This was partly caused by the heterogeneity of studies 

in this systematic review52. 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”. 

The study in chapter 3 showed a marked undertreatment of men compared to women. Therefore, 

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 the 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 undertreated14;15. Primary osteoporosis is also undertreated in men53. One of the explanations 

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

have larger bone54, and the decrease in bone mineral density is significantly smaller55, resulting in a 

lower absolute number of men with fractures56;57. Finally, it could be because the cost-effectiveness 

of CIOP prevention is lower in men compared to women58. 

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 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 bisphosphonates was mentioned (adverse 

events, contraindication, problems swallowing, problems with adherence, patients refused therapy, 

polypharmacy, and no CS use at time of letter to GP). Moreover, the results show that 35% of 

patients ceased CS, died or moved 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 with problems with swallowing or adherence59.

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 prescribers60. It has been shown that electronic prompts in dispensing software 

significantly increase the number of clinically relevant interventions by pharmacists61. 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 treatment62;63. 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.

Part II: Pharmaceutical care in patients undergoing orthopedic surgery

Clinical pharmacy services in peri-operative drug management

The study in chapter 6 showed that clinical pharmacy services can have a significant impact on 

patient safety. The average number of potential DRPs in the control group was 3.6 per patient, 

despite routine electronic medication surveillance, preoperative screening by an anesthesiologist 

and internal medicine specialist. In the intervention group the number of potential DRPs has been 

significantly reduced to 1.5 per patient. Moreover a significant reduction in adverse events (e.g. 

electrolyte disturbances and supratherapeutic INR’s) was determined.

Comparison with other studies

In the study of Hanlon et al.64 in 57% of the prescriptions a potential DRP was determined compared 

to 24% in our control group. This can be explained by the fact that at the preoperative screening 

less attention could be given to the indication for and the effectiveness or adverse events of the 

medication, because of the lack of insight in the medical file of the patient from the GP. If more 



 139General Discussion |

information had been available more potential DRPs would have been determined and more 

interventions would have been possible in the intervention group. 

Medication reconciliation by pharmacists during the preadmission period has previously been shown 

to reduce the need for medication clarification postoperatively65;66. Our study results support the recent 

findings from a randomized controlled trial in Canada, which clearly demonstrated that a pharmacist’s 

involvement in a preadmission clinic significantly reduced postoperative medication discrepancies 

related to home medications from 40.2% to 20.3% of patients in the control and intervention group, 

respectively67. In the study of Hick et al. the participation of a clinical pharmacist in the pre-operative 

setting of a surgical department led to an increased number of clinically relevant interventions66. In this 

study no specific details were given on the number of interventions in peri-operative drug management. 

The most important contribution to the process was considered transcribing discharge prescriptions.

Medication reconciliation is not the only tool to enhance medication safety. The clinical pharmacist 

can provide insight in the impact of continuing or stopping these medications. Moreover, it has 

been shown that as a result of incomplete drug use profiles, omissions to restart medication and 

lack of information, many modifications are necessary after discharge from the hospital in the 

medication use of the patient68. The studies by Walker and Kaparinar show that a pharmacy-led 

discharge service leads to significantly less medication discrepancies69;70. 

The higher number of medications reported by patients in the intervention group is not unexpected 

since other studies have shown pharmacists often obtain more information than physicians and 

nurses about patients’ medication use when they are admitted to hospital71;72. The study by Davis 

et al. showed an average number of chronic drugs used prior to hospitalization by patients aged 

60 or more of 4.1, compared to 3.5 and 4.7 in the control and intervention group of our study, 

respectively73.

The analysis of medication use of the patients at hospital admittance shows that in only approximately 

53% of the prescriptions the information from the GP and the community pharmacy is in accordance 

with patients’ actual use. This is similar to prior outcomes72. This is partly caused by inadequate 

compliance of the patient and partly by inaccurate pharmacy and GP data. This inaccuracy is only 

partly caused by OTC-drug use from the patients. Additionally, 15% of the prescriptions is started 

in the period between the preoperative screening by the pharmacy and hospital admittance. This 

result shows the importance of the intake interview at the day of hospital admittance where attention 

is given to the medication use of the patient and a structured report is provided to the pharmacy. 

The results of the intervention group show that in 24% of the patients an adjustment of the 

medication was necessary before the patient was admitted to hospital, e.g. ceasing of platelet 

inhibitors and anticoagulants. Furthermore ceasing or tapering SSRI’s, stopping or tapering ‘wrong 

drugs’ according to the Beers criteria and starting of PPI because of prevention of NSAID-induced 

gastropathy are interventions for which the general practitioner of the patient or another specialist 

needs time to discuss with the patient. Therefore timely involvement of the pharmacy in the process 



is essential. The preadmission surgery clinic seems to be the ideal time and place in the process 

for both patient and anesthesiologist in which the clinical pharmacy services start for this patient 

group. 

In the postoperative phase a drug was restarted in 17% of the patients that had been ceased 

peri-operatively and was omitted to restart at the time of discharge. This is comparable to other 

studies66;74. Furthermore, a drug was permanently stopped by the pharmacist in 32% of the 

patients because there was no longer an indication. This is likely to result in a reduction in costs 

and possibly adverse events. Several studies have demonstrated the positive results of medication 

reconciliation69;70;75-80. 

The major strength of this study is that all possible aspects of pharmaceutical care for surgical 

patients have been implemented in the intervention group of this study. A complete follow-up of 

the patients during the whole process from preadmission clinic to discharge was achieved in both 

the intervention and control group. In contrast with prior studies not only medication reconciliation, 

or discharge services have been assessed. Compared to the study of Van den Bemt et al. peri-

operative drug management advice to the anesthesiologist was not limited to anticoagulant drugs81. 

Moreover, all possible DRPs have been determined based upon the widely used and accepted 

MAI-criteria82;83, except quality of directions provided to the patient, practicality of these directions 

and determination whether the cheapest alternative is used. 

The study was too small to show an impact on clinical endpoints or health care utilization such as 

postoperative complications, blood transfusions and unplanned readmissions. The results showed a 

significant decrease in adverse drug events and on the length of hospital stay. Whether this was as 

a result of the intervention at reducing the number of potential DRPs, or is a time trend independent 

of this study cannot be concluded from our data, although it has been shown in some earlier 

studies84. Similarly the interventions are likely to affect clinical outcomes2-4;84, although the data is 

not consistent70. Further research in this area should be performed in order to specify the relation 

between potential DRPs, the MAI-score and clinical outcomes. 

No one was blinded to the pharmacist intervention, which could have had an impact on the treating 

doctors to screen more carefully for DRPs themselves. This so called Hawthorne effect could have 

influenced the effect of the pharmacists’ intervention85.

Finally, the cost-effectiveness of the activities performed by the pharmacist in this study was not 

determined. Given that this study suggests that the length of stay in hospital may be reduced 

because of the pharmacist intervention, future studies should address the economic impact of the 

intervention. 
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Implications for future research:

The systematic review on prevention of CIOP (chapter 2) resulted in an audit standard that should 

be used in all future CIOP prevention studies. These guidelines are:

1. Studies should only determine the degree of prevention using a prevalent guideline at the time 

of the study as reference.

2. 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, all the risk factors needed to make a clinical decision 

should be considered.

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

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

considered effective options for the prophylaxis of CIOP in any of the referenced guidelines. 

4. Studies should not include patients on monotherapy inhaled CS therapy until further evidence 

on the risk is available. 

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

adherent to therapy. Prescribers cannot be accounted for this lack of prophylaxis.

It should be noted that the same system can be applied to other areas of guideline implementation 

research. The most important measure would be to use the same factors for decision making 

mentioned in the guideline which is scope of research and for inclusion or exclusion of patients 

from the studies.

The study on knowledge of prescribers of diagnosis and treatment of CIOP shows knowledge 

needs to be improved. In our multifaceted intervention only little attention has been given to 

educational programs. Moreover, only little is known on the effect of educational programs aimed 

at improvement of knowledge of patients and self-management of CIOP42;45;86;87.

The pharmacy based intervention study to improve the prevention of CIOP showed no effect on 

a population level (Chapter 5). One of the explanations was that patients were missed due to 

infrequent case-finding, since that was rather labor intensive. It remains to be investigated what the 

effects are if the decision support system that was used is integrated in the pharmacy software that 

is used in community pharmacies. This creates the possibility of the continuous determination of 

risk factors for CIOP (e.g. length of use and average daily dose) with each new prescription.

Furthermore effort should be put into determining the sensitivity and specificity or positive 

predictive value of the clinical rule used in the decision support system. Adjusting the settings of the 

calculations used might improve these values, further reducing the labor intensity and improving 

the number of patients receiving an intervention.



Finally, it should be evaluated whether a pharmacy-based intervention study in corticosteroid users, 

using the FRAX tool to calculate 10 year risk of fractures with or without BMD 62;63;88 can further 

improve the decision support tool we have developed.

The study on the effect of a multifaceted pharmacy-based intervention on peri-operative drug 

management in orthopedic surgery (Chapter 6) showed a significant reduction of the number of 

actual and potential drug related problems. However, because of a limited study size and low 

incidence of complications in the control group no data could be provided on clinical outcomes 

such as morbidity, mortality, readmissions, peri-operative blood loss or bleeding index, etc. Future 

studies should collect and examine the data of these important parameters.

Furthermore it became clear that there is no standardized, validated audit tool for the determination 

of appropriateness of the medication in peri-operative care. The MAI-score82;83;89;90 only accounts 

for a number of drug related problems encountered in peri-operative drug management. The MAI 

does not provide a score that can be linked to an actual risk of morbidity or mortality. Studies are 

needed to adjust and validate this tool for studies on peri-operative drug management.

In the development of a checklist for peri-operative drug management it became clear that evidence 

for continuation or cessation of certain drug classes during surgery is limited. For instance studies 

on the effects of ceasing Renin Angiotensin Aldosteron System (RAAS) inhibitors (e.g. enalapril) are 

scarce91.

The studies performed in this thesis show the profound role pharmacists can play in enhancing 

medication safety in patients with musculoskeletal disease. In osteoporosis pharmacists can improve 

the care of 40% of corticosteroid users at risk of osteoporosis. In orthopedic surgery patients more 

than 50% of drug related problems could be prevented by a pharmacy-based intervention.
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Summary

Musculoskeletal disease is a collection of various conditions, which include rheumatoid arthritis, 

osteoarthritis and osteoporosis. Collectively these conditions have a significant impact on quality of life. 

The general population is increasingly ageing and as a consequence the incidence of musculoskeletal 

disease is rising. Because resources are limited a challenge arises. Methods to improve pharmaceutical 

care need to be explored. Medication plays an important role in the management of osteoporosis. 

Secondly patients with fractures, rheumatoid arthritis or osteoarthritis undergoing surgery are 

at risk of drug related problems. Studies have shown pharmaceutical care in these areas can be 

improved. Therefore, we performed a number of studies to determine the effects of direct involvement 

of pharmacists and their teams in specialised pharmaceutical care in patients with musculoskeletal 

disease.

Part I Corticosteroid-induced Osteoporosis

It has been stated that the degree of prophylaxis for corticosteroid-induced osteoporosis (CIOP) 

within the indications defined by treatment guidelines is too low and effort should be put into 

determining reasons for non-prescribing of preventive medicines. In Chapter 2 of this thesis we 

identified: how many studies adequately audit the prevalent existing guidelines, the longitudinal 

trends in prevention of CIOP, which patient groups appear to be most undertreated, and which 

intervention strategies are effective. In order to systematically review the literature a comprehensive 

search of MEDLINE was performed and systematically the outcomes and quality of published 

studies, using five major criteria were recorded. The criteria used were:

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 the time of patient inclusion? For example, weren’t 

patients included before the referenced guideline was published?

Of the thirty-nine studies on prevention of CIOP which were retrieved, only twenty-four studies were 

included in the analysis because they only included long-term corticosteroid users and referenced 

a guideline they used for patient selection. The quality of the included studies was poor (31%) or 

moderate (37%). There was a longitudinal increase in quality of the studies, which was accompanied 

with an increase of the percentage of adequate prophylaxis. The average pharmacological prophylaxis 

rate was only 31±25% (range 1–86) for bisphosphonates, 41±23% (range 7–86) for any antiresorptive 

treatment (excl. calcium/vitamin D) and 54± 30% (range 11–93) for any treatment (incl. calcium/vitamin 



D). Multivariate linear regression showed that the quality of the study was the only independent predictor 

of the prevention rate reported in the study. We conclude that undertreatment of CIOP may partly be 

dependent on the insufficient quality of the studies rather than poor practice or failure to recognise 

the correct patients who are eligible for osteoporosis prevention. Future (intervention) studies should 

comply with the five major quality criteria as mentioned before. From the intervention studies included it 

appeared that a multifaceted approach is required in order to make an impact on the underprescribing 

of CIOP prophylaxis, although the quality of these two studies was moderate. 

In Chapter 2 it is shown that long-term corticosteroid users are undertreated for osteoporosis 

prevention and studies of high-quality are lacking. Chapter 3 identifies the prevention trends in 

long-term corticosteroid users from 2001–2005 in The Netherlands and determines predictors for 

bisphosphonate prophylaxis. In order to study this, pharmacy dispensing data were used from nine 

community pharmacies. All oral corticosteroid doses were converted to “prednisolone equivalents”. 

We then identified long-term (≥90 days) corticosteroid episodes, which required bisphosphonate 

prophylaxis as per 2002 Dutch guidelines. Multivariate logistic regression was used to identify predictors 

for receiving prevention. We identified 615 different corticosteroid patients requiring prophylaxis. The 

results show that from 2001–2005 the use of bisphosphonates increased from 38% to 54% (p=0.001). 

In 2005 females requiring prophylaxis were prescribed bisphosphonates more frequently than males 

(61% vs. 39%; p=0.002), or any treatment (72% vs. 45%; p<0.001). Multivariate analysis showed that 

longer duration of corticosteroid use and disease-modifying antirheumatic drug (DMARD) use were 

independent predictors of bisphosphonate use. Use of respiratory medication was a negative predictor 

of bisphosphonate use. It was concluded that there has been a significant increase in osteoporosis 

prophylaxis in a population at high risk for osteoporosis/fractures. In particular, females appear 

reasonably well treated; however, men are not receiving prevention to the same degree as women.

Chapter 3 describes that even in a high quality study performed in our region, the rate of CIOP 

prevention with bisphosphonates is low (54%). We therefore assessed prescribers’ knowledge and 

likely prescribing patterns concerning the diagnosis and treatment of CIOP. 

The study presented in Chapter 4 was performed to identify key barriers to the use of preventive 

therapy in patients using long-term corticosteroids. The study was conducted using a postal 

survey which was sent to general practitioners (GPs) and specialists in the northern part of The 

Netherlands. The survey comprised of questions on: demographic data, perceived barriers to 

the use of preventive therapy for CIOP, and knowledge of diagnosis and treatment of CIOP. Case 

scenarios were created to assess possible or likely practice patterns.

Responding prescribers (response rate 29%) correctly answered an average of 55% of knowledge 

questions and 69% of case scenarios. Multiple questions and cases showed that knowledge on the 

use of bone mineral density (BMD) determination was poor. BMD was determined in patients who, 
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according to the national osteoporosis guidelines for specialists and general practitioners, should 

be treated with bisphosphonates independent of BMD. Moreover, only 18% of doctors correctly 

answered that BMD cutoff in CIOP patients is a T-score of ≤-1 or ≤-1.5. Key barriers identified 

were: (1) GPs, significantly more than specialists, consider prescription of preventive therapy the 

responsibility of another doctor (2) discontinuation of anti-resorptive medication due to adverse effects 

(3) the reluctance to prescribe preventive therapy in patients already prescribed multiple medications. 

However, few prescribers mentioned these issues as strong barriers in the survey. It was concluded 

that doctors did not identify many barriers to the prescribing of anti-resorptive therapies. Lack of 

knowledge, especially concerning the use of BMD-results, is the most likely explanation which led to 

the under-treatment of the patients who required prophylaxis in the case scenarios.

The goal of the study in Chapter 5 was to assess the effect of a multifaceted pharmacy-based 

intervention supporting general physicians in identifying patients requiring prophylaxis for CIOP. We 

analysed pharmacy data from nine community pharmacies to select patients complying with the 2002 

Dutch specialist guideline and 2005 Dutch GP guideline on (corticosteroid-induced) osteoporosis and 

who didn’t receive prophylaxis with bisphosphonates or teriparatide. Intervention recommendations 

were sent by the pharmacist to the patient’s GP. An independent reference group from another 

area of The Netherlands was also analysed. The results show an intervention was performed in 189 

patients receiving long-term corticosteroids. The prevention rate in the whole population (n=834) 

increased 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). The feedback from pharmacists and GPs showed that 66 (35%) of 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. The results also showed 

that in 13% of cases a plausible reason (adverse events, contraindication, problems with swallowing, 

problems with adherence, patient refuses therapy, polypharmacy, and no CS use at time of letter to 

GP) for non-prescribing of bisphosphonates was determined.

It was concluded that there was no effect of the intervention at a population level. This apparent 

low impact of the intervention can be partly explained by the fact that the case-finding was only 

performed twice and was based on the dispensing history of the patients. In addition, there was a 

significant delay in the patients being identified and the intervention proposal to their GP. The cause 

of the delay was due to the labour intensive case-finding process. Patients using corticosteroids 

for less then one year were more likely not to receive prevention although they were at risk and 

used corticosteroids for at least 3 months. Therefore, we suggest that more frequent case-finding 

and optimally continuous case-finding performed by pharmacists at the moment of dispensing of 

corticosteroids has a higher potential to improve prevention of CIOP.



Part II Peri-operative Drug Management

Chapter 6 describes the role of pharmacists in peri-operative drug management. Patients 

undergoing major surgery such as knee and hip replacement are often seen by a range of health 

care workers. Traditionally, pharmacists have not been part of the routine management of surgery 

patients. The transition between primary care and hospital carries a high risk for drug misadventure. 

The frail elderly are particularly prone to confusion and medication errors often resulting in adverse 

outcomes. Only limited information is available in the literature on the effects of clinical pharmaceutical 

care during the peri-operative period. Therefore, aim of this study was to determine the effect of 

clinical pharmacy-based interventions on the number of potential and actual drug-related problems 

(DRPs) in patients undergoing elective orthopedic surgery.

We conducted the study as a prospective, non-randomized, controlled, intervention study of patients 

undergoing elective hip- or knee replacement surgery in a general hospital in The Netherlands. The 

study population was divided into an historical control group and a prospective intervention group. 

Patients in the control group received care as usual, including preoperative screening by a nurse 

practitioner, anaesthesiologist and general physician. Electronic medication surveillance (assessing 

patient’s medication chart for dose errors, drug-drug interactions) was carried out for all patients. 

Following a pre-operative drug use interview, medication reconciliation and full medication review 

by the pharmacist recommendations were made to the anaesthesiologist. Finally, postoperatively 

medication reconciliation was performed by the pharmacist at discharge. For each group the 

average number of potential and actual DRPs during the whole hospitalization period of each 

patient was determined.

The results of this study show that the number of potential and actual DRPs was reduced by 58% 

from an average of 3.6 to 1.5 per patient in the control- and intervention group, respectively. Forty 

seven percent of the medication used at admission showed discrepancies with data from other 

sources (community pharmacist, general practitioner). At discharge it was revealed that in 32% of 

patients at least one drug could be stopped and in 17% of patients a necessary drug was omitted 

because it had been ceased pre-operatively and was not recommenced at the time of discharge. 

We concluded that the addition of clinical pharmacy service to a preadmission clinic significantly 

enhances medication safety in patients undergoing elective orthopedic surgery. Based on our data 

clinical pharmacy services should be an integral part of patient care for orthopedic surgery patients. 

The effect of clinical pharmacy services in other types of surgery patients needs to be studied.
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Overall conclusion

Our studies show that medication therapy management in musculoskeletal disease can be 

substantially improved. A systematic review showed poor prevention of CIOP might not only be 

due to suboptimal practice patterns, but more likely because of lack of quality of the studies. In 

our region CIOP prevention rates with bisphosphonates have improved over the years since 2002 

but remained suboptimal, 54% treated according to guidelines, in 2005. We also showed that the 

lack of prevention is probably due to an overestimation of the importance of bone mineral density 

testing. Other possible barriers appeared less important.

The most frequently mentioned barrier was prescription of CIOP prophylaxis was the responsibility 

of another doctor. A multifaceted intervention by pharmacists showed an increase of prevention 

in both the intervention and reference group. The study did show that an intervention could be 

carried out in 40% of patients needing prophylaxis and that the main reason for the non-prescribing 

of bisphosphonates was patients relocating or dieing prior to an intervention being performed. If 

pharmacists perform continuous case-finding we assume a significant increase in CIOP prevention 

is possible.

Finally, the pharmacist can significantly enhance medication safety by the performance of peri-

operative drug management. Our study showed that the number of potential and actual DRPs was 

more than halved.

Although future pharmacoeconomic evaluations are needed to determine the cost-effectiveness 

of pharmacist interventions in The Netherlands, the above studies show that both case-finding 

and medication therapy management in patients with musculoskeletal disease performed by 

pharmacists is beneficial to the quality of care and to the patients.
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Samenvatting

Musculoskeletale ziekte oftewel bot-spierziekte is een verzameling van verschillende aandoeningen. 

Reuma (rheumatoide artritis), slijtage van de gewrichten (artrose) en botontkalking (osteoporose) zijn 

aandoeningen met een hoge ziektelast en daarmee verlies van kwaliteit van leven. De Nederlandse 

bevolking wordt steeds ouder met als gevolg dat de kans op het krijgen van een bot-spierziekte 

stijgt. Nieuwe methoden om de patiëntenzorg te verbeteren, moeten worden onderzocht. 

Medicijnen zijn de kern van de behandeling van osteoporose en het coördineren van de medicatie 

speelt een belangrijke rol bij patiënten die een orthopedische ingreep moeten ondergaan. 

Daarnaast hebben ouderen die een grote orthopedische operatie ondergaan een verhoogd risico 

op door medicijnen veroorzaakte problemen. Verschillende onderzoeken hebben aangetoond dat 

de farmaceutische zorg bij deze groep patiënten kan worden verbeterd. Wij hebben een aantal 

onderzoeken uitgevoerd om de effecten te bepalen van de directe betrokkenheid van apothekers 

en hun medewerkers in de farmaceutische patiëntenzorg bij patiënten met bot-spierziekten. 

Deel I Corticosteroïd-geïnduceerde osteoporose

In eerder onderzoek is vastgesteld dat de mate van het voorkomen van door corticosteroïden 

veroorzaakte osteoporose (CIOP) te laag is en dat bepaald moet worden wat de redenen zijn 

voor het niet voorschrijven van middelen tegen osteoporose. Om te bepalen waar precies de 

noodzaak tot verder onderzoek lag werd allereerst systematisch de literatuur nagekeken. Het doel 

van het literatuuroverzicht in hoofdstuk 2 was vast te stellen: 

1. Wat zijn de chronologische trends in de preventie van CIOP bij risicopatiënten.

2. Hoeveel onderzoeken hebben de mate van preventie getoetst aan de hand van de 

 op dat moment geldende osteoporoserichtlijn.

3. Welke interventie strategieën zijn al effectief gebleken om het voorkomen van 

 osteoporose te verbeteren.

De resultaten van de kwaliteit van de gepubliceerde studies werden met behulp van vijf belangrijke 

criteria bepaald. De gebruikte criteria zijn: 

1. Was de lengte van het corticosteroïd (CS) gebruik van patiënten die aan de onderzoeken 

deelnamen overeenkomstig de geldende richtlijn?

2. Was de minimale CS dosis van de patiënten die in de studie werden opgenomen volgens de 

geldende richtlijn? 

3. Waren de profylactische behandelingen die waren geselecteerd als eindpunt van het onderzoek 

volgens de geldende richtlijn?

4. Waren de bot mineraal dichtheids (BMD) waarden conform de geldende richtlijn gebruikt voor 

het opnemen in of uitsluiten van patiënten in het onderzoek?



5. Was de voor het onderzoek gebruikte richtlijn wel geldig op het moment dat het onderzoek werd 

uitgevoerd? Oftewel, werden geen patiënten in het onderzoek opgenomen voordat de gebruikte 

richtlijn werd gepubliceerd?

Uit de resultaten van het literatuuronderzoek blijkt dat 39 studies over de preventie van CIOP 

werden gevonden. Slechts vierentwintig onderzoeken werden opgenomen in de definitieve analyse, 

omdat ze alleen chronische (≥3 maanden) corticosteroïd-gebruikers hadden geïncludeerd in het 

onderzoek en zij verwezen naar een richtlijn die was gebruikt voor de selectie van patiënten om 

te bepalen of preventie van CIOP nodig was. De kwaliteit van de opgenomen studies was slecht 

(31%) of matig (37%). Er was een toename van de kwaliteit van de studies in de tijd, die gepaard 

ging met een stijging van het percentage adequate profylaxe. De gemiddelde farmacologische 

profylaxe bedroeg slechts 31 ± 25% (bereik 1-86) voor bisfosfonaten, 41 ± 23% (bereik 7-86) voor 

elke receptplichtige anti-osteoporose behandeling (excl. calcium/vitamine D) en 54 ± 30% (bereik 

11-93) voor elke medicamenteuze behandeling (incl. calcium/vitamine D). 

Uit een multivariabele lineaire regressie-analyse bleek dat de kwaliteit van de studie de enige 

onafhankelijke voorspeller was van de mate van preventie zoals gemeld in het betreffende onderzoek. 

Geconcludeerd kan worden dat onderbehandeling van CIOP te wijten is aan onvoldoende 

kwaliteit van de onderzoeken in plaats van onvoldoende uitvoer van de richtlijnen door artsen, 

waardoor onvoldoende patiënten herkend worden. Toekomstige (interventie) onderzoeken moeten 

voldoen aan de vijf belangrijke hierboven vermelde kwaliteitscriteria. Uit de interventiestudies 

die zijn meegenomen is gebleken dat een veelzijdige benadering nodig is om een effect op de 

onderbehandeling van CIOP te bewerkstelligen, hoewel de kwaliteit van deze twee onderzoeken 

matig was.

Zoals in hoofdstuk 2 aangegeven, ontbreken onderzoeken van hoge kwaliteit over preventie van 

CIOP bij chronische corticosteroïd-gebruikers. Het doel van het onderzoek in hoofdstuk 3 is om de 

trends in het voorkomen van CIOP in Nederland in de periode 2001-2005 in kaart te brengen en de 

voorspellende factoren te identificeren voor het voorschrijven van bisfosfonaten. Om dit te bestuderen 

zijn de aflevergegevens van 9 openbare apotheken geanalyseerd. Alle orale corticosteroïd-doses 

werden omgezet naar “prednisolon equivalenten”. Vervolgens hebben we alle chronische (≥ 90 

dagen) corticosteroïd episoden bepaald, waarbij bisfosfonaat profylaxe nodig was volgens de CBO 

richtlijn osteoporose van 2002. Statistische methoden (“multivariate logistische regressie”) werden 

gebruikt om voorspellers te bepalen voor patiënten die medicijnen voor osteoporose krijgen. We 

identificeerden 615 verschillende corticosteroïd patiënten die profylaxe nodig hadden. De resultaten 

tonen aan dat in de periode van 2001 tot 2005 het gebruik van bisfosfonaten gestegen was van 

38% naar 54% (p = 0,001). In 2005 werd er bij vrouwen die profylaxe nodig hadden significant 

vaker een bisfosfonaat gebruikt dan bij mannen (61% vs 39%, p = 0,002). Dit gold ook voor alle 



 161Samenvatting |

medicamenteuze osteoporose behandelingen (72% vs 45%, p <0,001). 

Multivariate regressie analyse toonde aan dat een langere duur van het gebruik van corticosteroïden 

en het gebruik van geneesmiddelen tegen reuma (“disease modifying antirheumatic drugs” 

(DMARDs)) onafhankelijke voorspellers waren van bisfosfonaat gebruik. Het gebruik van medicijnen 

voor de luchtwegen was een negatieve voorspeller van bisfosfonaat gebruik. We concludeerden 

dat er een aanzienlijke toename van osteoporose profylaxe was tijdens de onderzoeksperiode in 

een populatie met een hoog risico voor osteoporose of fracturen. Met name vrouwen lijken redelijk 

goed behandeld, maar mannen worden niet in dezelfde mate als vrouwen herkend.

Uit het onderzoek in hoofdstuk 3 is gebleken dat zelfs in een studie met hoge kwaliteit, uitgevoerd in 

onze regio, de mate van preventie met bisfosfonaten laag is (54%). Wij wilden daarom de kennis van 

voorschrijvers en waarschijnlijke voorschrijfpatronen met betrekking tot de diagnose en behandeling 

van CIOP bepalen. Een ander doel van het onderzoek in hoofdstuk 4 is om de belangrijkste 

belemmeringen voor het gebruik van preventieve therapie bij patiënten die langdurig corticosteroïden 

gebruiken vast te stellen. Het onderzoek werd uitgevoerd met behulp van een enquête die werd 

verstuurd naar huisartsen en specialisten in de provincie Friesland. De enquête bestond uit vragen 

over: demografische gegevens, ervaren belemmeringen voor het gebruik van preventieve therapie 

voor CIOP, en kennis van de diagnose en behandeling van CIOP. Tenslotte werden vragen over 

bepaalde “model” patiënten opgenomen om het voorschrijfgedrag in de praktijk naar boven te 

krijgen.

De resultaten tonen een respons van 29%. Voorschrijvers die reageerden beantwoordden gemiddeld 

55% van de kennisvragen en 69% van gefingeerde patiënt casussen correct. Bij meerdere vragen bleek 

dat de kennis bij voorschrijvers over het gebruik van de bot mineraal dichtheids (BMD) bepaling matig 

was. De BMD werd vastgesteld bij patiënten die, volgens de nationale richtlijnen voor osteoporose van 

specialisten en huisartsen behandeld moeten worden met bisfosfonaten onafhankelijk van de BMD. 

Bovendien antwoordde slechts 18% van de artsen juist dat de BMD grenswaarde bij CIOP patiënten 

een T-score van ≤ -1 of ≤ -1,5 is. De belangrijkste belemmeringen die werden vastgesteld zijn:

(1)  huisartsen, aanzienlijk meer dan specialisten, vonden dat het voorschrijven van preventieve therapie 

de verantwoordelijkheid van een andere arts is.

(2) staken van de anti-osteoporose medicatie als gevolg van bijwerkingen.

(3) het bezwaar een preventieve behandeling voor te schrijven bij patiënten die al meerdere medicijnen 

gebruiken.

Echter, over het algemeen gaven de artsen in de enquête aan dat dit geen hele grote barrières zijn. De 

conclusies van het onderzoek was dan ook dat artsen weinig belemmeringen voor het voorschrijven 

van anti-osteoporose middelen zagen. Gebrek aan kennis, met name over het gebruik van BMD-

resultaten, lijkt de voornaamste reden te zijn voor de onderbehandeling van de gepresenteerde 

patiënten die profylaxe voor CIOP nodig hadden.



Het doel van het onderzoek in hoofdstuk 5 is om het effect te bepalen van een veelzijdige interventie 

door de apotheek ter ondersteuning van huisartsen bij het opsporen van patiënten die profylaxe voor 

CIOP nodig hebben. We analyseerden gegevens van negen thuisapotheken in de regio Heerenveen 

om patiënten te selecteren die een hoog risico hebben op CIOP volgens de CBO-standaard 

osteoporse uit 2002 en de NHG-standaard osteoporose uit 2005 en die geen profylaxe met 

bisfosfonaten, parathyroïd hormoon of teriparatide ontvangen. Interventievoorstellen werden door 

de apotheker aan de huisarts van de patiënt gedaan. Een referentiegroep van (geanonimiseerde) 

patiënten uit een andere regio in Nederland, werd ook geanalyseerd. De resultaten laten zien dat 

een interventievoorstel werd gedaan bij 189 patiënten die langdurig corticosteroïden gebruikten. 

De mate van preventie in de hele populatie (n = 834) liet een geringe stijging van 48,4% in 2005 

(pre-interventie) tot 55,1% in 2007 (post-interventie) zien. Bovendien bleek dat er geen significant 

verschil met de referentiegroep was (47,4% versus 56,7 % in 2005 en 2007, respectievelijk). Een 

andere belangrijke bevinding was dat bij 35% van de patiënten de corticosteroïden waren gestopt, 

of de patiënt was verhuisd of overleden voor een interventie kon worden uitgevoerd. Bovendien 

was bij 9,5% van de patiënten al spontaan een bisfosfonaat gestart door de behandelend arts. Van 

de overgebleven 105 patiënten kon bij 40% een interventie worden uitgevoerd. Uit de resultaten 

bleek ook dat er in 13% van de gevallen een plausibele reden (bijwerkingen, contra-indicatie, 

problemen met slikken, problemen met de therapietrouw, patiënten weigert therapie, polyfarmacie, 

en geen CS gebruik ten tijde van de brief aan de huisarts) was voor het niet voorschrijven van 

bisfosfonaten.

Geconcludeerd kan worden dat de interventie slechts een beperkt effect op populatie niveau 

bleek te hebben. Dit kan te wijten zijn aan het feit dat de selectie van patiënten, gebaseerd op de 

aflevergeschiedenis van de patiënten, slechts twee keer werd uitgevoerd. Bovendien zat er een 

aantal maanden tijd tussen de dataverzameling en de daadwerkelijke interventievoorstellen. Dit 

werd veroorzaakt door de arbeidsintensieve selectiemethode. Patiënten die corticosteroïden voor 

minder dan een jaar gebruikten, vertoonden een grotere kans om geen osteoporose preventieve 

medicijnen tegen osteoporose te ontvangen, hoewel ze de corticosteroïden wel gedurende ten 

minste 3 maanden gebruikten. Daarom raden we aan vaker een selectie te maken van patiënten 

met risico op osteoporose. Idealiter zou het bepalen van het risico op CIOP continue moeten 

worden uitgevoerd door apothekers(assistenten) bij iedere verstrekking van de corticosteroïden. 

Vervolgonderzoek moet aantonen of dit een succesvolle strategie is.
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Deel II Peri-operatief geneesmiddelmanagement

Hoofdstuk 6 beschrijft de rol van de apothekers in het geneesmiddelgebruik rondom een operatieve 

ingreep (“peri-operatief geneesmiddelmanagement”). Vanwege het multidisciplinaire karakter van 

grote chirurgische procedures zoals knie- en heupvervangingen worden van oudsher veel 

verschillende informatiebronnen gebruikt. Historisch gezien is de ziekenhuisapotheek nauwelijks 

betrokken bij het peri-operatieve geneesmiddelbeleid bij deze patiënten. Bovendien heeft de 

overgang van de eerstelijns zorg naar het ziekenhuis en weer terug een grote invloed op de 

patiënten. Vooral kwetsbare ouderen zijn gevoelig voor geneesmiddelgerelateerde problemen en 

hebben een hoog risico verward te worden tijdens een ziekenhuisopname. Dit zogenaamde delier 

leidt tot ongewenste effecten waardoor een langere ziekenhuisopname nodig kan zijn.

Er is slechts beperkte informatie beschikbaar in de literatuur over de effecten van klinische 

farmaceutische patiëntenzorg in het peri-operatieve geneesmiddelbeleid. Daarom was het doel van 

deze studie om het effect van interventies door de afdeling klinische farmacie te bepalen op het 

aantal potentiële en feitelijke geneesmiddelgerelateerde problemen (DRPs) bij patiënten die een 

electieve orthopedische ingreep ondergaan. 

Het was een prospectieve, niet-gerandomiseerde, gecontroleerde, interventiestudie van patiënten 

die een vooraf geplande heup- of knie vervangende operatie ondergingen in ziekenhuis de 

Tjongerschans in Heerenveen. De onderzoekspopulatie was verdeeld in een historische 

controlegroep en een interventiegroep. Patiënten in de controlegroep kregen de gebruikelijke zorg, 

met inbegrip van pre-operatieve screening door een polikliniek verpleegkundige, anesthesist en 

internist. Elektronische medicatiebewaking werd uitgevoerd voor alle patiënten. Na een gesprek van 

de apotheker en/of apothekers-assistent met de patiënt tijdens de pre-operatieve screening over 

zijn/haar geneesmiddelgebruik werd bij de interventiegroep nagegaan of de medicatiegegevens 

wel compleet waren (“medicatieverificatie”) en vervolgens werd een beoordeling van de gebruikte 

medicatie (“medicatiereview”) uitgevoerd. Op basis van deze analyse werden adviezen gegeven 

voor aanpassingen van de medicatie aan de anesthesioloog en/of huisarts. Voor elke groep werd 

het gemiddeld aantal DRPs per patiënt bepaald.

Uit de resultaten van ons onderzoek blijkt dat het aantal potentiële en feitelijke geneesmiddelgerelateerde 

problemen werd verlaagd met 58% van een gemiddelde van 3,6 tot 1,5 per patiënt in de controle-

en interventie-groep, respectievelijk. Zevenenveertig procent van de gebruikte medicatie bij opname 

toonde discrepanties met gegevens uit andere bronnen (openbare apotheker, huisarts). Bij ontslag 

van de patiënt uit het ziekenhuis bleek dat bij 32% van de patiënten ten minste één geneesmiddel 

kon worden gestopt en in 17% van de patiënten een noodzakelijk geneesmiddel werd weggelaten 

omdat het pre-operatief was gestopt en per abuis (nog) niet was hervat op het moment van ontslag. 

We concluderen dat de deelname van klinische apothekers en apothekers-assistenten aan de pre-

operatieve screening de medicatieveiligheid van patiënten voorafgaand aan een orthopedische 



ingreep verhoogt. De diensten van de afdeling klinische farmacie moeten deel uitmaken van de 

standaard zorg voor orthopedische operatiepatiënten. Het effect van deze vorm van farmaceutische 

patiëntenzorg zal bij andere chirurgische ingrepen naar verwachting eveneens winst opleveren.

Algemene conclusie 

De gepresenteerde onderzoeken in dit proefschrift laten zien dat het geneesmiddelgebruik bij 

patiënten met een bot-spierziekte (reuma, artrose, osteoporose) kan worden verbeterd door actieve 

inbreng van de afdeling klinische farmacie in een ziekenhuis of daarbuiten. Een systematische 

analyse van de literatuur toonde aan dat de onvoldoende preventie van CIOP wellicht niet alleen 

te wijten is aan onvolkomenheden in de implementatie van de richtlijnen in de (huisartsen)praktijk, 

maar waarschijnlijk ook te wijten kan zijn aan tekortkomingen in de kwaliteit van de studies. De 

mate van CIOP preventie is weliswaar gestegen sinds 2002, maar is toch suboptimaal gebleven 

(54%) in 2005. We toonden ook aan dat het gebrek aan preventie voor osteoporose waarschijnlijk 

is ontstaan door een overschatting van het belang van de bepaling van de bot mineraal dichtheid 

(BMD) en minder het gevolg is van specifieke belemmeringen voor het gebruik van bisfosfonaten. 

Een veelzijdige interventie door apothekers liet een stijging van preventie in zowel de interventie- als 

referentiegroep zien. In dit onderzoek werd aangetoond dat een interventie kan worden uitgevoerd 

bij 40% van de patiënten met risico op CIOP. De belangrijkste reden voor het niet voorschrijven van 

bisfosfonaten is dat patiënten verhuizen of reeds waren overleden. Als apothekers het opsporen 

van patiënten met een hoog risico op CIOP continue zouden uitvoeren verwachten we dat een 

aanzienlijke toename van CIOP preventie mogelijk is.

Ten slotte kan de klinische apotheker een aanzienlijke vergroting van de veiligheid van medicatie 

bewerkstelligen door het vervullen van een regierol bij het peri-operatieve geneesmiddelmanagement. 

Onze studie toonde aan dat het aantal potentiële en feitelijke geneesmiddelgerelateerde problemen 

meer dan gehalveerd werd door de interventie.

Hoewel farmacoecomische analyses nog moeten uitwijzen of dit kosteneffectief is, blijkt uit de 

beschreven onderzoeken dat apothekers een belangrijke bijdrage kunnen leveren aan verbetering 

van de kwaliteit van zorg door het opsporen van patiënten met risico op CIOP en de coördinatie van 

het geneesmiddelgebruik bij patiënten met ziekten aan het bewegingsapparaat.
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Dankwoord

Een promotie is niet mogelijk zonder de steun en inzet van veel mensen. Onderzoek is niet alleen 

een denksport, maar het is topsport en bovendien een teamsport. De afgelopen jaren heb ik met 

veel genoegen met heel veel mensen samengewerkt. Dat alleen al is een van de grote genoegens 

van het promotieproces. Toch zijn er een aantal mensen die ik in het bijzonder wil bedanken. Er zijn 

vier mensen zonder wie dit proefschrift zeker niet mogelijk was geweest.

Lieve Brigitte, jouw steun was onontbeerlijk. Jij weet als geen ander hoeveel een promotie van 
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Beste Mark, ik heb je leren kennen als echte Aussie. Door je relatie met Katja ontkwam je niet aan 

een paar jaar in Groningen en aan het Nederlands. Die 3.7 op één van je tentamens zij je vergeven. 

Je positie in onze vakgroep bracht je naar Heerenveen. Veel heb je gedaan voor al mijn onderzoek. 

Samen hebben we vele uren door eindeloze databestanden en statussen geworsteld. We hebben 

ook veel gebrainstromd en altijd kwam je weer met grote plannen. Je drive voor het onderzoek is 

enorm en je hebt er dan ook erg veel tijd in gestopt. Je bent al weer een aantal jaar terug naar Down 

Under, maar tijdens onze tijd samen in Nederland vond ik ons echte soulmates. De afstand is iets 

groter, maar ik kijk uit naar een langdurige samenwerking. Tenslotte wil ik je bedanken dat je me 

hebt geholpen het vol te houden en zaken af te ronden. I really appriciate it. Thanx a lot mate!
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Prevention of coronary heart disease by 

nutritional interventions. Impact of nutritional 

education in groups and supplementation 

with alpha-linolenic acid

Supervisor: prof dr B Meyboom-de Jong

Co-supervisors: dr JF May, dr J Broer, 

dr EJM Feskens, dr FW Siero, dr AJ Smit

Veninga CCM (2000) 

Improving prescribing in general practice

Supervisor: prof dr FM Haaijer-Ruskamp

Co-supervisor: dr P Denig

Veehof LJG (1999) 

Polypharmacy in the elderly

Supervisors: prof dr B Meyboom-de Jong, 

prof dr FM Haaijer-Ruskamp

Vries SO de (1998) 

Management strategies for intermittent 

claudication 

Supervisor: prof dr MGM Hunink

Co-supervisor: dr JB Wong

Bosch JL (1997) 

Outcome assessment of the percutaneous 

treatment of iliac artery occlusive disease.

Supervisors: prof dr MGM Hunink, 

prof dr WPThM Mall, prof dr L Koopmans

Dijkers FW (1997) 

Repeat prescriptions: a study in general 

practice in The Netherlands

Supervisors: prof dr B Meyboom-de Jong, 

prof dr FM Haaijer-Ruskamp, 

prof dr AF Casparie

Trigt AM van (1995) 

Making news about medicines

Supervisors: prof dr TFJ Tromp, 

prof dr FM Haaijer-Ruskamp

Boerkamp E (1995) 

Assessing professional services quality: 

an application in health care

Supervisors: prof dr JC Reuijl, 

prof dr FM Haaijer-Ruskamp

Denig P (1994) 

Drug choice in medical practice: rationales, 

routines, and remedies

Supervisors: prof dr FM Haaijer-Ruskamp, 

prof dr H Wesseling

Jong-van den Berg LTW de (1992) 

Drug utilization studies in pregnancy: 

what can they contribute to safety assessment? 

Supervisors: prof dr MNG Dukes, 

prof dr H Wesseling

Co-supervisor: dr FM Haaijer-Ruskamp










