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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 



 19Introduction |

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 
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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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