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ABSTRACT 

Background: Despite strong evidence, strategies for improving bone health are 

underutilized. Knowledge translation (KT) interventions aim to improve uptake of 

evidence-based practices, however the feasibility and effectiveness of such strategies 

require further evaluation within Long-term Care (LTC). In this thesis, we examined the 

impacts of a province-wide osteoporosis strategy and a more intensive multifaceted KT 

strategy including expert-led educational meetings, audit/feed-back, and action planning 

for quality improvement. Both studies targeted interdisciplinary LTC teams (physicians, 

nurses, pharmacists, dietician, and other staff).  

Methods: In the first thesis study, we examined the impact of the Ontario Osteoporosis 

Strategy for LTC by investigating changes in facility-level prescribing rates (vitamin D, 

calcium, osteoporosis medications) before and after its implementation (2007 versus 

2012).  The second study was a pilot cluster randomized trial evaluating the feasibility 

and effectiveness of a 12-month, multifaceted, interdisciplinary KT intervention [Vitamin 

D and Osteoporosis Study (ViDOS)]. Prescribing outcomes included: vitamin D ≥800 IU 

(primary), calcium ≥500 mg/day, and osteoporosis medications (high-risk residents only). 

Feasibility outcomes included recruitment, retention, data collection, intervention fidelity, 

and process changes. We analyzed resident level data using the generalized estimating 

equations (GEE) technique, adjusting for clustering. 
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Results: 

In both studies, significant improvements were observed for vitamin D and calcium 

prescribing. In the first study, prescribing increased by 38% and 4%, respectively, 

between 2007 and 2012. In the ViDOS trial, the 12-month intervention resulted in an 

absolute improvement of 15% and 7%, respectively (intention to treat cohort). There was 

no significant effect for prescribing of osteoporosis medications in either study. In the 

ViDOS study, recruitment and retention rates were 22% and 63%, respectively; good 

intervention fidelity was achieved and intervention homes reported several process 

changes. 

Conclusion: 

This thesis study demonstrated that KT interventions targeting evidence-based 

osteoporosis and fracture prevention strategies were feasibly and effectively applied with 

interdisciplinary LTC teams.
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PREFACE 

This is a sandwich thesis consisting of four individual manuscripts that are either 

published, conditionally accepted, or submitted to peer-reviewed journals. The copyright 

material is reproduced with permission from the publisher of the journal. All of the papers 

included in this document were part of the student’s thesis research program on 

evaluating the effectiveness of knowledge translation interventions in Ontario Long-term 

Care (LTC) homes.  

The contribution of the student to the impact evaluation of the Ontario Osteoporosis 

Strategy in LTC (paper 1) included: conceiving the evaluation study; working with the 

pharmacy provider to obtain data downloads; overseeing the data validation process; data 

preparation and cleaning; data analysis and interpretation; and drafting the manuscripts.  

The second thesis study, the Vitamin D and Osteoporosis Study (ViDOS) trial, received 

an operating grant from the Canadian Institutes of Health Research (Funding Reference 

Number: MOP-114982).  Dr. Papaioannou was the Principal Investigator on this grant, 

and the student was the PhD trainee. The contribution of the student to the ViDOS trial 

(papers 2-4) included: contributing to the conception and study design; co-writing the 

grant proposal; consulting with co-investigators regarding methodological development; 

liaising with the pharmacy provider regarding data collection; lead writer of the study 

protocol; developing slide presentations for steering group and data safety committee 

meetings; overseeing the coordination and implementation of the study; developing the 

data management system; providing methodological support to the study coordinators; 
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leading the data management committee; data preparation and cleaning; data analysis and 

interpretation; presenting the work at international meetings; and drafting the 

manuscripts.
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INTRODUCTION TO THE THESIS 

1. BACKGROUND  

1.1 Long-Term Care in Ontario 

There has been a rapid increase in the number of seniors over age 85 (the 'oldest old'). In 

Canada, as the baby boomers enter this age group beginning in 2021, this cohort is 

projected to nearly triple in size to approximately 2.5 million (1). Along with this increase 

in the 'oldest old', there has also been a consequent increase in the number of people 

admitted to long-term care [LTC (2)]. This important sector provides residential care for 

older adults who need access to 24-hour nursing, supervision, or higher levels of personal 

care (3). LTC homes (also termed nursing homes) are funded by the Ontario Ministry of 

Health and Long-Term Care and governed by the Long-Term Care Homes Act, 2007 (4). 

Under this legislation, LTC homes are monitored and annually inspected by the Long-

Term Care Home Quality Inspection Program.  

Resident Characteristics 

The average LTC resident in Ontario is 82 years old, 48% are 85 years or older, and 69% 

are women (5). Approximately 75% have moderate to severe limitations in activities of 

daily living (personal hygiene, toilet use, locomotion and eating) and approximately 60% 

have moderate to severe limitations in cognitive function (short-term memory, skills for 

daily decision-making, expressive communication). Based on data from the Canadian 

Institute for Health Information (CIHI) utilizing the Resident Assessment Instrument-

Minimum Data Set (RAI-MDS 2.0)], approximately 13% of residents will experience a 
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fall over 30 days (5). CIHI data from 2009/2009 indicates that 7.9% and 25% of residents 

had a documented hip fracture or osteoporosis diagnosis, respectively (6). 

Home Characteristics 

As of 2010, there were approximately 625 LTC homes in Ontario and a total of 76,904 

beds [99% occupancy rate (6)]. Approximately 59% are for-profit, 25% are non-

profit/charitable, and 17% are municipal government-run facilities. It is estimated that 

approximately 75% of direct nursing care is provided by personal support workers, 13% 

by registered practical nurses, and 11% by registered nurses (6).  

1.2 Osteoporosis and Fractures  

The World Health Organization (WHO) defines osteoporosis as a systemic skeletal 

disease "characterized by low bone mass, microarchitectural deterioration of bone tissue 

leading to enhanced bone fragility, and a consequent increase in fracture risk (7)." Age-

related bone loss is a complex process occurring due to a combination of genetic, 

hormonal, biochemical, and environmental factors (8). As individuals age, the increasing 

fragility of bones occurs due to an imbalance that occurs between bone resorption and 

formation (i.e., less new bone is formed than resorbed) resulting in bone loss and 

structural damage (9).  

In a population-based study (10), the absolute lifetime risk of any osteoporotic fracture 

after age 60 was 44% for women and 25% in men (mortality adjusted and assuming a 

lifespan of 85 years). The corresponding estimates for hip and clinical vertebral fractures, 
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respectively, were 9% and 18% in women and 4% and 11% in men. The risk of 

osteoporotic fractures increased with each subsequent age decade, even in the oldest 

categories. In those aged 80 and older, the 5-year risk of fracture was 17% in women and 

11% in men.  

Consequences of Fractures 

The consequence of fractures, particularly hip and vertebral, can be devastating and may 

be most severe in the very elderly (11). Fractures are associated with substantial pain, 

reduced quality of life, mobility limitations, greater dependence in self-care, 

institutionalization, and mortality (11-14). Fractures contribute to significant excess costs 

and healthcare spending, with each incident hip fracture in Canada costing approximately 

$45,000 (15). Acute care costs related to osteoporotic fractures are estimated at $1.2 

billion and $3.9 billion when outpatient care, prescription drugs, indirect costs, and long-

term care are included (16). 

1.3 Osteoporosis and Fractures in LTC 

The elderly residing in LTC are particularly vulnerable to fractures due to a high 

prevalence of osteoporosis [approximately 50-80% (17, 18)] combined with an increased 

risk of falling (19). Hip fractures are one of the leading causes of hospitalization for LTC 

residents and occur at a higher rate than in the community (20). In an Ontario study (7), 

the hip fracture rate for LTC residents was approximately 2-4 times that of similarly aged 

community-dwelling individuals. The estimated incidence of hip fractures in LTC is 3-
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6%, with a prevalence of hip fracture up to 25% (21); an estimated 36% of female and 

54% of male residents die within one-year of hip fracture (22).  

Vertebral fractures are also common in LTC. Using a DXA vertebral fracture assessment 

technique, Rondondi et al. (18) estimated that one in three LTC residents had a prevalent 

vertebral fracture. This has important implications given that vertebral fractures are 

associated with chronic pain and substantial reductions in physical functioning [including 

bending- and walking-related activities (23)], self-care, mobility and ambulation (12). 

Furthermore, vertebral fractures are an important clinical marker of future fractures, 

particularly in the oldest old. In women age 85 years and older, the 5-year risk of hip 

fracture following a vertebral fracture was 24% (24). 

1.4 Osteoporosis Clinical Practice Guidelines 

In 2010, updated Osteoporosis Canada Clinical Practice guidelines (25) were published to 

address the paradigm shift that has occurred in the past decade; rather than focusing on 

the treatment of low bone mineral density (BMD), the current emphasis is on using risk-

based assessments that consider absolute risk of fracture (26, 27).  To guide treatment 

decisions, the 2010 Osteoporosis Canada guidelines utilize an integrated risk-based 

approach based on identifying a patient's 10-year absolute fracture risk. Two tools are 

recommended to assess 10-year fracture risk: the Canadian Association of Radiologists 

and Osteoporosis Canada (CAROC) tool (28) and the Fracture Risk Assessment tool 

(FRAX) of the WHO (26). The CAROC tool assesses fracture risk based on sex, age, 

BMD, prior fragility fracture, and glucocorticoid use. The FRAX tool uses clinical risk 
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factors for fracture with and without the use of femoral neck BMD. Clinical risk factors 

included body mass index, prior fracture, parental history of hip fracture, glucocorticoid 

uses, rheumatoid arthritis/secondary causes of osteoporosis, current smoking, and alcohol 

intake.  

Treatment Considerations 

Pharmacologic therapy is indicated for patients at 1) high absolute fracture risk (> 20% 

probability over 10 years) based on the risk tools and 2) individuals over age 50 with a 

hip or vertebral fracture or more than one fragility fracture. Individuals designated as 

moderate risk, should undergo careful clinical evaluation and also be considered for 

pharmacological treatment, particularly in the presence of additional risk factors such as 

falls and height loss. Supplementation with 800-1000 IU/day vitamin D is recommended 

for adults with moderate risk of vitamin D deficiency; higher intakes could be indicated 

for some individuals (e.g., 2000 IU/day). The optimal daily intake for elemental calcium 

is 1200 mg through diet and supplements.  

1.5 Challenges with Implementing Osteoporosis Guidelines in LTC 

Our team has previously examined barriers to evidence-based osteoporosis practices in 

LTC including surveys of family physicians (29, 30) and front-line staff. We also 

conducted a qualitative study, adjunct to the work described in this thesis, with 

interdisciplinary LTC teams including physicians, nurses, pharmacists, dieticians (31, 32). 

Similar work has been conducted in the United States by Colon Emeric and colleagues 

(33, 34). 
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As summarized in Table 1, a number of barriers emerged related to knowledge gaps and 

patient-related factors including confusion by practitioners in applying general practice 

guidelines to elderly residents. Although LTC physicians recognize the value of 

osteoporosis medications for high-risk residents (29, 30), there is still a great deal of 

uncertainty regarding: (1) the assessment of fracture risk e.g., BMD testing is difficult in 

LTC residents  (2) the practicality of utilizing risk assessment tools (46, 47) if required 

information is often missing (3) treatment benefits for LTC residents who have shortened 

life span and polypharmacy; and (4) knowing whom to treat, particularly residents at 

moderate fracture risk (30). Residents with multiple concurrent health problems (multiple 

comorbidity) provide additional challenges for practitioners trying to apply guidelines 

developed for patients without additional comorbidities (35). 

The utility of the FRAX and CAROC tools in the LTC cohort is questionable. The 

CAROC tool is based on BMD, which is not frequently utilized in the LTC setting. 

FRAX was designed for patients age 40-90, which excludes many LTC patients (36). 

Furthermore, Greenspan et al. (36) demonstrated that treatment would be recommended 

in 81-98% of residents if the FRAX tool were used, suggesting that alternative screening 

strategies may be required in this group.  

Other barriers are related to gaps in care processes. For example, osteoporosis and 

fracture prevention is not routinely made part of care-plans, and there is a lack of 

standardized osteoporosis and fracture information collected at admission and quarterly 

reviews (31, 33, 37). Some barriers are related to technology/structure, including 
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inaccessibility of required risk variables (e.g,, resident or parental fracture history), not 

having enough time to obtain required information and lack of a fracture risk tool 

designed for the LTC setting (31, 33, 34, 37). 

Adapting Practice Guidelines for LTC 

Given the difficulty in applying general practice guidelines within LTC, a Canadian 

Institutes of Health Research (CIHR) -funded consensus meeting (PI: Dr. Papaioannou) 

was held in 2013 with LTC stakeholders, osteoporosis and geriatrics leaders to adapt the 

2010 Osteoporosis Canada guidelines (25) for frail elderly or LTC residents. The 

guidelines will be published shortly and a dissemination plan will be implemented to 

educate LTC practitioners across Canada.  

1.6 General Barriers to Evidence-based Practice in LTC 

Despite a growing emphasis on quality improvement in LTC homes, in general the use of 

clinical practice guidelines within LTC homes is low (38, 39). Challenges associated with 

the uptake of evidence-based practices in the LTC setting include structural 

characteristics [e.g., high staff turnover, paperwork/regulatory demands, resource 

constraints, high proportion of non-professional staff, physicians often not located at the 

LTC home (38-40)] and practice-level challenges [i.e., polypharmacy and shortened life-

expectancy (33, 41)]. Workplace factors have also been postulated as barriers to 

knowledge use in LTC, including entrenched ways of learning and communicating (40), 

and the absence of a learning and research culture (40, 42, 43).  
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There is a lack of research on medical interventions conducted in the LTC setting (41), 

and the majority of practice guidelines do not adequately discuss issues related to elderly 

patients and often include procedures or recommendations that are not feasible (44, 45). 

Traditional medical practice and research focus on single disease models, which fails to 

account for the complexities of multiple comorbidity common in this cohort (35). Despite 

these numerous challenges, LTC homes may have good "learning capacity" and be able to 

implement practice changes, as they are small, less hierarchical than acute-care settings, 

and rely on collaborative decision making (40).  

2. OSTEOPOROSIS & FRACTURE CARE-GAP  

In non-LTC cohorts, the osteoporosis care-gap has been well documented (46-49). In 

LTC, a few studies have examined osteoporosis-related prescribing and reported that only 

9-25% of all residents (including those at highest risk) received osteoporosis therapy (50-

53). Fewer than 20% were prescribed calcium and vitamin D (54). In addition, poor 

documentation of fractures and osteoporosis in medical and pharmacy records has been 

noted as a wide-spread problem (37), which makes it difficult to identify those individuals 

who are at high-risk for future fractures (25).  

3. BRIDGING THE EVIDENCE-PRACTICE GAP 

3.1 Knowledge Translation & Implementation Science 

The CIHR formally define knowledge translation (KT) as "a dynamic and iterative 

process that includes synthesis, dissemination, exchange and ethically-sound application 
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of knowledge to improve the health of Canadians, provide more effective health services 

and products and strengthen the health care system (55)". Strauss and colleagues less 

formally define KT as "the methods for closing the gaps from knowledge to practice 

(56)”.  

For years it has been documented that even good quality evidence is not being used 

consistently in practice and that knowledge translation may prove to be an effective way 

to bridge this gap (57). In 1997, Grol challenged that "evidence-based medicine should be 

complemented by evidence-based implementation (58, 59)". Indeed, in the past 15 years, 

this has blossomed into an interdisciplinary research field termed implementation science: 

"research relevant to the scientific study of methods to promote the uptake of research 

findings into routine healthcare in clinical, organisational or policy contexts (60)." 

Implementation Research in Long-term Care 

Despite a growing body of KT evidence in acute care or community settings, 

implementation research in LTC is still in its early stages (40, 61, 62). In a 2012 scoping 

review (62), only 3.6% (n= 61) of all KT articles identified were related to older adults, 

and of these, half were done in the LTC setting. The majority of studies included only a 

single KT strategy (e.g., audit and feedback alone). Only 40% targeted mixed 

professional groups (i.e., medical, nursing, rehabilitation, pharmacy) despite the emphasis 

on collaboration among the disciplines practicing in LTC. A recent systematic review of 

interventions to improve interdisciplinary care in LTC (e.g., staff education, case 

conferences, care planning) confirmed a benefit for some patient outcomes with an 
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interdisciplinary approach. Given the paucity of implementation research in the LTC 

setting, it is imperative to examine the feasibility and effectiveness of KT interventions 

that utilize a combination of behaviour change strategies (multifaceted KT interventions) 

and that are targeted at interdisciplinary teams.   

3.2 Knowledge Translation to Improve Osteoporosis & Fracture Care 

3.2.1 Ontario Osteoporosis Strategy 

The Ontario Ministry of Health and Long-Term Care launched the Ontario Osteoporosis 

Strategy in February 2005 (63). The main goals of this initiative are to reduce hip and 

other osteoporotic fractures, and to reduce morbidity, mortality and costs from 

osteoporotic fractures. One of the secondary fracture prevention initiatives is the Fracture 

Clinic Screening Program, developed and operated by Osteoporosis Canada in 

partnership with the Ontario Orthopaedic Association and the Ontario College of Family 

Physicians (63, 64). Utilizing Osteoporosis Screening Coordinators located in 38 high 

volume fracture clinics across the province, this program facilitates diagnosis and 

appropriate care by identifying and assessing men and women who have had a fragility 

fracture. As of March 2013, over 40,000 patients with a fragility fracture (aged 50 and 

older) had met with an Osteoporosis Screening Coordinator to discuss bone health and 

fracture risk.  

Another core component of the Ontario Osteoporosis Strategy is public health KT 

including professional education and outreach (63, 65). These programs and activities 
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include: BoneFit- a comprehensive workshop on evidence-informed exercise training, 

Women's College Hospital Multidisciplinary Osteoporosis Telemedicine Program 

(consultations, treatment and education to remote communities), Continuing Medical 

Education events sponsored by Osteoporosis Canada, and the Ontario Osteoporosis 

Strategy for LTC (described below).  

A detailed logic model has been implemented to provide a framework for research and 

evaluation activities (63). The Osteoporosis Research, Monitoring and Evaluation Work 

Group is also in place to provide ongoing monitoring of a core set of performance 

indicators developed for the Ontario Osteoporosis Strategy using consensus methods 

(63).  

3.2.2 Ontario Osteoporosis Strategy for LTC 

Launched in 2007, the Ontario Osteoporosis Strategy for LTC is a provincial KT 

initiative dedicated to increasing the uptake of evidence-based osteoporosis/fracture 

prevention strategies in LTC homes (63, 66). The goals are to prevent unnecessary 

fractures from falls and handling during care, provide information about simple low cost 

care interventions, and reduce the pain and suffering from osteoporosis and fractures. One 

of the key activities has been the development and wide-scale dissemination of Fracture 

Prevention Tool-Kits which include practical, evidence-based materials tailored 

specifically to the LTC setting (e.g., posters, best practices check-lists, pocket cards, point 

of care tools). In addition, a 10-minute DVD was developed to be used as a resource for 
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staff training and education. Optional training webinars were developed to introduce LTC 

homes to the concepts and materials contained in the Tool-kits.  

In 2011, the Ontario Osteoporosis Strategy for LTC website 

[www.osteoporosislongtermcare.ca (66)] was launched and promoted in all LTC homes 

across Ontario. The website contains user-friendly information, tools and resources 

including PowerPoint modules and an online community of practice that enables 

individuals to collaborate, network, and share ideas and success stories.  

4. OUTLINE OF THE THESIS: OVERALL AIMS & RATIONALE  

The overall aim of this thesis was to consider the success of knowledge translation 

initiatives for improving the uptake of evidence-based osteoporosis and fracture 

prevention practices in LTC.  

Evaluation is an important part of determining whether a program is meetings its goals. In 

the context of public health, an impact evaluation assesses the extent to which program 

objectives are being met including whether changes in knowledge, attitudes, or behavior 

have occurred (67). Observational studies may represent a feasible or appropriate study 

alternative to evaluating public health interventions given the difficulty with 

implementing randomized controlled trials (RCTs) in this context (68). Thus, the first 

paper examined the impact of the Ontario Osteoporosis Strategy for LTC, by 

investigating osteoporosis-related prescribing trends before and after implementing this 

strategy (2007 versus 2012). Given that it has been demonstrated that LTC home 
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characteristics (e.g., size, ownership, chain affiliation) may influence quality of care 

outcomes, we also examined whether they played a role in prescribing outcomes observed 

in Ontario. 

In addition to provincial-wide KT initiatives, there was a perceived need for more 

intensive KT activities to improve the uptake of osteoporosis and fracture prevention best 

practices in LTC homes. Greater understanding about whether a more targeted KT model 

is feasible and effective could guide future widespread implementation across the 

province. Thus, we developed a multifaceted KT intervention that utilized professional 

behaviour change strategies that have been demonstrated as effective in other settings 

(i.e., audit and feed-back, educational meetings, continuous quality improvement). In 

order to rigorously evaluate this intervention, a pilot, cluster randomized trial was 

implemented in 40 Ontario LTC homes. The second paper describes the study protocol 

for this trial, the Vitamin D and Osteoporosis Study (ViDOS). The third paper presents 

the main clinical results of the ViDOS trial and the fourth paper presents the feasibility of 

implementing this type of intervention using a cluster randomized trial methodology.  

Given the paucity of KT research in LTC, we aimed to contribute to the field of 

implementation science by examining whether professional behaviour strategies, with 

proven benefits in community or acute care settings, are transferable to the LTC sector. 
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5. METHODOLOGICAL CONSIDERATIONS 

There were many methodological considerations to take into account in designing the 

thesis studies. Below we provide an overview of some of these issues, in addition to 

providing a more complete description of why we chose our primary trial outcome 

(Vitamin D), a description of the primary data source for both studies (Medical 

Pharmacies Group Limited), and the target professional audience for whom the KT 

interventions were directed (Professional Advisory Committees in LTC homes).  

5.1 Primary Outcome: Vitamin D 

We chose vitamin D as the primary outcome as it is inexpensive, safe, well-tolerated and 

has high-quality evidence for falls and fracture reduction in LTC residents. Meta-analyses 

demonstrate that vitamin D reduces falls (69), and calcium and vitamin D reduce fractures 

in LTC residents (70). In a CIHR Knowledge Translation Research Synthesis grant on 

strategies for hip fracture prevention in older LTC residents, vitamin D supplementation 

was the intervention with the strongest evidence (71). Despite the indication for 

widespread use in LTC residents, previous studies in Ontario indicate sub-optimal 

prescribing (50).  Appropriate vitamin D was considered a dosage ≥800 IU/day, which 

reflects current practice guidelines and the strong evidence that suggests this is the 

minimum dose consistently associated with prevention of fractures (25, 72). 

5.2 Primary Data Source: Medical Pharmacies Group Limited 

For both thesis projects, our primary data were downloaded from a central pharmacy 

database at Medical Pharmacies Group Limited (73). This large pharmacy provider 
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delivers medication and consulting services to over 40,000 LTC residents residing in 

approximately one-third of all Ontario LTC homes. De-identified clinical data including 

demographic, prescribing, and co-morbidities were download by the Director of Systems 

Services at Medical Pharmacies. Prescribing data represented all medications dispensed 

to all residents residing in LTC homes we included in the thesis studies. Algorithms were 

created to calculate the total dosage of vitamin D and calcium supplements based on all 

daily/weekly/monthly preparations, including multivitamin and medications (e.g., 

alendronate with vitamin D). Algorithms were also created to detect an osteoporosis 

medication prescription.   

Co-morbidity data were derived from a database that contained diagnoses appearing on 

the Medication Administration Record (MAR; i.e., legal record of the drugs administered 

to the resident). Initially, the list of a resident's diagnoses are derived from an admission 

sheet containing medical history provided to the pharmacy by nursing staff. Further 

updates to the list may have occurred following admission when diagnoses were included 

on physician orders or quarterly medication reviews.  

5.3 Target Audience: Professional Advisory Committee 

The KT interventions were targeted at the team of professionals providing care to LTC 

residents.  In the ViDOS study, in order to enhance participation we conducted the 

educational meetings in conjunction with Professional Advisory Committee (PAC) 

meetings that occur quarterly to address resident care and quality improvement 

objectives. The PAC team typically consists of the Administrator (responsible for the 
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overall operation of a Long Term Care home), Medical Director (physician who oversees 

medical care and services), Director of Care (registered nurse who supervises the care of 

all residents), Consultant Pharmacist (specialist pharmacist who advises on medication 

regimens), Director of Food Services/Dietician, and other nursing, medical or 

rehabilitation staff. In addition to PAC team members, all physicians responsible for the 

care of residents within the LTC home were invited to participate and were eligible for 

continuing medical education credits with the Ontario College of Family Physicians. 

5.4 Importance of Pilot Studies  

Pilot trials are designed to assess a number of feasibility objectives prior to conducting a 

larger trial (74).  Particularly in situations where there is little previous data to inform the 

process, they are considered essential pre-requisites that will enhance success of a future, 

wide-scale trial. In the design of a pilot study, it is important to specify explicit criteria for 

determining the success of feasibility objectives. Since there were many unknowns in 

conducting this type of KT intervention in the Canadian LTC setting, it was important to 

include a number of explicit feasibility outcomes including recruitment, retention, and 

fidelity with intervention.  However, given the considerable resources required to 

implement such a trial, in addition to examining feasibility outcomes, we appropriately 

powered the study to assess the statistical significance of prescribing our clinical primary 

outcome (appropriate prescribing of vitamin D). 
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5.5 Clustering Effect of Data 

In the thesis studies, the KT interventions were targeted at teams of health professionals 

practicing within LTC homes. Thus, patient data were clustered within LTC homes, 

which means that residents within the same LTC home may be more similar to each other 

than residents in other LTC homes. The statistical measure of this similarity within 

clusters is the intracluster correlation coefficient (ICC), which is expressed as the ratio of 

the between-cluster variance to the total variance (total variance=between-cluster plus 

within-cluster) (75). The ICC takes a value between 0 and 1; a high ICC indicates a lot of 

similarity in response within clusters and conversely a low ICC means that individuals 

within clusters are effectively responding independently of one another.  The 

consequence of increased similarity within clusters, is a loss in statistical power (i.e., 

larger number of patients will be required than in an individual patient RCT). 

It is imperative to take the clustering effect into account in the statistical analysis, as 

failing to do so may result in overestimated statistical significance and overly narrow 

confidence intervals (75). In patient-level analyses, we adjusted for the clustering effect 

using the Generalized Estimating Equations (GEE) technique (76). In cluster-level 

analyses, 95% confidence intervals were adjusted using the method by Donner and Klar 

(77). 

5.6 Influence of LTC Home Characteristics 

In a recent survey of Directors of Care (n=392), Berta et al. (78) examined the impact of 

organizational factors on utilization and implementation of care protocols including: 
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rural/urban location, LTC home size, chain membership, and type of ownership (for-

profit, non-profit, government-operated). Results indicated there was no significant 

difference in care protocol usage, however the approach to implementing care protocols 

differed in relation to ownership and size. For example, in for-profit and government-

operated homes, the belief in continuous improvement for resident care was higher, larger 

(compared with medium or smaller) LTC had more autocratic decision-making, and for-

profit homes used more external sources of training and education.  

The relationship between type of ownership (i.e., for-profit versus non-profit) has 

received considerable study in relation to quality of care outcomes. In general, non-profit 

LTC homes have been associated with higher quality of care (79), although multi-facility 

chains may have greater resources to facilitate implementation of clinical practice 

guidelines (80). It has been suggested that smaller LTC homes may be less innovative or 

able to adopt operational changes, although Berta et al. (81) found that  Directors of Care 

perceived smaller LTC homes as being easier to manage administratively and more 

conducive to caregiving relationships that included emotional care and support. Larger 

facilities may benefit from efficiencies of scale, however they were perceived as being 

more difficult to manage and focused on operational efficiency. In the United States, 

smaller facilities have also been shown to have higher scores on quality indicators of 

resident care (82). 

The first paper examined the influence of organizational characteristic on osteoporosis-

related prescribing in LTC homes across Ontario including facility size (small: < 100; 
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medium: 100-199; large: ≥200 beds), profit status (for-profit, municipal/government, non-

profit), chain affiliation (chain/non-chain), and community population size (where the 

LTC home was located).  We also included the potential impact of organizational 

characteristics in the design of the ViDOS trial by stratifying homes based on home size 

(<250 versus ≥250 beds) and ownership (for-profit/non-profit). Furthermore, LTC homes 

from across Ontario, in communities of various population sizes and geographical 

locations (including rural and northern) were included. 

5.7 Capturing Falls, Fractures and Osteoporosis Diagnoses in LTC 

In the ViDOS trial, one of our secondary objectives was to collect incident falls and 

fracture data as part of our feasibility and safety data; however, the study was not 

powered to compare to outcomes between study groups. Our rationale to include falls and 

fractures as a feasibility measure (i.e., rather than an outcome measure) was due to the 

anticipated number of problems with collecting falls and fractures data in LTC homes. 

Given resource constraints, it was not possible to have a trained research assistant collect 

the information; instead we asked each LTC home to records falls and fracture 

information.  

Others have noted the difficulty in collecting falls and fractures in LTC. In a 2005 Health 

Canada report (83), the investigators of a Canadian falls prevention collaborative outlined 

several problems with the reporting system for collecting falls and resultant injuries in 

LTC homes. None of the primary data sources, including medical records, critical 

incident reports, and RAI-MDS 2.0 (84), function well to collect falls prevalence or 
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incidence data. Even though RAI-MDS 2.0 is a standardized system, data provided is 

only the number of fallers within a given time period (reports are generated for the past 

30 or past 31-180 days). Although it is possible to determine whether a hip or "other" 

fracture occurred within the given reporting period, more detailed information, including 

the date of fracture, is not available. There may also be gaps between reporting periods. 

Despite these limitations, utilizing RAI-MDS 2.0 reports as a standardized method to 

collect some data would have been an option for our study, however it was not possible 

for us to incorporate this in our design as many Ontario LTC homes had not yet 

implemented RAI-MDS when we began the study in 2009. During the study, we 

confirmed that the LTC homes used different approaches to fill in the datasheets we 

provided (e.g., internal falls monitoring systems, electronic medical record reports, and 

critical incident forms), and that obtaining the information often required auditing 

medical charts. Although explicit instructions were given regarding completing the 

standardized excel sheet, a noted limitation is that the accuracy of the data was dependent 

on the LTC staff members and the sources they checked. 

High-Risk Residents: Prevalent Fracture or Osteoporosis Diagnosis 

To ascertain high-risk residents (i.e., documented diagnosis of osteoporosis or prevalent 

fracture), we examined diagnosis data from the Medical Pharmacies database. This data 

source is limited in that there is potential for errors of omission. Diagnoses added to this 

database are based on admission health assessments and new diagnostic information is 

not frequently updated. However, when we compared our baseline estimates for hip 
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fractures and osteoporosis diagnosis, they were reasonably similar to rates reported in a 

provincial report that utilized 2008/09 RAI-MDS 2.0 data (6). They reported rates of 25% 

and 7.9% for osteoporosis and hip fractures, respectively, and we reported rates of 

approximately 28% and 6% in the ViDOS trial.  In general, prior fractures or osteoporosis 

diagnosis (prior to entering the facility) may be undiagnosed as they are not always 

documented among residents' charts. This would be a limitation of RAI-MDS data as 

well. 

6. OVERVIEW OF FOUR THESIS PAPERS 

This thesis consists of four distinct manuscripts involving the evaluation of knowledge 

translation initiatives for improving the uptake of osteoporosis and fracture-prevention 

best practices in Ontario LTC homes. 

The first paper, "Osteoporosis Prescribing in Ontario Long-term Care Homes: Have 

Practices Changed Five Years After Implementing a Provincial Knowledge Translation 

Strategy?", is an observational study that examined prescribing trends before and after 

implementing the Ontario Osteoporosis Strategy for LTC.  In this study, we also 

examined the influence of LTC home characteristics (i.e., home size, profit status, chain 

affiliation, number of prescribing physicians per home, population size of the community) 

on prescribing rates. In December 2013, it was conditionally accepted (pending minor 

suggested revisions) in the Canadian Journal on Aging. 
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The second paper, "An Interdisciplinary Knowledge Translation Intervention in Long-

term Care: Study Protocol for the Vitamin D and Osteoporosis Study (ViDOS) Pilot 

Cluster Randomized Controlled Trial", provides a comprehensive overview of the 

intervention, methods, and analytic strategy for the ViDOS trial. It was published in 2012 

as a study protocol in the journal Implementation Science. 

The third paper, "A Successful Knowledge Translation Intervention in Long-term Care: 

Final Results from the Vitamin D and Osteoporosis Study (ViDOS) Pilot Cluster 

Randomized Controlled Trial", presents the final clinical results for this trial. There is 

some overlap in the introduction and methods with the second paper that was necessary in 

order to stand alone as a publication. It has been submitted for publication as Original 

Research to the Journal of the American Geriatrics Society (JAGS). 

The fourth paper, "Implementing a Knowledge Translation Intervention in Long-term 

Care: Feasibility Results from the Vitamin D and Osteoporosis Study (ViDOS)", presents 

the trial feasibility results and additional information on process change that occurred 

after the study. It has been submitted for publication as a Brief Report to the Journal of 

the American Medical Directors Association. 
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Table 1. Summary of Barriers to Evidence-Based Osteoporosis and Fracture Care  

Structure Practice Guidelines – not feasible/applicable for LTC residents 

Information for risk assessment tools not easily accessed 

Staff turn-over 

Competing demands/time constraints 

Physicians infrequently on-site 

Staff mix: less skilled than other sectors 

Process Osteoporosis & fracture history/risk: not assessed at admission/quarterly 

Diagnoses/risk variables not being capture electronically 

Osteoporosis/fracture prevention not being incorporated into formal 

care-plans 

Patient-level BMD is impractical 

Co-morbidities/complex patients 

Poly-pharmacy common 

Decreased life-span 

Side-effects of medications/calcium  

Confusion regarding whom to treat (particularly moderate risk) 
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Practitioner-

level 

Uncertainty about risk-based assessment/decision  

Question whether treatment is worth it in elderly individual 

Poor compliance with proper administration of bisphosphonates 

Staff have limited knowledge regarding Osteoporosis & fracture 

assessment/treatment  
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CHAPTER 2:  

 

Thesis Paper 1: Osteoporosis Prescribing in Ontario Long-term Care 

Homes: Have Practices Changed Five Years after Implementing a Provincial 

Knowledge Translation Strategy?
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PREFACE TO CHAPTER 2 

This chapter describes an observational study examining prescribing trends before and 

after the implementation of a provincial strategy aimed at improving osteoporosis and 

fracture prevention in Ontario Long-term Care (LTC) homes. This work was conducted in 

2012-2013. 

This work was conditionally accepted (pending minor suggested revisions) in December 

2013 to the Canadian Journal on Aging. Upon final acceptance, a request will be made to 

the publisher of the journal to obtain permission to include copyright material. 

The student contribution to this work (paper 1) included: conceiving the evaluation study; 

working with the pharmacy provider to obtain data downloads; overseeing the data 

validation process; data preparation and cleaning; data analysis and interpretation; and 

drafting the manuscripts. The co-authors were involved as follows: Dr. Ioannidis 

participated in the data validation process, provided assistance with data analysis, and 

provided critical review of the manuscript. Dr. Thabane advised on statistical analysis and 

interpretation and provided critical review of the manuscript. Dr. Adachi, Dr. 

Giangregorio and Ms. Pickard participated in data interpretation and provided critical 

review of the manuscripts. Mr. O’Donnell performed the data downloads from the 

pharmacy database, performed validation checks, and provided critical review of the 

manuscript. Dr. Papaioannou was involved in the conception of the study, provided 

funding support, participated in data interpretation, and provided critical review of the 

manuscripts.
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ABSTRACT 

Purpose: The purpose of this study was to describe prescribing trends before and after 

implementing a provincial strategy aimed at improving osteoporosis and fracture 

prevention in Ontario long-term care (LTC) homes (www.osteoporosislongtermcare.ca).  

Methods: Data were obtained from a pharmacy provider for 10 LTC homes in 2007 and 

166 homes in 2012. We used weighted, multiple linear regression analyses to examine 

facility-level changes in vitamin D, calcium and osteoporosis medication prescribing 

between 2007 and 2012. 

Results: After five years, the estimated increase in vitamin D, calcium and osteoporosis 

medication prescribing rates, respectively, was 38.2% (95% confidence interval [CI]: 

29.0, 47.3; p<0.001), 4.0% (95% CI: -3.9, 12.0; p=0.318), and 0.2% (95% CI: -3.3, 3.7; 

p=0.91).  

Conclusions: Although causality cannot be assessed in this study, our findings suggest 

that wide-scale knowledge translation activities were successful in improving vitamin D 

prescribing within Ontario LTC, although ongoing efforts are needed to target homes 

with low uptake.  
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 INTRODUCTION 

An estimated 60-80% of Long-term Care (LTC) residents have osteoporosis (1, 2) and in 

Canada it is estimated that the fracture rate for LTC residents is approximately 2-4 times 

that of similarly aged community-dwelling residents (3). Combined with age-related 

losses in bone quantity and quality (4), the high prevalence of sarcopenia (5), frailty (6), 

and falls (7) in LTC residents may synergistically increase susceptibility for fractures (8-

11). Furthermore, many LTC residents have sub-optimal vitamin D levels (12, 13), which 

is associated with lower bone mineral density (14-16), decreased lower extremity function 

(17, 18), falls (13, 18) and fractures (19-22). In a Canadian LTC study (12), 54% of all 

residents and 69% of residents taking ≤400 IU/day had sub-optimal levels [25-

hydroxyvitamin D (25(OH)D) <75 nmol/L] for bone health (14). 

In 2005, the Ontario Ministry of Health and LTC launched the Ontario Osteoporosis 

Strategy (23, 24). This ongoing, population-based, strategic action plan is targeted at 

improving osteoporosis prevention and care across all residents in Ontario, with the 

overall goal of reducing morbidity, mortality, and costs from osteoporosis-related 

fractures. Its five main objectives are: health promotion; access and appropriate utilization 

for bone mineral density testing; targeted post-fracture care including improved 

assessment and treatment for osteoporosis; professional education; and research and 

evaluation (23, 24). To accomplish and implement these objectives, several initiatives are 

targeted at distinct populations. In 2007, a LTC-focused component of this provincial 
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strategy was added (the remainder of the paper is focused on that component, the Ontario 

Osteoporosis Strategy for LTC). 

The Ontario Osteoporosis Strategy for LTC has undertaken a province-wide program of 

outreach activities to increase awareness about fracture prevention specifically in LTC, 

with a focus on the importance of appropriate vitamin D and calcium intake, and falls 

prevention. To date, knowledge translation activities have included: environmental scans, 

systematic reviews, barrier analysis, creating & disseminating a 10-minute educational 

video and Fracture Prevention Toolkits, launching a web-site 

(www.osteoporosislongtermcare.ca), and educational outreach (12, 25-31). 

Osteoporosis and fracture prevention in LTC is multi-faceted and includes falls 

prevention activities, risk assessments, ensuring adequate intake of calcium and vitamin 

D, and balance and strengthening exercises (32, 33). For residents at highest risk of 

fractures, hip protectors and osteoporosis medications are options that should be 

considered (25, 32). Pharmacologic therapy is indicated for patients at 1) high absolute 

fracture risk (> 20% probability over 10 years) based on risk tools (34, 35) and 2) 

individuals over age 50 with a hip or vertebral fracture or more than one fragility fracture 

(32). Several studies in Ontario (12, 36) and other regions (37-42) have demonstrated that 

the management of osteoporosis and fractures is sub-optimal in LTC residents.  

In 2007, at the outset of the Ontario Osteoporosis Strategy for LTC, we conducted an 

environmental scan to examine the prescribing of vitamin D, calcium and osteoporosis 
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medications in a convenience sample of ten Ontario LTC homes.  In 2012, we had access 

to prescribing records and facility characteristics for a large, unselected cohort of Ontario 

LTC homes (n=166).  Thus, the primary purpose of this analysis was to describe and 

compare vitamin D, calcium, and osteoporosis medication prescribing rates before and 

after implementing the Ontario Osteoporosis Strategy for LTC. A secondary objective 

was to examine the association between resident/facility characteristics and prescribing 

rates.  Although we cannot infer any causal associations in this descriptive study, our 

analysis of prescribing trends and correlates will highlight the impact of wide-scale 

outreach activities and provide guidance regarding the direction of future knowledge 

translation efforts. 
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METHODS 

Setting 

In Ontario, all LTC homes are licensed or approved by the provincial health ministry. 

Termed "nursing homes" or "aged care homes" in other jurisdictions, these facilities 

provide assistance with activities of daily living and access to 24-hour nursing care (43). 

Study Cohorts 

Data for both cohort years (2007 and 2012) were obtained from Medical Pharmacies, a 

large pharmacy provider who provides medications, clinical support, and consulting 

services to approximately one-third of all LTC homes in Ontario (> 40,000 residents). As 

outlined in Figure 1, in August 2007, de-identified medication and demographic data 

were downloaded from a sample of 10 LTC homes from across Ontario. The homes were 

quasi-randomly selected by the pharmacy database manager (i.e., no formal 

randomization technique was employed, but the manager selected a convenience sample 

of homes to ensure geographical coverage across the province). In August 2012, data 

were downloaded for all Ontario LTC homes serviced by Medical Pharmacies (n=206), 

excluding 40 homes who participated in the Vitamin D and Osteoporosis Study (ViDOS). 

Briefly, ViDOS was a pilot, cluster randomized trial examining the feasibility and 

effectiveness of a more intensive, multifaceted, knowledge translation intervention 

targeting fracture prevention in LTC (30). Professional Advisory Committees (physicians, 

nurses, pharmacists, and other staff) at intervention homes participated in three small-
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group, interactive educational meetings over 12-months. Content at the sessions, which 

were facilitated by an expert opinion leader, included a standardized presentation, 

question and answer session, action planning for quality improvement, and audit and 

feedback review. Control homes received the same knowledge translation as all other 

LTC homes in Ontario (described below). 

Knowledge Translation Activities 

Targeting LTC healthcare professionals (including medical, nursing, pharmacy, 

rehabilitation, dietary), the Ontario Osteoporosis Strategy for LTC has implemented 

several key knowledge translation activities including educational meetings, educational 

outreach, and development and dissemination of educational materials.  

Physicians and nurse consultants with expertise in osteoporosis and geriatrics provide 

ongoing continuous medical education including presentations at annual conferences 

[Ontario Long Term Care Physicians, Registered Nurses Association of Ontario (RNAO)] 

and LTC forums; materials and practice tools are distributed at exhibitor booths.  

Partnerships with these professional organizations and other stakeholder groups (e.g., 

Ontario College of Family Physicians, Residents and Family Councils, Ontario Long 

Term Care Association, Ontario Association of Non-Profit Homes & Services for 

Seniors, corporate multi-facility chains, provincial falls prevention strategy) have resulted 

in opportunities to engage LTC professionals, corporate leaders, and policy makers. For 

example, representatives from these organizations serve on the Ontario Osteoporosis 
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Strategy for LTC’s advisory council and have facilitated surveys regarding awareness and 

information needs among their members.     

The development and dissemination of educational materials has been another key 

component of the Ontario Osteoporosis Strategy for LTC. Fracture Prevention Toolkits 

were developed and delivered to all LTC homes in the province. The Toolkits provide 

practical, evidence-based materials tailored specifically to the LTC setting including: 

posters, best practices check-lists, pocket cards, and point of care tools. In addition, a 10-

minute DVD (Meeting the Challenge of Osteoporosis and Fracture Prevention) was 

developed as a resource for staff training and education. Optional training webinars were 

developed to introduce LTC homes to the concepts and materials contained in the 

Toolkits. In 2011, the Ontario Osteoporosis Strategy for LTC website 

(www.osteoporosislongtermcare.ca) was launched and promoted in all LTC homes across 

Ontario. In addition to providing information and resources (e.g., PowerPoint modules), 

registered users receive e-newsletters and have access to an online community of practice 

that encourages the sharing of ideas and best practices. 

Targeted educational outreach is also delivered by 13 Osteoporosis Canada area managers 

who are responsible for implementing and integrating all Ontario Osteoporosis Strategy 

(including non-LTC) projects, building relationships, and disseminating information in 

the community and institutions (23). Within LTC, these area managers deliver in-services 

to front-line staff and families and encourage the implementation of Toolkits and best 

practices for fracture prevention. 
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Data Sources and Outcomes  

Data were downloaded from a central pharmacy database that contained all residents' 

medication/supplement orders. In 2007, we included the bisphosphonates etidronate, 

alendronate, and risedronate as osteoporosis medications. In 2012, we added more 

recently approved medications [i.e., zoledronic acid (November 2007), teriparidide 

(February 2010), denosumab (August 2010)]. We calculated the total quantity of vitamin 

D (IU) and calcium (mg) consumed daily, which included multi-vitamins/minerals, and 

medications containing calcium and vitamin D.  Daily values were derived from weekly 

and monthly formulations. In 2012, validation checks were performed, comparing our 

program with a method that included manual identification of medications by 

pharmacists; discrepancies were reviewed until matching results were obtained.  

A binary outcome was created for prescription of any osteoporosis medication. Based on 

daily intakes, we created binary outcomes for vitamin D ≥800 IU/day and calcium ≥500 

mg/day. These were chosen to be consistent with 2010 Osteoporosis Canada clinical 

practice guidelines (32) which recommend vitamin D supplementation ≥800 IU/day for 

adults over age 50, and 1200 mg/day of elemental calcium from both diet and 

supplementation. Typically, supplementation with 500 mg/day of calcium would be 

required to meet daily targets, as dietary intake of calcium among Canadian LTC 

residents has been estimated to be far below the recommended amount. In one small 

Canadian study (44), mean dietary intake was 600 mg/day (SD=261) for women and 780 

mg/day (SD=268) for men in LTC.  
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Facility characteristics such as number of beds, profit status, geographical location, and 

chain affiliation were collected from publically available information on the Health 

Ministry web-site.  

Analyses 

Descriptive statistics [means, standard deviations (SD), counts (%), ranges (min, max) 

and quartiles (Q1, Q3; i.e., middle 50%)] were tabulated as appropriate. Only facility-

level demographic characteristics (mean age, percentage female, and number of resident 

beds) were available for the 2007 cohort; additional characteristics including profit status, 

chain affiliation, and mean number of doctors per facility are reported for 2012. 

Differences in demographic characteristics between cohort years were examined using the 

general linear model (GLM) procedure.  

Facility-level prescribing rates were calculated as point prevalence estimates: the 

numerator was all residents with the relevant medication/supplement order on the day of 

the data download, and the denominator was all current residents on that day. Box-plots 

were constructed to describe the distribution of prescribing rates across LTC homes. The 

average change in facility-level prescribing rates between cohort years (2012 compared to 

2007) was determined using weighted multiple linear regression analyses, adjusted for 

age, sex, and home size. This technique accounts for differences in precision, which is a 

function of the sample size and the estimate itself. Each facility-level prescribing rate was 

assigned a weight equal to the reciprocal of its variance.  
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Correlates of prescribing were examined only for the 2012 cohort, as additional resident 

and facility-level data were available. The generalized estimating equations technique 

(45), assuming an exchangeable correlation structure, was used to examine the 

relationship between resident/facility characteristics and prescribing rates.  Facility-level 

variables included:  home size (small: < 100; medium: 100-199: large ≥ 200 beds), profit 

status (for-profit, municipal/government, non-profit), chain affiliation (chain/non-chain), 

number of prescribing physicians per home, and the population size of the community in 

which the home was located in. Resident variables included age and sex. The LTC home 

was the clustered variable in all analyses. The results are reported as odds ratios [OR's] 

and 95% CI's.  

All analyses were conducted separately for vitamin D, calcium, and osteoporosis 

medications using SAS version 9.1 and SPSS v. 20. The criterion for statistical 

significance was alpha=0.05. Ethics approval was received from the Hamilton Health 

Sciences/McMaster University Faculty of Health Sciences Research Ethics Board. 
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RESULTS 

The 2007 cohort was n=2098 residents living in 10 LTC homes, and the 2012 cohort was 

n=21,699 residents living in 166 LTC homes (Figure 1). Facility characteristics are 

displayed in Table 1. The mean facility size (i.e., number of beds) was greater for the 

2007 versus 2012 cohort (p<0.05).  The percentage of all residents taking vitamin D 

(≥800 IU/day), calcium (≥500 mg/day), and osteoporosis medication, respectively, was 

31.3% (34.9% of women; 25.8% of men), 26.2% (31.1% of women; 16.8% of men), and 

17.2% (21.6% of women; 8.8% of men) in 2007, and 59.4% (63.2% of women; 50.4% of 

men), 33.0% (37.5% of women; 22.3% of men), and 18.1% (22.2% of women; 8.3% of 

men) in 2012. 

Change in Facility Prescribing Rates: 2007 to 2012 

Table 2 presents the weighted, mean facility-level prescribing rates for 2007 and 2012, 

and the estimated change between cohort years. Between 2007 and 2012, prescribing 

rates increased by 38.2% (95% CI: 29.0, 47.3; p<0.001)] for vitamin D and by 4.0% (95% 

CI: =-3.9, 12.0; p=0.318)] for calcium, but the latter was not significant. There was no 

significant difference in osteoporosis medication prescribing rates between cohort years 

(0.2%, 95% CI: -3.3, 3.7; p=0.91).  

Distribution of Prescribing across LTC homes 

Figure 2a illustrates the spread in vitamin D (≥800 IU/day) prescribing rates across LTC 

homes, ranging from 7 - 55% in 2007 and 23 -95% in 2012. The prescribing rates of 
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vitamin D for the middle 50% of homes (i.e., Q1, Q3) were 24 - 47% in 2007 and 48 to 

73% in 2012.  

Figure 2b shows the spread in calcium (≥500 mg/day) prescribing rates across LTC 

homes, ranging from 14 - 43% in 2007 and 2 - 78% in 2012.  The calcium prescribing 

rates for the middle 50% of homes were 22 to 32% in 2007 and 22 to 40% in 2012. 

As displayed in Figure 2c, compared with the supplements, there appeared to be less 

dispersion in prescribing rates for osteoporosis medications across LTC homes and the 

distributions were similar for both cohort years. Osteoporosis medication prescribing 

across LTC homes ranged from 7 - 31% in 2007 and 0 - 53% in 2012. Prescribing rates 

for the middle 50% of homes were 10 to 23% in 2007 and 13 to 23% in 2012. 

In 2012, we also examined the various types of osteoporosis medications prescribed. The 

percentage of all residents who received an osteoporosis medication, by sub-type was 

17.2% bisphosphonate and 0.9% denosumab. 

Correlates of Prescribing (2012)  

We examined several facility-level (home size, profit status, chain affiliation, number of 

prescribing physicians, community population size) and resident variables (age and sex) 

in relation to prescribing rates. As displayed in Table 3, increasing age, number of 

physicians, and community size were positively associated with prescribing. Males were 

less likely to be prescribed osteoporosis supplements/medications. There were no 
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significant associations between prescribing and chain status, profit status, or LTC home 

size. 
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DISCUSSION 

This study examined prescribing patterns before and after the initiation of a provincial 

knowledge translation strategy focused on improving fracture prevention within Ontario 

LTC homes (www.osteoporosislongtermcare.ca).  Although we cannot assess causality, 

our results suggest some improvement in evidence-based prescribing practices during the 

study period. 

There was increased uptake of the recommendation to prescribe appropriate amounts of 

vitamin D (i.e., ≥800 IU/day). Between 2007 and 2012, the estimated increase in vitamin 

D prescribing was nearly 40% and by 2012 the upper quartile of LTC homes was 

prescribing vitamin D (≥800 IU/day) to 73-95% of residents (Figure 2a). Despite the 

substantial increase in overall vitamin D prescribing, the considerable spread in 

prescribing between homes suggests ongoing knowledge translation efforts are needed to 

target homes with low rates and that home-specific barriers should be addressed.  

We observed a 4% non-significant increase in calcium prescribing between 2007 and 

2012; there appeared to be greater dispersion in facility prescribing rates for 2012 (Figure 

2b). We hypothesize that this spread may reflect some of the uncertainty about the risks 

and benefits of calcium in light of publications reporting an increased risk of 

cardiovascular events associated with calcium supplementation (46). Furthermore, in the 

2010 Osteoporosis Canada clinical practice guidelines (32), there is greater emphasis on 

obtaining calcium thru dietary rather than supplements. Few studies have reported on 
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dietary calcium intake in LTC residents, however one small Canadian study suggests that 

500 mg supplementation would be required for most LTC residents to meet the daily 

calcium target (44). 

Despite the availability of newly approved medications, prescribing of osteoporosis 

medications did not appear to increase between 2007 and 2012. In both cohort years, 

three quarters of LTC homes had prescribing rates <23% and with the exception of 

outliers, all homes had prescribing rates <34% (Figure 2c). We are not able to comment 

on the appropriateness of the prescribing rates, since we did not have access to 

information regarding the risk status of residents (i.e., documented osteoporosis or 

fractures). We do know from our recent surveys that many LTC physicians recognize the 

value of osteoporosis medications for high risk residents (27, 47), but there is still a great 

deal of uncertainty regarding: 1) the assessment of fracture risk e.g., BMD testing is 

difficult in LTC residents (30, 31, 47) and application of existent tools (35, 48) may be 

impractical; 2) treatment benefits for LTC residents; and 3) knowing whom to treat, 

particularly residents at moderate fracture risk (47). To address these practice-level 

barriers for managing osteoporosis and fractures in LTC, in early 2013 the Ontario 

Osteoporosis Strategy for LTC held a Canadian Institutes of Health Research (CIHR) 

consensus conference to adapt the 2010 Osteoporosis Canada clinical practice guidelines 

for frail elderly and LTC residents. Future knowledge translation efforts will be aimed at 

disseminating these guidelines to LTC practitioners. 
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Comparison with Other Studies 

The 2007 prescribing rates in our study were similar or higher than other studies 

conducted prior to this time. In these studies only 6-25% of residents, many of whom 

were selected based on high-risk status, received an osteoporosis medication (38-40, 42, 

49). Several studies did not examine vitamin D and calcium use, as they utilized 

reimbursement databases and supplements are not adequately captured. In a Canadian 

study based on 2005/2006 Resident Assessment Instrument - Minimum Data Set 2.0 data 

(RAI-MDS 2.0; n= 17 LTC homes in Ontario and Manitoba), approximately 27%  of 

high-risk residents (i.e., documented osteoporosis or fracture) were prescribed any 

calcium and vitamin D, with 6.5% and 3.6% prescribed calcium or vitamin D, 

respectively, and 19% prescribed a multivitamin (36). In American studies, Kamel et al. 

(41) reported <12% of all residents received any calcium or vitamin D supplementation 

and Gupta et al. (50) reported that 57% of female residents received calcium and 32% 

vitamin D, but this included low dose supplementation (e.g., vitamin D 200 IU/day).   

There were limited studies with which to compare our 2012 results. Of the few available, 

our prescribing rates were similar for calcium and substantially higher for vitamin D.  In 

Canadian studies (2009-2010 data), 25% to 45% were taking calcium supplementation 

and <35% were taking vitamin D ≥800IU/day (12, 51).  Similarly, in a recent American 

study based in an academic-affiliated LTC centre, 35% of residents received vitamin D 

≥800IU/day prior to a quality improvement intervention (52). 
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Prescribing Correlates and Variation between Homes (2012) 

In multivariable analyses, both female gender and increasing age were associated with 

prescription of vitamin D, calcium and osteoporosis medications. The association with 

gender is similar to other studies (42, 49), but the association with age is in contrast to 

another study which found a reverse association with age in LTC residents with fractures 

(49). When we examined facility-level variables, increasing number of physicians/home 

was associated with greater prescribing of vitamin D and calcium.  Although we are not 

entirely sure why this relationship existed, we know that some LTC homes in Ontario 

adopt standardized policies such as admission orders for vitamin D and calcium (31). 

Although we were unable to examine the use of standard policies in this study, it is 

possible that homes with several physicians may have a greater need to employ 

standardized care policies such as standard orders for vitamin D and calcium. It is also 

possible that homes with a higher number of physicians have a greater chance of having 

at least one advocate for implementing osteoporosis best practices. There was only a 

small association between increasing community size and calcium and osteoporosis 

prescribing (e.g., approximate 6% increase in odds for a community of 1,000,000 versus 

100,000). Chain status, profit status, and LTC home size were not significantly related to 

prescribing rates, which was similar to other studies examining osteoporosis management 

(42, 49). 

We observed considerable spread in prescribing rates between homes, particularly for 

vitamin D and calcium.  We were not able to control for differences in resident case-mix 
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amongst facilities, and it is possible varied case-mix was in part responsible for observed 

differences in facility-level prescribing. However, given there are few contra-indications 

for calcium and vitamin D it seems unlikely that this was a major contributing factor. Our 

results, and those of others (42, 49), indicate that most facility characteristics are not 

associated with osteoporosis-related prescribing. Similarly, studies examining variation in 

anti-psychotic prescribing have reported that substantial inter-home variation remained 

after adjusting for a range of facility and resident characteristics (53, 54). In contrast, 

studies examining non-prescribing quality measures including restraint use, pressure ulcer 

prevalence, staffing levels, complaints, and government regulatory measures report that 

non-profit versus for-profit homes demonstrate higher quality of care (55-57). 

If resident and facility characteristics cannot adequately account for differences in 

prescribing, further attention is needed to consider other potential factors including 

facility culture, operational policies, staffing levels, and prescriber characteristics. 

Interestingly, research by Curtis et al. (58) suggests that for osteoporosis medications, 

prescribing sub-cultures within individual LTC homes were not as influential as 

individual physician preferences.  In a three-level model, the physician clustering effect 

was not significant and the authors emphasize the importance of targeting knowledge 

translation efforts at individual physicians. Similarly, a recent study in Ontario LTC 

homes indicated that prescriber characteristics were more influential than resident 

characteristics in influencing antibiotic treatment courses (59). 
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Implications for Knowledge Translation 

We are encouraged that adequate vitamin D and calcium prescribing improved after 

implementing the Ontario Osteoporosis Strategy for LTC. It is possible that other factors 

contributed to the observed uptake, particularly: 1) increased media, societal, and 

academic attention regarding the benefits of vitamin D; and 2) the publication of the 

updated Osteoporosis Canada clinical practice guidelines in 2010 (32). While these were 

likely contributing factors, passive approaches to disseminating research evidence (e.g., 

publication of clinical guidelines, academic conferences) are not sufficient to produce 

large practice changes (60). For example, despite the publication and dissemination of 

Canadian osteoporosis guidelines in 2002 (61), a considerable osteoporosis care gap 

remained in both community-dwelling and institutionalized cohorts (62-65). Similarly, 

the benefits of calcium and vitamin D for LTC residents have been well known since 

Chapuy's widely cited publication in 1992 (66), yet little uptake in their use occurred in 

the decade after it was published (38, 41, 67).   

Considerable knowledge translation efforts are required to make substantial 

improvements in health care practices. As Grol (68) suggests: "For guidelines to have an 

impact on actual care, they need to be integrated with other quality improvement 

initiatives, such as performance measurement and quality improvement programmes. This 

requires intensive collaboration between the organisations responsible for these tasks, 

which is lacking in most countries." We believe initiatives such as the Ontario 

Osteoporosis Strategy (23) are taking important and necessary steps in translating 
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research evidence into practice and policy via an integrated approach that involves 

multiple sectors including government, health care organizations, community agencies, 

patient associations, researchers, and front-line professionals. 

In addition to practice-level barriers to osteoporosis and fracture care [i.e., impracticality 

of bone mineral density testing, difficulty in applying fracture risk assessment tools, 

uncertainty regarding benefits for LTC residents, and confusion regarding whom to treat 

(26, 27, 30, 31, 47, 69, 70)], several organizational barriers also exist. These include: not 

including osteoporosis and fracture risk assessment as part of standardized processes 

(e.g., admission, quarterly reviews); not capturing risk variables electronically, and failure 

to incorporate preventative osteoporosis and fracture strategies into formal care-plans (30, 

31, 70-72). Given the interdisciplinary, team-based approach to care in LTC facilities, it 

is imperative that knowledge translation efforts need to target both practice-level and 

organizational changes. 

Strengths and Limitations  

The strengths of this study include the use of a pharmacy database that has a well-

developed system for capturing vitamin D, calcium, and osteoporosis medication 

variables. Our sample of LTC homes, particularly in the smaller 2007 cohort, were 

subject to both sampling bias (i.e., non-representative sample of homes) and sampling 

error (i.e., even with random sampling, difference between the sample and population 

values). For both cohort years we lacked a complete range of resident variables, 
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particularly patient case-mix. We were able to examine some facility and resident 

characteristics in our 2012 cohort, but were unable to consider other factors such as 

staffing ratios and prescriber characteristics. The benefits of using a single pharmacy 

database were the completeness and uniformity of its medication information; however, it 

is possible the LTC homes serviced by the provider are not representative of other LTC 

homes in the province. Due to our continued partnership that we have had with the 

provider, including initiatives to improve other types of prescribing (73, 74), it is possible 

that some homes would represent the best case scenario. If this were the case, it is 

possible that overall our rates could be over-estimated, however since we used the same 

pharmacy provider for both cohort years, it would not impact our estimates of five-year 

change. 

Summary 

For the past several years, the Ontario Osteoporosis Strategy for LTC has implemented 

wide-scale knowledge translation activities in LTC homes across the province. Although 

we cannot assess causality in our study, our findings suggest that wide-scale knowledge 

translation activities were successful in improving vitamin D prescribing within Ontario 

LTC, although ongoing efforts are needed to target homes with low uptake.  

The consensus meeting we held in 2013, to adapt the Osteoporosis Canada clinical 

practice guidelines for the frail elderly and LTC residents, will provide more explicit 

guidance regarding the management of osteoporosis and fractures in LTC. Ongoing 

knowledge translation activities should be aimed at disseminating these adapted 
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guidelines and decreasing variation in management practices between LTC homes. Wide-

scale changes to knowledge management systems are also necessary for improving 

fracture risk assessment and better integrating practice guidelines. Even though this 

impact evaluation only examined prescribing outcomes, we are encouraged by the 

substantial uptake observed for vitamin D prescribing five years after initiating the 

Ontario Osteoporosis Strategy for LTC. Future evaluations should also consider process 

changes and examine falls and fractures outcomes. 

  

  



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

65 

 

 

Acknowledgements 

We would like to thank the Ministry of Health and Long-term Care in Ontario for their 

support of the Ontario Osteoporosis Strategy. 

 

 



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

66 

 

 

REFERENCES 

1. Gloth FM,3rd, Simonson W. Osteoporosis is underdiagnosed in skilled nursing 

facilities: A large-scale heel BMD screening study. J Am Med Dir Assoc. 2008 

Mar;9(3):190-3. 

2. Zimmerman SI, Girman CJ, Buie VC, Chandler J, Hawkes W, Martin A, et al. The 

prevalence of osteoporosis in nursing home residents. Osteoporos Int. 1999;9(2):151-7. 

3. Crilly RG, Tanner DA, Kloseck M, Chesworth BM. Hip fractures in long-term care: Is 

the excess explained by the age and gender distribution of the residents? J Aging Res. 

2010 Aug 24;2010:291258. 

4. Chen H, Zhou X, Fujita H, Onozuka M, Kubo KY. Age-related changes in trabecular 

and cortical bone microstructure. Int J Endocrinol. 2013;2013:213234. 

5. Landi F, Liperoti R, Fusco D, Mastropaolo S, Quattrociocchi D, Proia A, et al. 

Prevalence and risk factors of sarcopenia among nursing home older residents. J Gerontol 

A Biol Sci Med Sci. 2012 Jan;67(1):48-55. 

6. Kanwar A, Singh M, Lennon R, Ghanta K, McNallan SM, Roger VL. Frailty and 

health-related quality of life among residents of long-term care facilities. J Aging Health. 

2013 Jun 25. 

7. Norris MA, Walton RE, Patterson CJS, Feightner JW, and the Canadian Task Force on 

Preventive Health Care. Prevention of falls in long-term care facilities:Systematic review 



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

67 

 

 

and recommendations. London, ON: Canadian Task Force; 2003. Report No.: CTFPHC 

Technical Report. 

8. Ensrud KE, Ewing SK, Taylor BC, Fink HA, Stone KL, Cauley JA, et al. Frailty and 

risk of falls, fracture, and mortality in older women: The study of osteoporotic fractures. J 

Gerontol A Biol Sci Med Sci. 2007 Jul;62(7):744-51. 

9. Ensrud KE, Ewing SK, Cawthon PM, Fink HA, Taylor BC, Cauley JA, et al. A 

comparison of frailty indexes for the prediction of falls, disability, fractures, and mortality 

in older men. J Am Geriatr Soc. 2009 Mar;57(3):492-8. 

10. Gielen E, Verschueren S, O'Neill TW, Pye SR, O'Connell MD, Lee DM, et al. 

Musculoskeletal frailty: A geriatric syndrome at the core of fracture occurrence in older 

age. Calcif Tissue Int. 2012 Sep;91(3):161-77. 

11. Frisoli A,Jr, Chaves PH, Ingham SJ, Fried LP. Severe osteopenia and osteoporosis, 

sarcopenia, and frailty status in community-dwelling older women: Results from the 

women's health and aging study (WHAS) II. Bone. 2011 Apr 1;48(4):952-7. 

12. Ioannidis G, Kennedy CC, Dykeman J, Dudziak S, Papaioannou A. Association 

between vitamin D3 supplementation and serum 25-hydroxyvitamin D levels in older 

individuals residing in long-term care in ontario, canada. J Am Geriatr Soc. 2012 

May;60(5):985-7. 



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

68 

 

 

13. Flicker L, Mead K, MacInnis RJ, Nowson C, Scherer S, Stein MS, et al. Serum 

vitamin D and falls in older women in residential care in australia. J Am Geriatr Soc. 

2003 Nov;51(11):1533-8. 

14. Hanley DA, Cranney A, Jones G, Whiting SJ, Leslie WD, Guidelines Committee of 

the Scientific Advisory Council of Osteoporosis Canada. Vitamin D in adult health and 

disease: A review and guideline statement from osteoporosis canada (summary). CMAJ. 

2010 Sep 7;182(12):1315-9. 

15. Bischoff-Ferrari HA, Kiel DP, Dawson-Hughes B, Orav JE, Li R, Spiegelman D, et 

al. Dietary calcium and serum 25-hydroxyvitamin D status in relation to BMD among 

U.S. adults. J Bone Miner Res. 2009 May;24(5):935-42. 

16. Bischoff-Ferrari HA, Dietrich T, Orav EJ, Dawson-Hughes B. Positive association 

between 25-hydroxy vitamin D levels and bone mineral density: A population-based 

study of younger and older adults. Am J Med. 2004 May 1;116(9):634-9. 

17. Bischoff-Ferrari HA, Dietrich T, Orav EJ, Hu FB, Zhang Y, Karlson EW, et al. 

Higher 25-hydroxyvitamin D concentrations are associated with better lower-extremity 

function in both active and inactive persons aged > or =60 y. Am J Clin Nutr. 2004 

Sep;80(3):752-8. 

18. Dawson-Hughes B. Serum 25-hydroxyvitamin D and functional outcomes in the 

elderly. Am J Clin Nutr. 2008 Aug;88(2):537S-40S. 



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

69 

 

 

19. Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich T, Dawson-Hughes B. 

Estimation of optimal serum concentrations of 25-hydroxyvitamin D for multiple health 

outcomes. Am J Clin Nutr. 2006 Jul;84(1):18-28. 

20. Cauley JA, Danielson ME, Boudreau R, Barbour KE, Horwitz MJ, Bauer DC, et al. 

Serum 25-hydroxyvitamin D and clinical fracture risk in a multiethnic cohort of women: 

The women's health initiative (WHI). J Bone Miner Res. 2011 Oct;26(10):2378-88. 

21. Looker AC, Mussolino ME. Serum 25-hydroxyvitamin D and hip fracture risk in 

older U.S. white adults. J Bone Miner Res. 2008 Jan;23(1):143-50. 

22. Holvik K, Ahmed LA, Forsmo S, Gjesdal CG, Grimnes G, Samuelsen SO, et al. Low 

serum levels of 25-hydroxyvitamin D predict hip fracture in the elderly. A NOREPOS 

study. J Clin Endocrinol Metab. 2013 May 15. 

23. Jaglal SB, Hawker G, Cameron C, Canavan J, Beaton D, Bogoch E, et al. The ontario 

osteoporosis strategy: Implementation of a population-based osteoporosis action plan in 

canada. Osteoporos Int. 2010 Jun;21(6):903-8. 

24. Osteoporosis Action Plan Committee. Osteoporosis action plan: An osteoporosis 

strategy for ontario. 2003. 

25. Sawka AM, Ismaila N, Cranney A, Thabane L, Kastner M, Gafni A, et al. A scoping 

review of strategies for the prevention of hip fracture in elderly nursing home residents. 

PLoS One. 2010 Mar 3;5(3):e9515. 



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

70 

 

 

26. Lau AN, Ioannidis G, Potts Y, Giangregorio LM, Van der Horst ML, Adachi JD, et al. 

What are the beliefs, attitudes and practices of front-line staff in long-term care (LTC) 

facilities related to osteoporosis awareness, management and fracture prevention? BMC 

Geriatr. 2010 Oct 8;10:73. 

27. Sawka AM, Ismaila N, Raina P, Thabane L, Straus S, Adachi JD, et al. Hip fracture 

prevention strategies in long-term care: A survey of canadian physicians' opinions. Can 

Fam Physician. 2010 Nov;56(11):e392-7. 

28. Ioannidis G, Papaioannou A, Kennedy CC, Giangregorio LM, Thabane L, Eappen J, 

et al. What organizational factors influence vitamin D use in nursing homes? baseline 

data from the ViDOS cluster randomized controlled trial. J Bone Miner Res. 

2012;27(Suppl 1). 

29. Kennedy CC, Papaioannou A, Ioannidis G, Giangregorio LM, Thabane L, Soleas I, et 

al. What predicts osteoporosis treatment in nursing home residents: Baseline data from 

the ViDOS cluster randomized controlled trial. J Bone Miner Res. 2012;27(Suppl 1). 

30. Kennedy CC, Ioannidis G, Giangregorio LM, Adachi JD, Thabane L, Morin SN, et al. 

An interdisciplinary knowledge translation intervention in long-term care: Study protocol 

for the vitamin D and osteoporosis study (ViDOS) pilot cluster randomized controlled 

trial. Implement Sci. 2012 May 24;7(1):48. 



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

71 

 

 

31. Kennedy CC, et al. How can we improve bone health in the long-term care setting? 

lessons from the ViDOS study. J Bone Miner Res. 2011;26(Suppl 1). 

32. Papaioannou A, Morin S, Cheung AM, Atkinson S, Brown JP, Feldman S, et al. 2010 

clinical practice guidelines for the diagnosis and management of osteoporosis in canada: 

Summary. CMAJ. 2010 Nov 23;182(17):1864-73. 

33. Demontiero O, Herrmann M, Duque G. Supplementation with vitamin D and calcium 

in long-term care residents. J Am Med Dir Assoc. 2011 Mar;12(3):190-4. 

34. Leslie WD, Lix LM, Johansson H, Oden A, McCloskey E, Kanis JA, et al. 

Independent clinical validation of a canadian FRAX tool: Fracture prediction and model 

calibration. J Bone Miner Res. 2010 Nov;25(11):2350-8. 

35. Leslie WD, Berger C, Langsetmo L, Lix LM, Adachi JD, Hanley DA, et al. 

Construction and validation of a simplified fracture risk assessment tool for canadian 

women and men: Results from the CaMos and manitoba cohorts. Osteoporos Int. 2011 

Jun;22(6):1873-83. 

36. Giangregorio LM, Jantzi M, Papaioannou A, Hirdes J, Maxwell CJ, Poss JW. 

Osteoporosis management among residents living in long-term care. Osteoporos Int. 2009 

Sep;20(9):1471-8. 



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

72 

 

 

37. Parikh S, Avorn J, Solomon DH. Pharmacological management of osteoporosis in 

nursing home populations: A systematic review. J Am Geriatr Soc. 2009 Feb;57(2):327-

34. 

38. Parikh S, Mogun H, Avorn J, Solomon DH. Osteoporosis medication use in nursing 

home patients with fractures in 1 US state. Arch Intern Med. 2008 May 26;168(10):1111-

5. 

39. Jachna CM, Shireman TI, Whittle J, Ellerbeck EF, Rigler SK. Differing patterns of 

antiresorptive pharmacotherapy in nursing facility residents and community dwellers. J 

Am Geriatr Soc. 2005 Aug;53(8):1275-81. 

40. Wright RM. Use of osteoporosis medications in older nursing facility residents. J Am 

Med Dir Assoc. 2007 Sep;8(7):453-7. 

41. Kamel HK. Update on osteoporosis management in long-term care: Focus on 

bisphosphonates. J Am Med Dir Assoc. 2007 Sep;8(7):434-40. 

42. Colon-Emeric C, Lyles KW, Levine DA, House P, Schenck A, Gorospe J, et al. 

Prevalence and predictors of osteoporosis treatment in nursing home residents with 

known osteoporosis or recent fracture. Osteoporos Int. 2007 Apr;18(4):553-9. 

43. Home, community and residential care services for seniors: Seniors' care: Long-term 

care homes [Internet]. Ontario, Canada: Queen's Printer for Ontario; 2013 [updated 2013 



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

73 

 

 

Nov 29; cited 2014 Jan 19]. Available from: 

http://www.health.gov.on.ca/en/public/programs/ltc/15_facilities.aspx. 

44. Lengyel CO, Whiting SJ, Zello GA. Nutrient inadequacies among elderly residents of 

long-term care facilities. Can J Diet Pract Res. 2008 Summer;69(2):82-8. 

45. Hardin JW, Hilbe JM. Generalized estimating equations. First ed. New York: 

Chapman & Hall/CRC; 2003. 

46. Bolland MJ, Avenell A, Baron JA, Grey A, MacLennan GS, Gamble GD, et al. Effect 

of calcium supplements on risk of myocardial infarction and cardiovascular events: Meta-

analysis. BMJ. 2010 Jul 29;341:c3691. 

47. Wall M, Lohfeld L, Giangregorio L, Ioannidis G, Kennedy CC, Moser A, et al. 

Fracture risk assessment in long-term care: A survey of long-term care physicians. BMC 

Geriatr. 2013 Oct 18;13(1):109. 

48. Leslie WD, Lix LM, Langsetmo L, Berger C, Goltzman D, Hanley DA, et al. 

Construction of a FRAX(R) model for the assessment of fracture probability in canada 

and implications for treatment. Osteoporos Int. 2011 Mar;22(3):817-27. 

49. Parikh S, Brookhart MA, Stedman M, Avorn J, Mogun H, Solomon DH. Correlations 

of nursing home characteristics with prescription of osteoporosis medications. Bone. 2011 

May 1;48(5):1164-8. 



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

74 

 

 

50. Gupta G, Aronow WS. Underuse of procedures for diagnosing osteoporosis and of 

therapies for osteoporosis in older nursing home residents. J Am Med Dir Assoc. 2003 

Jul-Aug;4(4):200-2. 

51. Viveky N, Toffelmire L, Thorpe L, Billinsky J, Alcorn J, Hadjistavropoulos T, et al. 

Use of vitamin and mineral supplements in long-term care home residents. Appl Physiol 

Nutr Metab. 2012 Feb;37(1):100-5. 

52. Yanamadala M, Heflin MT, White HK, Buhr GT. Ensuring vitamin D 

supplementation in nursing home patients--a quality improvement project. J Nutr 

Gerontol Geriatr. 2012;31(2):158-71. 

53. Rochon PA. Exploring the variation in ontario nursing home prescribing rates for 

antipsychotics. Healthc Q. 2007;10(4):20-2. 

54. Huybrechts KF, Rothman KJ, Brookhart MA, Silliman RA, Crystal S, Gerhard T, et 

al. Variation in antipsychotic treatment choice across US nursing homes. J Clin 

Psychopharmacol. 2012 Feb;32(1):11-7. 

55. McGregor MJ, Cohen M, Stocks-Rankin CR, Cox MB, Salomons K, McGrail KM, et 

al. Complaints in for-profit, non-profit and public nursing homes in two canadian 

provinces. Open Med. 2011;5(4):e183-92. 



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

75 

 

 

56. McGregor MJ, Cohen M, McGrail K, Broemeling AM, Adler RN, Schulzer M, et al. 

Staffing levels in not-for-profit and for-profit long-term care facilities: Does type of 

ownership matter? CMAJ. 2005 Mar 1;172(5):645-9. 

57. Comondore VR, Devereaux PJ, Zhou Q, Stone SB, Busse JW, Ravindran NC, et al. 

Quality of care in for-profit and not-for-profit nursing homes: Systematic review and 

meta-analysis. BMJ. 2009 Aug 4;339:b2732. 

58. Curtis JR, Arora T, Xi J, Silver A, Allison JJ, Chen L, et al. Do physicians within the 

same practice setting manage osteoporosis patients similarly? implications for 

implementation research. Osteoporos Int. 2009 Nov;20(11):1921-7. 

59. Daneman N, Gruneir A, Bronskill SE, Newman A, Fischer HD, Rochon PA, et al. 

Prolonged antibiotic treatment in long-term care: Role of the prescriber. JAMA Intern 

Med. 2013 Apr 22;173(8):673-82. 

60. Grol R, Grimshaw J. From best evidence to best practice: Effective implementation of 

change in patients' care. Lancet. 2003 Oct 11;362(9391):1225-30. 

61. Brown JP, Josse RG, Scientific Advisory Council of the Osteoporosis Society of 

Canada. 2002 clinical practice guidelines for the diagnosis and management of 

osteoporosis in canada. CMAJ. 2002 Nov 12;167(10 Suppl):S1-34. 



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

76 

 

 

62. Papaioannou A, Kennedy CC, Ioannidis G, Gao Y, Sawka AM, Goltzman D, et al. 

The osteoporosis care gap in men with fragility fractures: The canadian multicentre 

osteoporosis study. Osteoporos Int. 2008 Apr;19(4):581-7. 

63. Papaioannou A, Giangregorio L, Kvern B, Boulos P, Ioannidis G, Adachi JD. The 

osteoporosis care gap in canada. BMC Musculoskelet Disord. 2004 Apr 6;5:11. 

64. Giangregorio L, Papaioannou A, Cranney A, Zytaruk N, Adachi JD. Fragility 

fractures and the osteoporosis care gap: An international phenomenon. Semin Arthritis 

Rheum. 2006 Apr;35(5):293-305. 

65. Leslie WD, Giangregorio LM, Yogendran M, Azimaee M, Morin S, Metge C, et al. A 

population-based analysis of the post-fracture care gap 1996-2008: The situation is not 

improving. Osteoporos Int. 2012 May;23(5):1623-9. 

66. Chapuy MC, Arlot ME, Duboeuf F, Brun J, Crouzet B, Arnaud S, et al. Vitamin D3 

and calcium to prevent hip fractures in the elderly women. N Engl J Med. 1992 Dec 

3;327(23):1637-42. 

67. Rojas-Fernandez CH, Lapane KL, MacKnight C, Howard KA. Undertreatment of 

osteoporosis in residents of nursing homes: Population-based study with use of the 

systematic assessment of geriatric drug use via epidemiology (SAGE) database. Endocr 

Pract. 2002 Sep-Oct;8(5):335-42. 

68. Grol R. Has guideline development gone astray? yes. BMJ. 2010 Jan 29;340:c306. 



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

77 

 

 

69. McKercher HG, Crilly RG, Kloseck M. Osteoporosis management in long-term care. 

survey of ontario physicians. Can Fam Physician. 2000 Nov;46:2228-35. 

70. Colon-Emeric CS, Casebeer L, Saag K, Allison J, Levine D, Suh TT, et al. Barriers to 

providing osteoporosis care in skilled nursing facilities: Perceptions of medical directors 

and directors of nursing. J Am Med Dir Assoc. 2004 Nov-Dec;5(6):361-6. 

71. Kennedy CC, Lohfeld L, Adachi JD, Morin SM, Marr S, Crilly RG, et al. Is a 

multifaceted knowledge translation intervention feasible and acceptable in long-term 

care? A qualitative study with ViDOS participants. can ger J 2013; 16 (2). Can Ger J. 

2013;16(2). 

72. Colon-Emeric CS, Lekan D, Utley-Smith Q, Ammarell N, Bailey D, Corazzini K, et 

al. Barriers to and facilitators of clinical practice guideline use in nursing homes. J Am 

Geriatr Soc. 2007 Sep;55(9):1404-9. 

73. Papaioannou A, Kennedy CC, Campbell G, Stroud JB, Wang L, Dolovich L, et al. A 

team-based approach to warfarin management in long term care: A feasibility study of the 

MEDeINR electronic decision support system. BMC Geriatr. 2010 Jun 10;10:38,2318-10-

38. 

74. Kennedy CC, Campbell G, Garg AX, Dolovich L, Stroud JB, McCallum RE, et al. 

Piloting a renal drug alert system for prescribing to residents in long-term care. J Am 

Geriatr Soc. 2011 Sep;59(9):1757-9.



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

78 

 

Table 1: Comparison of LTC Home baseline characteristics for 2007 and 2012 cohorts 

 
2007 

n=10 

2012 

n=166 

Resident age, mean (SD) 82.9 (1.73) 83.7 (2.66) 

Proportion female, mean (SD)  0.66 (0.06)  0.70 (0.07) 

Home size (number of beds) 

mean (SD) 

min, max 

 

209.8 (45.0) 

118, 286 

 

130.7 (77.6)† 

16, 459 

Prescribers per home, mean (SD) NA 5.83 (3.82) 

For-Profit, % NA 56.6% 

Corporate chain affiliation, % NA 44.6% 

Community size (location of home), median 

(Q1, Q3) 

NA 53,203  

(7638, 507 096) 

NA=data not available. 

 †p<0.05 
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Table 2: Change in Facility-level Prescribing Rates from 2007 to 2012, percent (95% CI) 

 Mean, Weighted Facility 

Prescribing Rates*  

Prescribing Change* 

 

 2007 

 

2012 2012-2007 (95% CI) 

 

Vitamin D 25.4 (16.7, 34.1) 63.6 (60.8, 66.3) 38.2 (29.0, 47.3) 

Calcium 23.5 (0.16, 0.31 27.6 (25.3, 29.8 4.0 (-3.9, 12.0) 

OP medication 15.4 (12.1, 18.7) 15.6 (14.6, 16.6) 0.2 (-3.3, 3.7) 

*Weighted by the reciprocal of the error variance of facility prescribing rates and adjusted for 

age, sex, and facility size.
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Table 3: Associations between Prescribing Rates and Resident/Facility Characteristics in 

2012  

 Vitamin D  

 

Calcium 

 

Osteoporosis 

Medications 

OR (95% CI) 

Resident-level    

Age, per 10 years 1.08 (1.05, 1.11) 1.05 (1.02, 1.09 1.06 (1.02, 1.11) 

Male sex 0.61 (0.57, 0.65)   0.48 (0.45, 0.52) 0.33 (0.30, 0.37) 

Facility-level    

Community population, per 100 000 

persons 

1.00 (0.99, 1.00) 1.01 (1.00, 1.01) 1.01 (1.00, 1.01) 

Number of prescribing physicians 1.05 (1.02, 1.09) 1.03 (1.01, 1.05) 1.01 (0.99, 1.04) 

Corporate chain affiliationa 0.96 (0.69, 1.33) 0.95 (0.67, 1.34) 1.03 (0.81, 1.30) 

LTC home size    

Medium (100-199 beds)b  0.97 (0.74, 1.27) 1.04 (0.84, 1.28) 1.08 (0.91, 1.27) 

Large (≥ 200 beds)b 0.78 (0.53, 1.13) 0.90 (0.67, 1.19) 0.85 (0.63, 1.14) 

Profit status    

Municipalc 1.10 (0.76, 1.59) 1.03 (0.71, 1.48) 0.96 (0.73, 1.28) 

Non-profitc 1.06 (0.71, 1.58) 1.35 (0.91, 2.02) 1.20 (0.92, 1.58) 

Bolded estimates indicate significance at alpha <0.05. 

aReference category is no chain affiliation. 

bReference category is small (< 100 beds). 

cReference category is for-profit. 
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Figure 1: Flow-chart of the study population
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Figure 2: Distribution of facility-level prescribing rates across Ontario LTC homes for 

(a) vitamin D ≥800 IU/day (b) calcium ≥500 mg/day and (c) osteoporosis medication. 
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CHAPTER 3 

 

Thesis Paper 2: An Interdisciplinary Knowledge Translation Intervention in 

Long-Term Care: Study Protocol for the Vitamin D and Osteoporosis Study 

(ViDOS) Pilot Cluster Randomized Controlled Trial 
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PREFACE TO CHAPTER 3 

This chapter is the complete study protocol for the Vitamin D and Osteoporosis Study 

(ViDOS), a cluster randomized controlled trial conducted in 40 Ontario LTC homes to 

evaluate a multifaceted, interdisciplinary KT intervention for integrating osteoporosis and 

fracture prevention practices.  

The Vitamin D and Osteoporosis Study (ViDOS) trial received an operating grant from 

the Canadian Institutes of Health Research (Funding Reference Number: MOP-114982).  

Dr. Papaioannou was the Principal Investigator on this grant, and the student was the PhD 

trainee. The ViDOS study was conducted from 2009-2012.   

This work was published (online first) in May 2012 in the journal Implementation 

Science.  

The student and co-author contributions to this work appear at the end of this article. 

Full citation: 

Kennedy et al.: An interdisciplinary knowledge translation intervention in long-term care: 

Study protocol for the vitamin D and osteoporosis study (ViDOS) pilot cluster 

randomized controlled trial. Implementation Science 2012 7:48. doi:10.1186/1748-5908-

7-48.  

Permission has been granted by the publisher, Biomed Central, to include this copyright 

material as part of the thesis (Appendix A).  
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CHAPTER 4 

 

Thesis Paper 3:   A Successful Knowledge Translation Intervention in 

Long-term Care: Final Results from the Vitamin D and Osteoporosis Study 

(ViDOS) Pilot Cluster Randomized Controlled Trial
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PREFACE TO CHAPTER 4 

This chapter presents the final clinical results for the Vitamin D and Osteoporosis Study 

(ViDOS). In this paper, we examine the resident-level prescribing outcomes that were 

collected at baseline and twelve-months from a centralized pharmacy database. The 

primary outcome was Vitamin D ≥800 IU/day; secondary outcomes were calcium ≥500 

mg/day and osteoporosis medications (high-risk residents only).  

The Vitamin D and Osteoporosis Study (ViDOS) received an operating grant from the 

Canadian Institutes of Health Research (Funding Reference Number: MOP-114982).  Dr. 

Papaioannou was the Principal Investigator on this grant, and the student was the PhD 

trainee. The ViDOS study was conducted from 2009-2012.   

In February 2014, it was submitted for publication as Original Research to the Journal of 

the American Geriatrics Society (JAGS). 

The student and co-author contributions to this work appear at the end of this article. 
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STRUCTURED ABSTRACT  

Objective: To evaluate the effectiveness of a multifaceted, interdisciplinary knowledge 

translation (KT) intervention aimed at increasing evidence-based fracture prevention 

practices in long-term care (LTC). 

Design: Pilot, cluster randomized controlled trial.  

Setting: 40 LTC homes (21 control; 19 intervention) in Ontario, Canada. Cluster 

eligibility criteria: More than one physician; received services from our pharmacy 

provider. 

Participants: Interdisciplinary care teams: physicians, nurses, consultant pharmacists, 

other LTC staff.  

Intervention: Three small-group, interactive educational meetings over twelve-months 

that included a presentation by an expert opinion leader, action planning for quality 

improvement, audit and feedback review, distribution of educational materials. 

Measurements: Resident-level prescribing outcomes were collected at baseline and 

twelve-months from a centralized pharmacy database. The primary outcome was vitamin 

D ≥800 IU/day; secondary outcomes were calcium ≥500 mg/day and osteoporosis 

medications (high-risk residents only). 

Results: At baseline, 5478 residents, mean age 84.4 [Standard Deviation (SD 10.9)], 71% 

female, resided in 40 LTC homes, mean size= 137 beds (SD 76.7). Using the generalized 
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estimating equations (GEE) technique to account for clustering within a LTC home, the 

intervention resulted in a significantly greater increase in prescribing from baseline to 

twelve-months between intervention versus control arms for vitamin D (odds ratio [OR] 

1.82, 95% confidence interval [CI]: 1.12, 2.96) and calcium (OR 1.33, 95% CI: 1.01, 

1.74), but not for osteoporosis medications (OR 1.17, 95% CI: 0.91, 1.51). In per protocol 

analyses (excluding 7 non-participating intervention homes), ORs were 3.06 (95% CI: 

2.18, 4.29), 1.57 (95% CI: 1.12, 2.21), 1.20 (95% CI: 0.90, 1.60) for vitamin D, calcium 

and osteoporosis medications, respectively. 

Conclusion: Our KT intervention significantly improved prescribing of vitamin D and 

calcium and is a model that could potentially be applied to other areas requiring quality 

improvement. 

Trial Registration: ClinicalTrials.gov NCT01398527. 

 

KEY WORDS 

fracture, long-term care, vitamin D, prescribing, knowledge translation  
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INTRODUCTION 

Effective knowledge translation (KT) interventions are essential to encourage the uptake 

of evidence based practices. Ideally, the selection of interventions is guided by evidence 

of effectiveness and efficiency (1), however good evidence is not always available or may 

not be generalizable from one setting to another. Compared with community or acute care 

settings, there has been little KT enquiry in long-term care (LTC) homes (2). 

LTC homes provide 24-hour nursing care and supervision to residents who often have 

multiple co-morbidities, polypharmacy, and shortened life expectancies. Physicians are 

often located off-site and engage in collaborative decision making with the care team (3). 

Given these unique characteristics, innovative, interdisciplinary approaches to KT that are 

tailored to this practice environment are required (4). Furthermore, rigorous evaluation is 

required to ascertain whether KT strategies proven to be effective in other settings are 

also effective in LTC.  

We developed an interdisciplinary KT intervention for LTC focused on increasing the 

uptake of vitamin D and other evidence-based fracture prevention strategies. An 

estimated 60-80% of LTC residents have osteoporosis (5) and in Canada it is estimated 

that the fracture rate for LTC residents is approximately 2-4 times that of similarly aged 

community-dwelling residents (6). Meta-analyses demonstrate that vitamin D reduces 

falls (7), and calcium and vitamin D reduce fractures in LTC residents (8). Despite strong 

evidence, and acceptance by physicians (9), these strategies are under-utilized in LTC 

(10, 11). Barriers to implementing appropriate fracture prevention include knowledge 
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gaps (12, 13), lack of access to bone densitometry, difficulty in applying risk assessment 

tools within LTC (13), and a lack of standard processes and policies that support bone 

health (14).                                                                                                                                                                                                                                                                                                                                                          

To evaluate our inter-disciplinary KT model, we conducted a pilot, cluster randomized 

controlled trial (RCT). Our primary clinical objective was to determine if the intervention 

increased the proportion of residents prescribed vitamin D ≥800 IU over twelve-months. 

Secondary objectives were to examine the influence of the intervention on calcium and 

osteoporosis medication prescribing.  



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

106 

 

METHODS 

Trial Design, Setting and Participants 

The Vitamin D and Osteoporosis Study (ViDOS) was conducted in LTC homes across 

the province of Ontario, Canada. In Ontario, there are approximately 630 licensed LTC 

homes that provide residents with onsite nursing care, 24-hour supervision, or personal 

support (15). 

The study was designed as a pilot, cluster RCT comparing a multifaceted, 

interdisciplinary KT intervention with a control group. Cluster randomization was chosen 

because the intervention was naturally delivered at the cluster level and to reduce 

potential contamination in the control arm. The unit of randomization was the LTC home, 

and the target audience within each home was the core group of interdisciplinary care 

leaders (i.e., the Professional Advisory Committee), including the Administrator, Medical 

Director, Director of Care, Consultant Pharmacist, Dietician/Director of Food Services, 

and other nursing, medical or rehabilitation staff. Further details about the study protocol 

are published elsewhere (16). 

Our sampling frame was LTC homes who received medication and consulting services 

from Medical Pharmacies Group Limited (approximately one-third of Ontario LTC 

homes). Homes were eligible if they had more than one prescribing physician and 

received services from Medical Pharmacies. There were no resident-level exclusion 

criteria.  Our recruitment strategy included homes located in communities of all sizes and 
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geographical regions across Ontario. Recruitment began in 2009 and was ongoing until 

the target sample size was reached. The final home completed the intervention in 2012.  

A Data and Safety Monitoring Board with expertise in geriatric medicine and clinical 

trials met twice to review trial processes. Informed consent was obtained from a 

representative at each LTC home and from individual professionals. The study was 

approved by the McMaster University/Hamilton Health Sciences Research Ethics Board. 

Intervention 

The design and implementation of our twelve-month, multi-faceted intervention [Figure 

1; (16)] was founded on the Canadian Institutes of Health Research Knowledge-to-Action 

cycle (17). 

Three, small-group, interactive educational meetings, were held at each intervention 

home during approximately months 1, 6 and 12. Meetings were one-hour in length, 

typically had 5-10 participants, and were facilitated by one of six expert opinion leaders1 

(18), who were specialist physicians with expertise in osteoporosis or geriatrics. Experts 

engaged with study participants either in-person (meeting one only) or remotely, with the 

study coordinator on-site at the first two meetings. At all interactive meetings, the expert 

delivered a standardized presentation and facilitated a question and answer session. At the 

                                                           

1 In the framework by Locock et al. (18), an expert opinion leader was considered distinct from 

peer opinion leaders (i.e., who are role models in daily practice) and was a 'credible authority 

(often an academic or consultant) able to explain the evidence and respond convincingly to 

challenges and debate.' 
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first meeting, a 10-minute video (Meeting the Challenge of Osteoporosis and Fracture 

Prevention) was shown and left for future use. At the third meeting, post-study 

sustainability was discussed including an orientation to web-site resources 

(www.osteoporosislongtermcare.ca). 

After the presentation by the experts, interdisciplinary teams engaged in action planning 

for quality improvement. This process was based on a component of the "plan-do-study-

act" (PDSA) cycle (16, 19); teams discussed and completed an action plan work-sheet 

(Appendix) to address key barriers and facilitators and to outline specific tasks for team 

members. Educational materials were also distributed including osteoporosis tool-kits 

(e.g., pocket cards, case studies, and posters), process checklists, and treatment alerts to 

assist consultant pharmacists with flagging high-risk individuals (16).  Informal 

"champions" (typically Directors of Care) worked with the research team to book 

educational meetings and encourage participation.  

Home-level audit and feedback reports were included in the presentation by the expert. 

Reports were based on the previous month's prescribing and benchmarked against other 

intervention homes. Confidential reports containing individual physician results were also 

provided. 

Changes to Intervention 

At the first few intervention homes (n=7) the expert attended the meeting in-person; it 

was not feasible to continue this format and the remainder were conducted remotely. We 
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planned to use webinar technology to conduct the educational meetings, however many 

homes did not have an accessible internet connection and experts facilitated meetings via 

teleconference instead. 

Control Arm 

Control homes received no intervention except fracture prevention tool-kits that were 

provided to all LTC homes in the province by the Ontario Osteoporosis Strategy (20); 

www.osteoporosislongtermcare.ca. 

Outcomes and Data Collection 

Prescribing  

Resident-level, de-identified prescribing/clinical data were downloaded from the Medical 

Pharmacies central database (individually for each home according to intervention dates) 

by the Director of Systems Services at baseline, six-months, and twelve-months. These 

point estimates included all residents residing in the LTC home on the day of the data 

download. To achieve greater balance with the timing of data downloads through-out the 

study period, control homes were chronologically matched with an intervention home 

(i.e., the nearest one in the randomization sequence). Only baseline and twelve-month 

data were used in the primary analyses; six-month data were used to generate interim 

audit and feedback reports.  

The primary outcome was the change in the proportion of all residents prescribed vitamin 

D ≥800 IU/day (including vitamin D2 or D3) from baseline to twelve-months. Secondary 

prescribing outcomes were the change from baseline to twelve-months in the proportion 
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of 1) all residents prescribed calcium ≥500 mg/day and 2) high-risk residents prescribed 

an osteoporosis medication (oral bisphosphonate, zoledronic acid, denosumab, 

teriparatide). Algorithms to calculate dosage included all daily/weekly/monthly 

preparations and medications and vitamin/mineral supplements that contain vitamin D 

and calcium. High-risk residents were those with a documented hip fracture, vertebral 

fracture, or osteoporosis diagnosis on the electronic Medication Administration Record 

(eMAR).  The eMAR captured any medication indications or diagnoses that were present 

at admission and further updates may have occurred when diagnoses were included on 

physician orders or quarterly medication reviews.  

Falls and Fractures 

One of our secondary objectives was to record incident falls and fractures to inform the 

feasibility of future trials with falls/fracture outcomes and to provide reports to the Data 

and Safety Monitoring Board. The study was not powered to detect differences in falls 

and fractures between arms. Each LTC home collected 3-months of incident falls and 

fracture data at three time-points (corresponding to prescribing downloads), based on 

electronic/paper-based charts, internal monitoring systems, Resident Assessment 

Instrument - Minimum Data Set 2.0 (RAI-MDS 2.0), and critical incident reports.     

Sample Size 

Given effect sizes observed in other KT interventions [e.g., mixed interactive and didactic 

educational meetings (21)], we were interested in detecting a 15% difference in 

prescribing of vitamin D ≥800 IU/daily between the groups [anticipating a 20% increase 
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in the intervention group, and a 5% increase in the control group due to ongoing 

provincial initiatives (20)]. Based on prior work, we anticipated an average of 120 

residents per LTC home and a baseline vitamin D (≥800 IU/day) prescribing rate of 30% 

(10).  Assuming an intracluster correlation of 0.10, a Type I error of 5%, it was 

determined a sample size 18 LTC homes (n=2,160 residents) per arm was required to 

achieve 82% power.  Factoring in a 10% dropout rate, the recruitment target was 40 LTC 

homes.  

Randomization and Blinding 

LTC homes were allocated to control or intervention arms (1:1 allocation ratio) using 

stratified, block randomization. Stratified allocation was based on home size (<250 versus 

≥250 beds) and profit/non-profit status. An off-site investigator assigned homes to 

treatment groups based on a computer-generated allocation sequence. The database 

manager and analysts were blinded to allocation status; LTC homes, experts, and 

coordinators were not blinded. 

Statistical Methods 

The trial was reported in accordance with CONSORT for cluster randomized trials (22). 

Differences in baseline characteristics between arms were examined using the chi-square 

procedure and independent samples T-test. Our primary analysis was intention-to-treat 

(ITT). We analyzed resident level data using the generalized estimating equations (GEE) 

technique, assuming an exchangeable correlation structure (i.e., specifies that all 

observations within the same cluster are equally correlated) to account for clustering 
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within a LTC home (23). We examined the effect of the intervention on the change from 

baseline to twelve-months in the proportion of residents prescribed vitamin D ≥800 

IU/day and calcium ≥500 mg/day (i.e., treatment group-by-time interaction). The same 

method was used to examine osteoporosis medication prescribing, including only high-

risk residents. Odds ratios (ORs), corresponding 95% confidence intervals [CIs] are 

reported.  

Sensitivity analyses 

The above analyses were also conducted in the per protocol cohort, i.e., excluding 7 non-

active intervention homes. We also examined the effect of adjusting GEE models for age, 

sex, and high-risk status.  

Cluster-level analyses 

For each outcome, we calculated the absolute prescribing change in each LTC home from 

baseline to twelve-months. We report mean home-level prescribing changes within 

treatment arms and compare differences between arms, with 95% CIs adjusted for 

clustering using the method described by Donner and Klar (24). 

All statistical analyses were performed using the SAS/STAT 9.2 software package (SAS 

Institute Inc., Cary, NC, USA) and SPSS v20. The criterion for statistical significance 

was set at a = 0.05.  
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RESULTS 

The baseline cohort consisted of 5478 residents residing in 40 LTC homes (19 

intervention, 21 control). Figure 2 illustrates the participant flow.  

Facility Characteristics 

There were no significant differences in facility characteristics (Table 1) between 

treatment arms. The mean facility size was larger in control (157 beds, standard deviation 

[SD] 80.2) versus intervention homes (115 beds, SD 67.9). The majority of LTC homes in 

the study were for-profit and affiliated with a multi-facility chain (Table 1). 

Resident Characteristics  

Residents in both arms were similar in baseline demographic characteristics. There was a 

higher prevalence of hip fractures, osteoporosis diagnoses, and use of vitamin D ≥800 

IU/day, calcium ≥500 mg/day, and osteoporosis medication in the control arm (=2% 

difference; Table 2). 

Prescribing Changes  

The median lengths of follow-up (i.e., between baseline and final data download) for all 

intervention, active intervention, and control homes, respectively, were 12.4 (min 7.4, 

max 15.0), 12.2 (min 11.4, max 15.0), and 12.1 (min 10.5, max 13.4) months.  

The main findings are presented in Table 3. In the ITT cohort, GEE analyses indicated 

there was significantly greater prescribing change from baseline to 12 months in the 

intervention versus control groups for both vitamin D and calcium, with ORs 1.82 (95% 

CI: 1.12, 2.96) and 1.33 (95% CI: 1.01, 1,74), respectively.  
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The intervention had no significant effect on the change in osteoporosis medication 

prescribing in high risk residents (OR 1.17, 95% CI: 0.91, 1.51).  

The intracluster correlation coefficients for vitamin D, calcium, and osteoporosis 

medication prescribing were 0.194, 0.112, and 0.052, respectively.  

Sensitivity Analyses 

In the per protocol cohort, ORs were 3.06 (95% CI: 2.18, 4.29), 1.57 (95% CI: 1.12, 

2.21), and 1.20 (95% CI: 0.90, 1.60) for vitamin D, calcium and osteoporosis 

medications, respectively.  

Adjustment for confounding (i.e., age, sex, high-risk status) had little impact on effect 

estimates (Table 3).  

Absolute Prescribing Change  

Over the course of the trial, the mean home-level prescribing change for vitamin D ≥800 

IU/day was 22.2% (95% CI: 17.6, 26.7) in the intervention arm versus 7.5% (95% CI: 

5.7, 9.3) in the control arm (between group difference = 14.7%, 95% CI: 13.1, 16.2).  

Mean home-level prescribing change for calcium ≥500 mg/day was 8.8% (95% CI: 6.6, 

11.0) in the intervention arm versus 1.8% (95% CI: 0.30, 3.24) in the control arm 

(between group difference = 7.0%, 95% CI: 6.2, 7.9).  In the per protocol cohort, the 

difference in mean home-level prescribing change between treatment arms was 27.0% 

(95% CI: 25.5, 28.5) for vitamin D and 13.1% (95% CI: 12.0, 14.2) for calcium. 
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There was no significant difference in home-level prescribing change between arms for 

osteoporosis medications (between group difference, ITT = 3.4%, 95% CI: 2.6, 4.2; per 

protocol = 2.9%, 95% CI: 1.7, 4.1).  

Falls and Fractures 

Complete falls and fracture data were received from 18 control (baseline residents, 

n=2727) and 11 intervention (baseline residents, n=1290) homes. During nine-months of 

data collection (three non-consecutive periods), LTC homes reported 1712 fallers (43.6% 

single fall, 19.3% two falls, and 37.1% =3 falls) in the control arm and 853 fallers (44.4% 

single fall, 19.0% two falls, and 36.6% =3 falls) in the intervention arm. In the control 

and intervention groups, respectively, 79/5128 (1.5%) and 41/2491 (1.6%) of all reported 

falls resulted in a fracture, including 40/79 (50.6%) and 17/41 (41.5%) hip fractures.  
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DISCUSSION 

In this study, we examined the effectiveness of an interdisciplinary KT intervention 

aimed at improving the uptake of vitamin D and other evidence-based fracture prevention 

strategies in LTC. Our results suggest that the ViDOS intervention resulted in 

significantly greater uptake of appropriate vitamin D and calcium prescribing, with an 

absolute improvement in prescribing of approximately 15% for vitamin D and 7% for 

calcium in the ITT cohort.  

Given that it is a tolerable, low-cost intervention that is recommended for all older adults 

(25), vitamin D may be particularly amenable to targeted change. In the community, a 

multifaceted intervention targeting improved osteoporosis management demonstrated a 

13% absolute improvement in vitamin D (26). In LTC, one KT intervention involving 

consultation and training by specialist osteoporosis nurses demonstrated a relative 

increase of 64% in calcium and vitamin D prescribing (27), but another study with a 

similar multifaceted intervention to ours did not demonstrate significant effects (28). In 

the latter study, participation in the intervention was low, only high-risk residents were 

included in the analysis and the authors also suggest a possible ceiling effect due to high 

baseline prescribing rates. 

We did not see a significant effect for osteoporosis medication prescribing, however this 

is not surprising given that this topic received less focus in educational meetings and 

because it has been well documented that family physicians face a number of barriers for 

prescribing osteoporosis medications in LTC (9, 13). In a recent survey (13), LTC 
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physicians indicated that the general osteoporosis guidelines are difficult to apply to LTC 

residents, particularly with regard to risk assessment. Currently, general osteoporosis 

clinical practice guidelines (25) are being adapted for the frail elderly residing in LTC. 

Our multifaceted KT intervention targeted professional behaviour change, but it also 

included strategies that encouraged organizational change specific to the LTC setting, i.e., 

action planning regarding process and policy changes. In addition to the difficulty of 

applying practice guidelines to the frail elderly, structural and process barriers include a 

high proportion of unregulated staff, absence of a learning culture, high turnover in 

management, heavy regulatory and documentation demands, routinized care rituals, and 

lack of familiarity with clinical practice guidelines, (29-31). Although not all barriers are 

easily modifiable, the ongoing monitoring of barriers (formally, three times over twelve-

months) was an important design feature. 

Another important design component was tailoring our intervention to interdisciplinary 

care teams. Compared with other practice settings, physicians who practice in LTC are 

typically more removed from daily patient care and more reliant on collaborative 

decision-making. We engaged the entire interdisciplinary care team by scheduling 

educational meetings in conjunction with quarterly professional advisory meetings, 

enabling several off-site professionals to be present simultaneously. Furthermore, we 

utilized components of the quality improvement PDSA cycle (16, 19), asking LTC teams 

to brainstorm regarding process and policy changes (reported in a separate publication). 
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Although not the focus of this paper, we had good fidelity with our intervention including 

active participation in educational meetings. Other similar KT studies in LTC which 

included both physicians and LTC staff may have had non-significant (28, 32) or less 

than optimal results (33) due to poor adherence with educational components. In addition 

to scheduling educational meetings with regularly scheduled meetings, interviews with 

ViDOS participants indicated that the direct involvement of an expert was highly valued 

(34).  

The improvements we observed in the ViDOS study demonstrate that interventions for 

changing provider behaviour can be successfully applied within LTC homes. Previously, 

these strategies have mainly been evaluated in other practice settings, demonstrating 

small to moderate effectiveness (35). Cochrane systematic reviews indicate median 

absolute improvements in care in the range of 4-12% for educational meetings [including 

interactive and didactic; (21)], educational outreach (36), local opinion leaders (37), audit 

and feedback (38), and computerized reminders (39).  Some organizational interventions 

(e.g., multidisciplinary collaboration, knowledge management change) also appear to 

improve some care outcomes (40), and interprofessional education has shown some 

positive results, but is an area requiring further study (41). We observed similar or larger 

effect sizes compared with the medians reported in the systematic reviews noted above. 

Our study has several strengths. We included the ongoing monitoring of barriers and use 

of action planning to promote teamwork and communication amongst interdisciplinary 

professionals. ViDOS homes were geographically diverse and were located in 
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communities of varied population sizes. In a cluster RCT, individuals within a cluster are 

more likely to have a similar result to each other than to individuals in other clusters. 

Thus, our GEE data analysis took into the account clustered nature of the data, which 

minimizes the possibility of overestimating the treatment effect and spuriously significant 

findings (42). 

Nonetheless, our study is not without limitations. While our study was generalizable in 

terms of geography and community size, we had an over-representation of chain affiliated 

and for-profit LTC homes compared with provincial averages (43). Not-for-profit LTC 

homes have been associated with higher quality of care (44), although multi-facility 

chains may have greater resources to facilitate implementation of clinical practice 

guidelines (29). We experienced some challenges with recruitment and retention which 

has also been noted in other KT trials in LTC (27, 45). This was a pragmatic RCT; some 

contamination between study arms likely occurred which could have diluted our 

treatment effect. Six consultant pharmacists and four Medical Directors practiced in both 

control and intervention homes, and control homes may have been impacted by study 

activities via diffusion of messages (e.g., homes in the same corporate chain). Future 

trials should consider adding region as a stratification factor to minimize contamination. 

Both arms were subject to outside influences including an ongoing province-wide 

initiative [i.e., Ontario Osteoporosis Strategy for LTC, www.osteoporosislongtermcare.ca 

(20)]. We collected incident falls and fracture data for feasibility and safety data, however 

obtaining standardized data from LTC homes was a methodological limitation (i.e., 
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different falls reporting systems). Our fracture rate was slightly lower than the 2% 

observed in a Canadian study using a standardized fall risk surveillance tool (46). 

Given that our intervention was multi-faceted, it is difficult to determine the most 

influential components. In general, multifaceted interventions may be more effective than 

single interventions (47), although Grimshaw et al. (35) have shown that adding more 

strategies may not improve effect sizes. We did not include measures of organizational 

context (e.g., work culture, type of leadership), which have been identified as an 

important factors influencing the uptake of research evidence (48).  

Although RCT's evaluating KT interventions are increasing in the LTC setting (27, 28, 

32, 49), further implementation research evaluating professional and organizational KT 

strategies is still greatly needed. The results of this study have informed the next phase of 

this research program, including a stepped wedge cluster randomized trial underway in 50 

LTC homes across Ontario (50). Changes that resulted from our pilot included using 

pharmacists as champions in the recruitment and intervention delivery, implementing 

chart audits to collect the required risk information including fracture history, and 

providing risk-based recommendations to practitioners. 

Conclusion 

In conclusion, the ViDOS multifaceted, interdisciplinary intervention effectively 

increased appropriate prescribing of vitamin D and calcium in LTC homes. Although our 

focus was on improving the uptake of evidence-based practices for osteoporosis and 
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fracture prevention, the ViDOS model could potentially be applied to a wider range of 

topics relevant to LTC residents. 
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Table 1. Baseline Characteristics of Intervention and Control LTC Homes  

Characteristic Control 

(n=21) 

Active 

Intervention 

(n=12) 

All 

Intervention 

(n=19) 

Facility Size (Number of Beds) 

mean (SD) 

min, max 

 

157 (80.2) 

49, 375 

 

114 (57.0) 

45, 232 

 

115 (68.0) 

43, 294 

Number of Prescribing Physicians 

mean (SD) 

min, max 

 

4.3 (2.7) 

2, 13 

 

4.7 (2.6) 

1, 10 

 

4.5 (2.7) 

1, 10 

Community Population Size, % 

Small (<30,000) 

Medium (30,000 - 100,000) 

Large (100,000-1,000,000)  

Metropolitan (>1,000,000) 

 

33 

10 

38 

19 

 

42 

8 

33 

17 

 

47 

11 

26 

16 

For-Profit, % 81 92 95 

Chain Affiliation, % 76 75 84 

SD=standard deviation 
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 Table 2. Baseline Characteristics of Residents in Intervention and Control LTC Homes 

Characteristic  Control Group  Intervention Group 

   

n= 3293 

 Active* 

 n= 1367 

 All 

n= 2185 

Age, mean (SD)  84.6 (10.7) 

(n=3274) 

 84.4 (10.8) 

(n=1361) 

 84.0 (11.1) 

(n=2178) 

Female, % (n)  71.1 

(2329/3277) 

 71.5 

(972/1360) 

 70.4 

(1532/2175) 

Number of medications, mean (SD)  9.2 (4.3) 

(n=3293) 

 9.7 (4.9) 

(n=1367) 

 9.7 (4.7)  

(n=2185) 

Vitamin D (≥800 IU/day), % (n)  41.8 

(1378/3293) 

 38.8 

(530/1367) 

 36.0 

(787/2185) 
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Calcium (≥500 mg/day), % (n)  34.8 

(1145/3293) 

 32.7 

(447/1367) 

 30.7 

(671/2185) 

Osteoporosis Medication, % (n)  22.7 

(747/3293) 

 17.7 

(242/1367) 

 17.0 

(372/2185) 

High risk residents,** % (n)  34.8 

(412/1185) 

 28.6 

(114/399) 

 26.7 

(181/678) 

Hip Fracture (prevalent), % (n)  7.0 

(230/3290) 

 5.0 

(68/1365) 

 5.0 

(109/2183) 

Vertebral Fracture (prevalent),  % 

(n) 

 1.4 

(46/3290) 

 0.8 

(11/1365) 

 0.9 

(20/2183) 

Osteoporosis diagnosis, % (n)  31.3 

(1030/3290) 

 26.3 

(359/1365) 

 27.8 

(607/2183) 
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High-risk, % (n)**  36.0 

(1185/3293) 

 29.2 

(399/1367) 

 31.0 

(678/2185) 

SD=standard deviation; *Includes residents in 12 intervention homes that participated in the intervention. **Hip 

fracture, spine fracture, or osteoporosis diagnosis. 
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Table 3. Effect of ViDOS Intervention on Prescribing Outcomes 

Outcome OR (95% CI) 

 Unadjusted Adjusted* 

ITT cohort   

Primary: Vitamin D (≥800 IU/day) 1.82 (1.12, 2.96) 1.85 (1.13, 3.06) 

Secondary: 

Calcium (≥500 mg/day) 

 

1.33 (1.01, 1.74) 

 

1.33 (1.01, 1.77) 

Osteoporosis Medication (high-risk residents)** 1.17 (0.91, 1.51) 1.12 (0.87, 1.44) 

Per Protocol cohort   

Primary: Vitamin D (≥800 IU/day) 3.06 (2.18, 4.29) 3.14 (2.22, 4.45) 

Secondary:   
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Calcium (≥500 mg/day) 1.57 (1.12, 2.21) 1.58 (1.11, 2.24) 

Osteoporosis Medication (high-risk residents) 1.20 (0.90, 1.60) (1.16 (0.87, 1.53) 

*Adjusted for age, sex and high-risk status (hip fracture, spine fracture, or osteoporosis diagnosis). 
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Figure 1. ViDOS Multifaceted Intervention. 
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Appendix: Action Plan Template 

Bone Health 

Protection Best 

Practices 

What has to 

happen? 

Who should be 

involved? 

What do you 

need? 

What are your 

next steps? 

Daily Vitamin D3 

800-2000 IU 

 

 

 

   

Daily calcium 

1200 mg 

Dietary+ supplement 

 

 

 

 

 

   

Bisphosphonate  

medications 
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Bone Health Protection Strategies Facilitators Barriers 

People 

 

  

Policy 

 

  

Procedures   

Processes 

 

  

Practice   

Promotion    
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CHAPTER 5 

Thesis Paper 4: Implementing a Knowledge Translation Intervention in 

Long-term Care: Feasibility Results from the Vitamin D and Osteoporosis 

Study (ViDOS)



PhD Thesis – C. Kennedy; McMaster University – Health Research Methodology 

143 

 

PREFACE TO CHAPTER 5 

Chapter 5 presents the feasibility results for the Vitamin D and Osteoporosis Study 

(ViDOS). This report highlights several important considerations including recruitment, 

retention, data completion and participation in the intervention 

The Vitamin D and Osteoporosis Study (ViDOS) trial received an operating grant from 

the Canadian Institutes of Health Research (Funding Reference Number: MOP-114982).  

Dr. Papaioannou was the Principal Investigator on this grant, and the student was the PhD 

trainee. The ViDOS study was conducted from 2009-2012.   

This work was conditionally accepted (pending minor suggested revisions) in February 

2014 to the Journal of the American Medical Directors Association. Upon final 

acceptance, a request will be made to the publisher of the journal to obtain permission to 

include copyright material.  

The student supervised the implementation and coordination of the ViDOS trial; 

conceived of the feasibility study; collected, analyzed, and interpreted the feasibility data; 

and drafted the manuscript. All authors contributed to the conception and design of the 

feasibility study and provided critical review of the manuscript.
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ABSTRACT 

Objectives: To evaluate the feasibility of implementing an interdisciplinary, multifaceted 

knowledge translation (KT) intervention within long-term care (LTC) and to identify any 

challenges that should be considered in designing future studies. 

Design: Cluster randomized controlled trial. 

Setting: 40 LTC homes across the province of Ontario, Canada.  

Participants: LTC teams comprised of physicians, nurses, pharmacists, and other staff. 

Measurements: Cluster-level feasibility measures including recruitment, retention, data 

completion and participation in the intervention. A process evaluation was completed by 

Directors of Care indicating which process/policy changes had been implemented. 

Results: Recruitment and retention rates were 22% and 63%, respectively. Good fidelity 

with the intervention was achieved, including attendance at educational meetings. After 

ViDOS, seven process indicators were being newly implemented by over 50% of active 

intervention homes. 

Conclusion: Despite recruitment and retention challenges, the multifaceted KT 

intervention produced a number of policy/process changes and had good intervention 

fidelity. 

Trial Registration: ClinicalTrials.gov NCT01398527.
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INTRODUCTION 

Despite increasing emphasis on implementing evidence-based care in long-term care 

(LTC) homes, there has been a distinct lack of implementation research [i.e., study of 

how to implement evidence-based practices (1)]. Given the impact that organizational 

context has on research implementation (2) and the unique characteristics of the LTC 

practice setting (3), it is imperative to evaluate knowledge translation (KT) strategies 

within this practice setting.  

We designed a pilot, cluster randomized trial (CRT) to evaluate the feasibility and 

effectiveness of a multifaceted KT intervention aimed at improving the uptake of 

appropriate vitamin D prescribing in LTC (the vitamin D and osteoporosis study; 

ViDOS). A CRT is a rigorous study design that can be applied within LTC homes (i.e., 

care is naturally provided in clusters), however CRTs have been underutilized in this 

setting (4). Thus, in this paper our objectives were 1) to evaluate the feasibility of 

implementing an interdisciplinary, multifaceted KT intervention within LTC using a CRT 

design, and 2) to identify any challenges that should be considered in the design of future 

studies.  
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METHODS 

Setting and Participants 

Further details of the ViDOS protocol are described elsewhere (5). The target audience 

was the Professional Advisory Committee (PAC) at each LTC facility including the 

Medical Director, Director of Care (DOC), pharmacist, dietician, and other physicians, 

nurses, and staff. LTC homes were located in Ontario, Canada and received medication 

services from Medical Pharmacies Group Limited, our partner pharmacy provider.  

Intervention 

The 12-month, multifaceted, KT intervention focused on both professional behaviour 

change and organizational process changes. Intervention homes participated in three, one-

hour, small-group, interactive educational meetings (months 1, 6 and 12) including a 

standardized presentation, 10-minute DVD, question and answer session, action planning 

for quality improvement, and audit and feedback review. Meetings were facilitated by one 

of six expert opinion leaders, who were physicians specializing in osteoporosis or 

geriatrics. Experts facilitated sessions in person (meeting one) or remotely; a study 

coordinator was on-site at the first two meetings. Educational materials (osteoporosis 

tool-kits; process checklists; treatment alerts) were also distributed. Control homes 

received tool-kits provided to all Ontario LTC homes 

(www.osteoporosislongtermcare.ca). 
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Measures  

Feasibility outcomes were recruitment, retention, data collection, and intervention fidelity 

(participation, identification of action items, audit and feedback review). LTC homes 

recorded falls and fractures for three 3-month periods (baseline, interim, and follow-up), 

based on based on electronic/paper-based charts, internal monitoring systems, and critical 

incident reports (5). DOCs completed process evaluations after 12-months indicating 

which processes/policy changes had been implemented. Target indicators of success were 

chosen a priori (Table 1). The study was approved by Hamilton Health 

Sciences/McMaster University Research Ethics Board. 
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RESULTS  

Forty LTC homes were randomized to control (n=21) or intervention (n=19) arms. 

Overall, 88% of homes were for-profit and 80% were affiliated with one of seven multi-

facility chains. The median facility size was 122 beds (min=43, max=375).  

Recruitment: Of 182 LTC homes approached for participation, 40 consented and were 

randomized into the study (22%). Of the excluded homes, n=125 declined to participate 

(e.g., lack of interest, competing demands), n=4 were participating in another study, and 

n=13 were municipal government homes who did not receive approval from internal 

ethics/regulatory boards. 

Retention: Seven intervention homes did not receive the intervention as allocated: 6 

withdrew prior to beginning the study and one withdrew after the first educational 

meeting. The main reasons for withdrawing active participation were due to logistical or 

scheduling difficulties (n=5; e.g., management changes; Medical Director rounds on 

weekends). In two homes, consent was initially provided by a representative but the 

Medical Director declined.  

Fidelity: A) Participation: The majority of study meetings were scheduled to coincide 

with a regularly scheduled PAC meeting. Overall, 164 participants from 12 active 

intervention homes attended at least one ViDOS educational meeting, including: Medical 

Directors (n=12), DOC/ADOCs (n=21), Administrators (n=15), pharmacists (n=10), other 

physicians (n=11), nurse practitioners (n=5), physician assistants (n=3), RNs (n=32), 

physiotherapists (n=10), Food Services Directors (n=8), dieticians (n=8), and other 
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(n=29). The Medical Director, DOC/ADOC, and consultant pharmacist attended at least 

two educational meetings in all homes (except for one home where the Nurse Practitioner 

attends PAC meetings instead of the Medical Director; Table 1). B) Action Planning: All 

active intervention homes (n=12) initiated at least 3 action items that either impacted 

process/policy (e.g., implemented standard admission orders for vitamin D), or were 

assigned to specific individuals (e.g., dietician reviewed dietary calcium intakes). All 

homes also identified several home-specific barriers (e.g., cost of vitamin D; 

osteoporosis/fractures not recorded in electronic records) and facilitators (e.g., posting 

audit and feedback reports around home; implementing falls/fractures check-list at 

admission).  C) Audit and Feedback Review: All active intervention homes reviewed 

audit and feedback reports at the three educational meetings.  

Data Completion: Complete falls/fracture data spreadsheets were returned for 18/21 

(86%) control homes and 11/12 (92%) of active intervention homes. A standardized data 

collection method was difficult as LTC homes had various systems in place to collect 

falls/fractures data.  

Policy/Process changes: After 12-months, all active intervention homes completed a 

Process Indicator Check-list. Seven process indicators were being newly implemented by 

over 50% of homes after participation in ViDOS (Table 2).  
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DISCUSSION 

Overall, the ViDOS KT intervention was successfully implemented and produced a 

number of policy/process changes. With the exception of recruitment and retention, we 

met or exceeded our a priori indicators of success (Table 1). Although not the focus of 

this paper, the intervention resulted in significant increases in appropriate vitamin D and 

calcium prescribing (6). 

Intervention fidelity is an important feasibility measure, allowing us to consider the 

"dose" of the KT intervention in which participants received. In our study, we had good 

compliance with all intervention components including action planning, audit and 

feedback review, and participation in educational meetings. Despite busy schedules, 

nearly all homes had a Medical Director, DOC/ADOC, and Consultant Pharmacist 

present for at least two sessions. Maximizing participation in educational sessions is 

critical for properly evaluating the effectiveness of an intervention. Similar studies in 

LTC likely underestimated the impact of an educational intervention due to poor 

adherence and not necessarily due to an ineffective strategy (7,8).  

Despite having our partner pharmacy provider act as a liaison in approaching homes, 

recruitment was one of our challenges. Gaining the support of corporate leaders within 

LTC chains was an important factor in encouraging participation amongst individual LTC 

homes. This was responsible for the high proportion of homes we recruited who were for-

profit and part of multi-facility chains. Further, several municipal homes faced additional 
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legal/ethics board hurdles that prevented their participation. A noted limitation, is whether 

our results are generalizable to non-profit, non-chain facilities.  

Six homes declined to actively participate prior to even beginning the intervention. To 

ensure cooperation by the entire team and avoid early withdrawal, a short presentation to 

the PAC team could potentially boost recruitment/retention. Obtaining initial consent 

from both the Medical Director and DOC may also be beneficial. Furthermore, to 

overcome logistical challenges, particularly for homes in the far north, providing an 

opportunity to view modules on a website or participate remotely may improve 

participation. Our return of data spreadsheets was reasonable (86-92%), however 

obtaining data took numerous reminders and it was difficult to follow-up on missing data 

fields. If falls/fractures were a primary outcome, trained research assistants would be 

necessary. A small incentive (gift certificates) were presented to the LTC staff who 

collected the data. 

In conclusion, although we faced some challenges with recruitment and retention, fidelity 

with the intervention was good and all components were considered feasible to deliver. 

LTC homes reported implementing several process/policy changes after participating in 

the study. 
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Table 1. Feasibility Results for the ViDOS RCT 

Measure Target  (%) Observed (%) Description 

Recruitment 

 

40 

 

22 

 

▪ Acceptance rate was low; took several months  

▪ Accomplished target sample size (n=40) 

Retention 80 63 ▪ 7 INT homes withdrew active participation.  

Participation 

 

 

80 

 

 

 

 

 

 

 

▪ Overall: n=164 participants from 12 active INT homes; 56% attended at 

least 2 meetings* 

Key roles:  

▪ ≥ 2 meetings: DOC/ADOC†/Pharmacist=100%; Medical Director†=92%  

▪ 3 meetings: DOC/ADOC†=83%; Pharmacist=92%; Medical 

Director†=25% 

Action Plans 80 100 ▪ Completed by all homes  

Feed-back 

Reports 

80 100 ▪ Reviewed at all INT sessions (months 0, 6, 12) 

Data Completion 80 86-92 ▪ All spreadsheets: 86% control/92% INT homes  

INT=intervention; *Excluding “other” (non-staff/visitors) †Due to role changes, may not have been the same person.
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Table 2. Percent of Osteoporosis/Fracture Prevention Best Practices Implemented 

Process Indicators Implemented 

after ViDOS 

Implemented 

before ViDOS 

Not done 

Admission orders  (vitamin D, calcium, bone health medications) 83 8 8 

Have 1-2 staff as Osteoporosis Champions 75 0 25 

Use “Medication Alerts” for vitamin D, calcium, bone health 

medications  

67 0 33 

Osteoporosis and fracture prevention are on agenda of 

Professional Advisory/Falls Prevention Committees 

58 33 8 

Use LTC-related knowledge resources – Toolkit, website, 

clinical guidelines, etc. 

58 25 17 

Dietary enhancements for residents with osteoporosis – using 

calcium & vitamin D enriched foods 

58 17 25 
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Staff receive osteoporosis/fracture prevention education annually 58 17 25 

Request on chest X-ray orders to rule out vertebral fractures 42 25 33 

Monitor for fracture risk at least quarterly 33 58 8 

Falls assessment includes fracture risk 33 58 8 

Residents at high risk for hip fracture from falls wearing hip 

protectors 

33 42 25 

Osteoporosis & fracture risk is part of physical assessment on 

admission (e.g., history of fracture) 

25 75 0 
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CHAPTER 6: CONCLUSION OF THE THESIS
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CONCLUSION OF THE THESIS 

This chapter provides an overview of the main findings presented in this thesis and 

considers the implications of these results. The strengths and weaknesses of the thesis 

studies and the directions for future research are also briefly reviewed.  

6.1 Calcium and Vitamin D 

Provincial Knowledge Translation (KT) Strategy 

The first paper considered the impact of the Ontario Osteoporosis Strategy for Long-term 

Care (LTC), a province-wide KT initiative to increase the uptake of evidence-based 

osteoporosis and fracture prevention strategies in Ontario LTC homes. Our primary 

objective was to examine osteoporosis-related prescribing trends before and after 

implementing this strategy (2007 versus 2012). Although it was not possible to infer any 

causal associations from this descriptive observational study, our results suggested a 

substantial uptake in widespread prescribing of vitamin D2 with an absolute increase of 

approximately 38% over five years.  

During this period, there was a non-significant increase in calcium prescribing of 

approximately 4%. However, one of our limitations was we could only examine 

supplement use and not dietary intake. This is an important consideration given that 

during the years of this study there was controversy surrounding calcium supplementation 

(1). Although calcium supplementation has a beneficial risk reduction for all fractures (2), 

                                                           

2The analysis excluded LTC homes that participated in the more intensive ViDOS 

knowledge translation study. 
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there has been some indication that it may increase hip fracture risk (3) and is associated 

with an increased risk of myocardial infarction (4, 5). The 2010 Osteoporosis Canada 

guidelines reflect these concerns, recommending that 1200 mg/day be achieved through 

both diet and supplementation (6). The Ontario Osteoporosis Strategy for LTC (7) 

recommended obtaining the 1200mg of calcium daily from diet, with a maximum of 

500mg of supplementation if residents are unable to consume enough from diet alone. 

Although our study could not examine this, it is possible there was a larger change in 

overall intake (i.e., including dietary intake) during this period, which would not have 

been reflected by examining supplement use only.  

Overall, the first thesis study indicated that widespread KT efforts likely contributed to 

the improvements in vitamin D and calcium prescribing, a relatively inexpensive and 

effective strategy for improving bone health in LTC residents.  Despite overall 

improvement in the cohort, some homes still had low rates of supplement prescribing 

indicating that more intensive KT efforts may be necessary for some LTC homes. A 

future strategy may consider targeting homes with low rates e.g., homes in the lowest 

quartile and consider implementing a more intensive KT intervention such as the ViDOS 

model. However, it is possible that the lower prescribing homes may have greater 

resistance to change even with more intensive KT efforts. 

ViDOS Multifaceted Interdisciplinary Intervention 

The second thesis study (Vitamin D and Osteoporosis Study (ViDOS); papers 2-4) was a 

more intensive KT approach that included expert-led interactive educational meetings, 

continuous quality improvement, and audit and feedback. Results indicated that the 
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ViDOS KT intervention significantly improved prescribing of vitamin D and calcium. In 

the intention to treat (ITT) cohort, the 12-month intervention resulted in an absolute 

improvement of 15% for vitamin D and 7 % for calcium prescribing, and effects were 

even greater when only active intervention homes were included (27% and 13%, 

respectively).  

In general, compared with acute care or community settings, there has been little enquiry 

regarding KT interventions in the LTC setting (8). This thesis study demonstrated that 

interventions for changing provider behaviour can be effectively applied with 

interdisciplinary LTC teams. The effect sizes we found in the ViDOS study, were similar 

or larger to those reported in Cochrane systematic reviews of KT interventions based 

mainly on studies conducted in non-LTC settings. Given that it is a tolerable, low-cost 

intervention that is recommended for all older adults, vitamin D may be particularly 

amenable to targeted change. 

6.2 Osteoporosis Medications 

In the impact evaluation of the Ontario Osteoporosis Strategy for LTC (paper 1), 

prescribing of osteoporosis medications did not appear to increase between 2007 and 

2012 and prescribing rates were reasonably similar between homes. We were not able to 

comment on the appropriateness of the prescribing rates, since we did not have access to 

information regarding the risk status of residents (i.e., documented osteoporosis or 

fractures).  
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Similarly, in the second project, the more intensive ViDOS intervention did not result in 

an improvement in osteoporosis medication prescribing in high-risk residents with 

documented osteoporosis or hip/vertebral fracture. Baseline rates of osteoporosis 

medication prescribing to high-risk residents were approximately 30%. The rate of overall 

osteoporosis prescribing (examining all residents and not just the high-risk sub-set) was 

very similar in both thesis studies at approximately 20%.  

Neither of the KT interventions (i.e., Ontario Osteoporosis Strategy for LTC; ViDOS) 

were associated with a significant improvement in osteoporosis medication prescribing, 

which may be attributable to two main factors: 1) Although some information regarding 

the management of osteoporosis and fractures with pharmacological therapy was 

provided, there was a greater emphasis on vitamin D and bone health process changes 

(e.g., assessment of fractures and osteoporosis); 2) As a recent survey of LTC family 

physicians documented (9), there are several barriers to fracture risk assessment and 

osteoporosis management in LTC including inapplicability of the 2010 Osteoporosis 

Canada guidelines (e.g., lack of access to BMD testing, difficulty acquiring information 

for risk assessment), and uncertainty regarding treating an elderly cohort with frequent 

polypharmacy, multiple comorbidity and shortened life-span. Improving upon 

osteoporosis medication prescribing will likely require a more targeted approach that 

includes providing support with assessing fracture risk and increased clarity regarding 

how to manage LTC patients. The latter component will, in part, be addressed by the 

upcoming publication of modified guidelines for LTC (Osteoporosis Management and 

Fracture Prevention for the Frail Elderly in LTC). 
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6.3 Directions for Future Research 

The results of the ViDOS study have informed the next phase of this research program, 

including a stepped wedge cluster randomized trial currently underway in 50 LTC homes 

across Ontario [Gaining Optimal Osteoporosis Assessments in Long-Term Care (GOAL) 

(10)]. Changes that resulted from our ViDOS pilot included streamlining our intervention 

to include expert involvement through video presentations, using pharmacists as 

champions in the recruitment and intervention delivery, and implementing chart audits to 

collect the required risk information and providing risk-based recommendations to 

practitioners.  

Future Large-Scale Trial 

Both the ViDOS and GOAL studies are focused on prescribing-related primary outcomes 

(vitamin D and osteoporosis medications, respectively), with falls and fracture data as 

secondary outcomes. We have already demonstrated that the ViDOS intervention is an 

effective and feasible model, and we are currently examining the feasibility and 

effectiveness of the GOAL study intervention. The lessons learned from these studies will 

pave the way for a future large scale study that is powered to detect fracture outcomes. 

However, in order to accomplish this objective, partnerships with government, funders, 

long-term care chains, and pharmacy providers is essential in order to recruit a large 

enough sample size. 

Factors That Drive Uptake in KT Interventions 

In the first paper, we examined several organizational factors that may have influenced 

prescribing, controlling for age and sex. There were no significant associations between 
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prescribing and chain status, profit status, or LTC home size, however we detected a 

small positive association between prescribing rates and both the number of prescribing 

physicians and community size.  

Given that facility characteristics did not adequately account for differences in 

prescribing between LTC homes, there is a need to consider other factors. There has been 

increased enquiry regarding the influence of contextual factors on knowledge uptake in 

all healthcare settings including LTC [e.g., Translating Research in Elder Care (11, 12)]. 

In one common KT framework (11), organizational context refers to characteristics of the 

healthcare setting including culture (e.g., beliefs, values, receptivity to change), 

leadership (e.g., style, effectiveness), evaluation (e.g., feed-back mechanisms) and 

resources (e.g., time, equipment, clinical skills). Successful integration of knowledge into 

practice is believed to be a function of the type/strength of evidence, contextual 

characteristics, and the way the process is facilitated (13). Indeed, in a recent acute care 

randomized trial, many contextual aspects mediated guideline implementation including 

team communication, organizational buy-in, interprofessional factors, and habituated 

ways of working (14). Contextual factors also substantially moderate the facilitation 

process (15).  

Future KT studies in LTC should consider using tools to evaluate context pre-and post-

intervention [e.g., (16)], as well as incorporating mixed methods and process evaluation 

in study designs to shed more light on the underlying mechanisms that are driving or 

inhibiting change. 
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Multifaceted Interventions Informed by Theory 

Both of the KT interventions in this thesis utilized several strategies to influence the 

transfer of knowledge to interdisciplinary LTC care teams. Although multifaceted 

approaches (i.e., an intervention that utilizes two or more strategies) have demonstrated 

some success (17), and are generally recommended, adding more strategies may not 

improve effect sizes and should be based on explicit rationale or theory for choosing the 

various components (18). Given potential additional costs and efforts associated with 

multifaceted interventions, another important area of research is to simultaneously 

compare various strategies (or combinations of various strategies). Furthermore, future 

research should consider what level of intensity (e.g., number of sessions) and modalities 

(e.g., in person, videoconference, expert versus non-expert) are most effective particularly 

given the resource intensity of scheduling the physician experts. Another area that has not 

been well studied, is determining what the optimal length (i.e., number of months) an 

intervention should be to effect change, and whether intervention length impacts upon 

lasting changes in practice and policy.  

Sustainability 

In the CIHR Knowledge to Action Cycle (KTA), sustainability is the final phase, 

referring to "the continued implementation of evidence over time (19)." Despite this 

intention, few studies have examined outcomes beyond one-year and the majority lack a 

framework for evaluating sustainability (20, 21). Many studies are focused on short-term 

outcomes and it has been difficult to confirm whether outcomes are sustained over the 

longer-term (22). Given that we have a reliable mechanism for collecting accurate 
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prescribing data (i.e., algorithms with the Medical Pharmacies database), we would be 

well positioned to conduct a long-term follow-up to examine whether prescribing changes 

were sustained for ViDOS participants and for the larger cohort of homes across the 

province. 

6.4 Strengths and Limitations 

The thesis studies presented here have several strengths. For both studies, our primary 

data were downloaded from a central pharmacy database at Medical Pharmacies (large 

pharmacy provider providing services to approximately one-third of all Ontario LTC 

homes). The accuracy of this data is excellent given that we could capture all medications 

and supplements prescribed to all residents in the target cohorts. In community settings, 

even if Ontario Drug Benefit (ODB; prescription data for Canadians over age 65) data is 

used, it is difficult to capture prescriptions that were not covered by the ODB program or 

additional supplements that may have been purchased. Algorithms were developed by 

systems analysts at Medical Pharmacies, in partnership with our research team, which 

captured all amounts of vitamin D and calcium prescribed, as well as all osteoporosis 

medications.  The benefits of using a single pharmacy database across both thesis studies 

strengthened comparisons in prescribing rates. Although it is possible that the Medical 

Pharmacies-serviced homes are different from other homes across the province, it is 

likely that our results were generalizable since we included homes that were 

geographically diverse and were located in communities of varied population sizes. 

The ViDOS study design had several strengths. We used a cluster, randomized controlled 

trial design which provides a rigorous evaluation of the cause-effect relation between the 
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intervention and outcome. Drawing on the CIHR KTA Cycle (19), the formal action 

planning sessions that occurred at educational meetings allowed the continuous 

assessment of barriers and facilitators to knowledge use. The interactive sessions also 

promoted teamwork and communication amongst interdisciplinary professionals, which is 

important given the interprofessional issues that often impact implementation studies 

(14).  As highlighted in the feasibility paper (paper 4), there was good compliance with 

all intervention components in the ViDOS study including action planning, audit and 

feedback review, and participation in educational meetings. Good attendance by 

interdisciplinary professionals who are typically off-site (Medical Directors, physicians, 

consultant pharmacists) was likely attributable to scheduling educational sessions in 

conjunction with regular PAC meetings. We ensured the applicability of our intervention 

to an LTC audience by pre-testing the format and content of sessions with a pilot LTC 

home. 

Several limitations of the thesis projects should be acknowledged. The first study was a 

descriptive, observational study comparing cohorts that were five-years apart. As such, 

we need to be cautious about inferring a causal relationship between the intervention and 

observed prescribing changes. Influences other than the Ontario Osteoporosis Strategy 

for LTC (e.g., increased media attention for vitamin D), may have been responsible, at 

least in part, for the prescribing change we observed. In that study, the 2007 cohort was 

limited to only ten LTC homes and for both cohort years we lacked a complete range of 

resident variables, particularly patient case-mix.  
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In the ViDOS study, despite having our partner pharmacy provider act as a liaison in 

approaching homes, recruitment was a challenge. Some municipal homes faced additional 

legal/ethics board hurdles that prevented their participation and we needed to leverage the 

support of corporate leadership at multi-facility chains to reach our recruitment target. 

These factors resulted in the higher proportion of homes that were for-profit (88%) and 

chain affiliated (80%) compared with provincial averages [approximately 57% and 49%, 

respectively (16, 17)]. This potentially impacts the generalizability of our results to non-

profit, non-chain homes. A strength of the first thesis study was that the 2012 cohort had a 

nearly identical proportion of for-profit, chain-affiliated homes as the provincial average. 

Obtaining accurate falls and fracture data is a problem that is faced by LTC researchers in 

general (23). Use of Resident Assessment Instrument - Minimum Data Set 2.0 (RAI-MDS 

2.0) reports (24) as a standardized method to collect incident falls and fracture data was 

not an option in the ViDOS study as many Ontario LTC homes had not yet implemented 

this system when the study began in 2009. Our feasibility data indicated that obtaining 

falls and fracture data from LTC homes directly required a lot of follow-up and was not a 

standardized approach. LTC homes indicated they used different methods to fill in the 

datasheets we provided (e.g., internal falls monitoring systems, electronic medical record 

reports, critical incident forms, auditing medical charts).   

There were also limitations in our ability to capture prevalent fracture and osteoporosis 

diagnosis data. We were able to access diagnosis data from the Medical Pharmacies 

database, however this data source was likely limited by "errors of omission" for two 

reasons: 1) Diagnoses added to this database are based on admission health assessments, 
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which we know often underestimate fracture history and osteoporosis diagnoses (25); 2) 

New diagnostic information is not frequently updated to the Medical Pharmacies system 

post-admission. However, when we compared our baseline estimates of hip fractures and 

osteoporosis diagnosis with a provincial report (using RAI-MDS 2.0 data), rates were 

reasonably similar (7). The report estimated rates of 25% and 7.9% for osteoporosis 

diagnosis and hip fractures, respectively, and in the ViDOS trial our rates were 

approximately 28% and 6%. 

To overcome limitations with collecting diagnostic, falls, and fracture data, a future large 

scale study that adequately identifies high-risk residents and is powered to detect fracture 

outcomes should utilize a standardized system such as RAI-MDS 2.0 (24) and/or consider 

acquiring data from government databases.  

6.5 Conclusion 

Overall, the implications of this project indicate that a broader, public health approach to 

KT (Ontario Osteoporosis Strategy for LTC) and a more intensive approach (ViDOS 

model) can lead to prescribing changes and improvements in bone health processes. 

While the second model is more resource intensive, our feasibility results indicated that a 

multifaceted, interdisciplinary KT approach is both achievable and effective. However, 

given that many homes also responded well to the less intensive Osteoporosis Strategy 

KT intervention, future efforts may consider blending these two types of KT to maximize 

resources and achieve important outcomes.  
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With the upcoming publication of adapted guidelines for LTC residents (Osteoporosis 

Management and Fracture Prevention for the Frail Elderly in LTC), we would be well 

positioned to implement a dissemination and evaluation plan that includes examining the 

success of various dissemination approaches and to potentially track fracture outcomes.  
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