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  RÉSUMÉ 
 Cette étude décrit les tendances de prescrire avant et après la mise en œuvre d'une stratégie provinciale visant 
à améliorer la prévention de l'ostéoporose et de la fracture dans les foyers de soins de longue durée (SLD) de 
l'Ontario. Les données ont été obtenues à partir d'une pharmacie qui a fourni pour 10 centres de SLD en 2007 
et 166 foyers en 2012. Nos analyses ont utilisés la régression linéaire multiple et pondérée pour examiner les 
changements dans les niveaux ou les taux de prescriptions dans les établissements pour la vitamine D, le calcium 
et les médicaments pour l'ostéoporose de 2007 à 2012. Après cinq ans, l'augmentation des taux estimés pour la 
prescription de vitamine D, calcium et les médicaments pour l'ostéoporose, respectivement, était de 38,2 pour cent, 
4 pour cent et 0,2 pour cent. Bien que l'étude n'a pas évalué la causalité, les résultats suggèrent que les activités à 
grande échelle dans le transfert des connaissances ont effectué des taux ameliorés de la prescription de vitamine D, 
bien que des efforts continus sont nécessaires pour cibler les foyers don’t les capacités de traduire les connaissances 
en pratique sont faibles.   

 ABSTRACT 
 This study described prescribing trends before and after implementing a provincial strategy aimed at improving 
osteoporosis and fracture prevention in Ontario long-term care (LTC) homes. 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 rates between 2007 and 
2012. After fi ve years, the estimated increase in vitamin D, calcium, and osteoporosis medication prescribing rates, 
respectively, was 38.2 per cent (95% confi dence interval [CI]: 29.0, 47.3;  p  < .001), 4.0 per cent (95% CI: –3.9, 12.0;  p  = .318), 
and 0.2 per cent (95% CI: –3.3, 3.7;  p  = .91). Although the study could not assess causality, fi ndings suggest that wide-scale 
knowledge translation activities successfully improved vitamin D prescribing rates, although ongoing efforts are needed 
to target homes with low uptake.  
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            An estimated 60 to 80 per cent of long-term care (LTC) 
residents have osteoporosis (Gloth & Simonson,  2008 ; 
Zimmerman et al.,  1999 ) and in Canada, it is estimated 
that the fracture rate for LTC residents is approxi-
mately two to four times that of similarly aged com-
munity-dwelling residents (Crilly, Tanner, Kloseck, & 
Chesworth,  2010 ). Combined with age-related losses 
in bone quantity and quality (Chen, Zhou, Fujita, 
Onozuka, & Kubo,  2013 ), the high prevalence of sarco-
penia (Landi et al.,  2012 ), frailty (Kanwar et al.,  2013 ) 
and falls (Norris, Walton, Patterson, Feightner, & the 
Canadian Task Force on Preventive Health Care,  2003 ) 
in LTC residents may synergistically increase suscepti-
bility for fractures (Ensrud et al.,  2007 ; Ensrud et al., 
 2009 ; Gielen et al.,  2012 ; Frisoli, Chaves, Ingham, & 
Fried,  2011 ). Furthermore, many LTC residents have 
sub-optimal vitamin D levels (Flicker et al.,  2003 ; Ioan-
nidis, Kennedy, Dykeman, Dudziak, & Papaioannou, 
 2012a ), which is associated with lower bone mineral 
density (Bischoff-Ferrari, Dietrich, Orav, & Dawson-
Hughes,  2004a ; Bischoff-Ferrari et al.,  2009 ; Hanley, 
Cranney, Jones, Whiting, & Leslie,  2010 ), decreased 
lower extremity function (Bischoff-Ferrari et al.,  2004b ; 
Dawson-Hughes,  2008 ), falls (Dawson-Hughes,  2008 ; 
Flicker et al.,  2003 ), and fractures (Bischoff-Ferrari, 
Giovannucci, Willett, Dietrich, & Dawson-Hughes, 
 2006 ; Cauley et al.,  2011 ; Holvik et al.,  2013 ; Looker & 
Mussolino,  2008 ). In a Canadian LTC study (Ioannidis, 
et al.,  2012a ), 54 per cent of all residents and 69 per cent 
of residents taking  ≤  400 IU/day had sub-optimal 
levels [25-hydroxyvitamin D (25(OH)D) < 75 nmol/L] 
for bone health (Hanley et al.,  2010 ). 

 In 2005, the Ontario Ministry of Health and LTC 
launched the Ontario Osteoporosis Strategy (Jaglal 
et al.,  2010 ; Osteoporosis Action Plan Committee, 
 2003 ). This ongoing, population-based, strategic action 
plan is targeted at improving osteoporosis prevention 
and care across all residents in Ontario, with the over-
all goal of reducing morbidity, mortality, and costs 
from osteoporosis-related fractures. Its fi ve main 
objectives are (a) health promotion; (b) access and 
appropriate utilization for bone mineral density testing; 
(c) targeted post-fracture care including improved 

assessment and treatment for osteoporosis; (d) pro-
fessional education; and (e) research and evaluation 
(Jaglal et al.,  2010 ; Osteoporosis Action Plan Committee, 
 2003 ). To accomplish and implement these objectives, 
several initiatives are targeted at distinct populations. 
In 2007, an LTC-focused component of this provin-
cial strategy was added (the remainder of the article 
focuses on that component, the Ontario Osteoporosis 
Strategy for LTC) .  

 The Ontario Osteoporosis Strategy for LTC has under-
taken a province-wide program of outreach activities 
to increase awareness about fracture prevention specif-
ically in LTC, with a focus on the importance of appro-
priate vitamin D and calcium intake, and on falls 
prevention. To date, knowledge translation activities 
have included (a) environmental scans, (b) systematic 
reviews, (c) barrier analysis, (d) creating and dissemi-
nating a 10-minute educational video and Fracture 
Prevention Toolkits, (e) launching a website ( www.
osteoporosislongtermcare.ca ), and (f) educational 
outreach (Ioannidis et al.,  2012a ; Ioannidis et al.,  2012b ; 
Kennedy et al.,  2011b ; Kennedy et al.,  2012a ;  2012b ; 
Lau et al.,  2010 ; Sawka, Ismaila, Cranney, et al., 2010; 
Sawka, Ismaila, Raina, et al., 2010). 

 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 
(Demontiero, Hermann, & Duque,  2011 ; Papaioannou 
et al.,  2010b ). For residents at highest risk of fractures, 
hip protectors and osteoporosis medications are options 
that should be considered (Sawka, Ismaila, Cranney, 
et al., 2010; Papaioannou et al.,  2010b ). Pharmacologic 
therapy is indicated for patients at (1) high absolute 
fracture risk (> 20% probability over 10 years) based 
on risk tools (Leslie et al.,  2010 ; Leslie et al.,  2011a ) and 
(2) individuals over age 50 with a hip or vertebral 
fracture or more than one fragility fracture (Papaioannou 
et al.,  2010b ). Several studies in Ontario (Giangregorio 
et al.,  2009 ; Ioannidis et al.,  2012a ) and other regions 
(Colon-Emeric et al.,  2007b ; Jachna, Shireman, Whittle, 
Ellerbeck, & Rigler,  2005 ; Kamel,  2007 ; Parikh, Avorn, & 
Solomon,  2009 ; Parikh, Mogun, Avorn, & Solomon,  2008 ; 
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Wright,  2007 ) 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 medications in a convenience sample of 
10 Ontario LTC homes. In 2012, we had access to pre-
scribing 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 osteo-
porosis medication prescribing rates before and after 
implementing the Ontario Osteoporosis Strategy for 
LTC. A secondary objective was to examine the associ-
ation 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.  

 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 (Ontario 
Ministry of Health and Long-Term Care,  2013 ).   

 Study Cohorts 

 Data for both cohort years (2007 and 2012) were obtained 
from Medical Pharmacies, a large pharmacy provider 
that provides medications, clinical support, and con-
sulting services to approximately one-third of all LTC 
homes in Ontario (> 40,000 residents). As outlined in 
 Figure 1 , in August 2007, de-identifi ed 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 down-
loaded for all Ontario LTC homes serviced by Medical 
Pharmacies ( n  = 206), excluding 40 homes that par-
ticipated in the Vitamin D and Osteoporosis Study 
(ViDOS). Briefl y, ViDOS was a pilot, cluster random-
ized trial examining the feasibility and effectiveness 
of a more intensive, multifaceted, knowledge transla-
tion intervention targeting fracture prevention in LTC 

(Kennedy et al.,  2012a ). Professional Advisory Commit-
tees (physicians, nurses, pharmacists, and other staff) 
at intervention homes participated in three small-group, 
interactive educational meetings over 12 months. Con-
tent 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.      

 Knowledge Translation Activities 
 Targeting LTC health care professionals (including 
medical, nursing, pharmacy, rehabilitation, and dietary), 
the Ontario Osteoporosis Strategy for LTC has imple-
mented 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 contin-
uous 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 – Ontario College of 
Family Physicians, Residents and Family Councils, 
Ontario Long Term Care Association, Ontario Asso-
ciation of Non-Profi t Homes & Services for Seniors, 
corporate multi-facility chains, provincial falls pre-
vention 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 
Strategy for LTC’s advisory council and have facili-
tated 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 Pre-
vention Toolkits were developed and delivered to all 
LTC homes in the province. The toolkits provide prac-
tical, evidence-based materials tailored specifi cally 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 was launched and promoted in all LTC homes 
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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 Osteopo-
rosis Strategy (including non-LTC) projects, building 
relationships, and disseminating information in the 
community and institutions (Jaglal et al.,  2010 ). 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.    

 Data Sources and Outcomes 

 Data were downloaded from a central pharmacy 
database that contained all residents' medication/
supplement orders. In 2007, we included the bisphos-
phonates etidronate, alendronate, and risedronate 
as osteoporosis medications. In 2012, we added more 
recently approved medications [i.e., zoledronic acid 
(November 2007), teriparidide (February 2010), and 
denosumab (August 2010)]. We calculated the total 
quantity of vitamin D (IU) and calcium (mg) consumed 
daily, which included multivitamins/minerals, and 
medications containing calcium and vitamin D. Daily 
values were derived from weekly and monthly formu-
lations. In 2012, validation checks were performed, 
comparing our program with a method that included 
manual identifi cation 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 (Papaioannou et al.,  2010b ), 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 (Lengyel, Whiting, & 
Zello,  2008 ), mean dietary intake was 600 mg/day 
( SD  = 261) for women and 780 mg/day ( SD  = 268) for 
men in LTC. Facility characteristics such as number 
of beds, profi t status, geographical location, and chain 
affi liation were collected from publicly available infor-
mation on the Health Ministry website.   

 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 profi t status, chain affi liation, 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. 

  

 Figure 1:      Flowchart of the study population    
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 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 con-
structed to describe the distribution of prescribing rates 
across LTC homes. The average change in facility-level 
prescribing rates between cohort years (2012 com-
pared to 2007) was determined using weighted mul-
tiple 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. 

 Correlates of prescribing were examined only for the 
2012 cohort, as additional resident and facility-level 
data were available. The generalized estimating equa-
tions technique (Hardin & Hilbe,  2003 ), assuming an 
exchangeable correlation structure, was used to exam-
ine the relationship between resident/facility char-
acteristics and prescribing rates. Facility-level variables 
included (a) home size (small: < 100; medium: 100–199: 
large  ≥  200 beds), (b) profi t status (for-profi t, municipal/
government, non-profi t), (c) chain affi liation (chain/
non-chain), (d) number of prescribing physicians per 
home, and (e) the population size of the community 
in which the home was located. 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 per cent CI’s. 

 All analyses were conducted separately for vitamin D, 
calcium, and osteoporosis medications using SAS 
Institute’s SAS version 9.1 and IBM SPSS Statistics 
version 20. The criterion for statistical signifi cance was 
alpha = 0.05. Ethics approval was received from the 
Hamilton Health Sciences/McMaster University Faculty 
of Health Sciences Research Ethics Board.    

 Results 
 The 2007 cohort was  n  = 2,098 residents living in 10 
LTC homes, and the 2012 cohort was  n  = 21,699 resi-
dents living in 166 LTC homes (see  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  < .05). The percentage of 
all residents taking vitamin D ( ≥  800 IU/day), calcium 
( ≥  500 mg/day), and osteoporosis medication, respec-
tively, was 31.3 per cent (34.9% of women; 25.8% of 
men), 26.2 per cent (31.1% of women; 16.8% of men), 
and 17.2 per cent (21.6% of women; 8.8% of men) in 
2007, and 59.4 per cent (63.2% of women; 50.4% of men), 
33.0 per cent (37.5% of women; 22.3% of men), and 18.1 
per cent (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 per cent (95% CI: 
29.0, 47.3;  p  < .001) for vitamin D and by 4.0 per cent 
(95% CI: = –3.9, 12.0;  p  = .318) for calcium, but the latter 
was not signifi cant. There was no signifi cant difference 
in osteoporosis medication prescribing rates between 
cohort years (0.2%, 95% CI: –3.3, 3.7;  p  = .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 to 55 per cent in 2007 and 23 to 95 per cent in 
2012. The prescribing rates of vitamin D for the middle 
50 per cent of homes (i.e., Q1, Q3) were 24 to 47 per 
cent in 2007 and 48 to 73 per cent in 2012.     

  Figure 2b  shows the spread in calcium ( ≥  500 mg/day) 
prescribing rates across LTC homes, ranging from 14 
to 43 per cent in 2007 and 2 to 78 per cent in 2012. 
The calcium prescribing rates for the middle 50 per cent 
of homes were 22 to 32 per cent in 2007 and 22 to 40 
per cent in 2012. 

 As displayed in  Figure 2c , compared with the supple-
ments, there appeared to be less dispersion in pre-
scribing 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 per cent in 2007 and 0–53 
per cent in 2012. Prescribing rates for the middle 50 per 
cent of homes were 10 to 23 per cent in 2007 and 13 to 
23 per cent in 2012. 

 Table 1:      Comparison of LTC home baseline characteristics for 
2007 and 2012 cohorts  

Characteristic  2007 2012 

 n  = 10  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 ) 209.8 (45.0) 130.7 (77.6)  a   
min, max 118, 286 16, 459 
Prescribers per home, 

mean ( SD ) 
NA 5.83 (3.82) 

For-profi t, % NA 56.6% 
Corporate chain affi liation, % NA 44.6% 
Community size (location of 

home), median 
NA 53,203 

(Q1, Q3) (7638, 507 096)  

        a        p  < .05  
  NA = data not available  
   SD  = standard deviation    
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 In 2012, we also examined the various types of osteo-
porosis medications prescribed. The percentage of all 
residents who received an osteoporosis medication, 
by sub-type, was 17.2 per cent bisphosphonate and 
0.9 per cent denosumab.   

 Correlates of Prescribing (2012) 
 We examined several facility-level (home size, profi t 
status, chain affi liation, number of prescribing physi-
cians, community population size) and resident-level 
variables (age and sex) in relation to prescribing rates. 
As displayed in  Table 3 , increasing age, number of phy-
sicians, and community size were positively associated 
with prescribing. Males were less likely to be prescribed 
osteoporosis supplements/medications. There were no 
signifi cant associations between prescribing and chain 
status, profi t status, or LTC home size.         

 Discussion 
 This study examined prescribing patterns before and 
after the initiation of a provincial knowledge transla-
tion strategy focused on improving fracture preven-
tion within Ontario LTC homes. Although we could 

not assess causality, our results suggest some improve-
ment 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 per cent, and by 2012 vitamin D ( ≥  800 IU/day) 
prescribing rates in the upper quartile of LTC homes 
were between 73 and 95 per cent ( 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-
specifi c barriers should be addressed. 

 We observed a four per cent non-signifi cant increase 
in calcium prescribing between 2007 and 2012; there 
appeared to be greater dispersion in facility prescribing 
rates for 2012 (see  Figure 2b ). We hypothesize that this 
spread may refl ect some of the uncertainty about the 
risks and benefi ts of calcium in light of publications 
reporting an increased risk of cardiovascular events 
associated with calcium supplementation (Bolland et al., 
 2010 ). Furthermore, in the 2010 Osteoporosis Canada 
clinical practice guidelines (Papaioannou et al.,  2010b ), 

 Table 2:      Change in facility-level prescribing rates from 2007 to 2012, per cent (95% CI)  

Prescribing Practice  Mean, Weighted Facility Prescribing Rates* Prescribing Change  a    

  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)  

        a       Weighted by the reciprocal of the error variance of facility prescribing rates and adjusted for age, sex, and facility size.    

  

 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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there is greater emphasis on obtaining calcium thru 
dietary means rather than through supplements. Few 
studies have reported on dietary calcium intake in LTC 
residents; however, one small Canadian study suggests 
that a 500 mg supplementation would be required for 
most LTC residents to meet the daily calcium target 
(Lengyel et al.,  2008 ). 

 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 
below 23 per cent and with the exception of outliers, 
all homes had prescribing rates below 34 per cent 
(see  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 medica-
tions for high-risk residents (Sawka, Ismaila, Raina, et al., 
2010; Wall et al.,  2013 ), but there is still a great deal 
of uncertainty regarding (1) the assessment of fracture 
risk (e.g., bone mineral density testing is diffi cult in 
LTC residents; Kennedy et al.,  2011b ; Kennedy et al., 
 2012a ; Wall et al.,  2013 ) and application of existent tools 
(Leslie, Berger, et al., 2011; Leslie, Lix, et al., 2011) may 
be impractical; (2) treatment benefi ts for LTC residents; 
and (3) knowing whom to treat, particularly residents 
at moderate fracture risk (Wall et al.,  2013 ). To address 
these practice-level barriers for managing osteoporosis 
and fractures in LTC, in early 2013 the Ontario Osteo-
porosis Strategy for LTC held a Canadian Institutes of 
Health Research (CIHR) consensus conference to adapt 

the 2010 Osteoporosis Canada clinical practice guide-
lines for frail elderly and LTC residents. Future knowl-
edge translation efforts will be aimed at disseminating 
these guidelines to LTC practitioners.     

 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 to 25 per cent of residents, 
many of whom were selected based on high-risk status, 
received an osteoporosis medication (Colon-Emeric 
et al., 2007; Jachna et al.,  2005 ; Parikh et al.,  2011 ; Parikh 
et al.,  2008 ). Several studies did not examine vitamin D 
and calcium use, as they utilized reimbursement 
databases, and supplements are not adequately cap-
tured. In a Canadian study based on 2005/2006 Res-
ident Assessment Instrument –Minimum Data Set 2.0 
data (RAI-MDS 2.0;  n  = 17 LTC homes in Ontario and 
Manitoba), approximately 27 per cent of high-risk 
residents (i.e., documented osteoporosis or fracture) 
were prescribed any calcium and vitamin D, with 6.5 
per cent and 3.6 per cent prescribed calcium or vitamin D, 
respectively, and 19 per cent prescribed a multivitamin 
(Giangregorio et al.,  2009 ). In American studies, Kamel 
( 2007 ) reported that fewer than 12 per cent of all resi-
dents received any calcium or vitamin D supplementa-
tion, and Gupta and Aronow ( 2003 ) reported that 57 
per cent of female residents received calcium and 32 
per cent vitamin D, but this included low-dose supple-
mentation (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 

 Table 3:      Associations between prescribing rates and resident/facility characteristics in 2012  

Characteristic  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 affi liation  a   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) 
Profi t status  
Municipal  c   1.10 (0.76, 1.59) 1.03 (0.71, 1.48) 0.96 (0.73, 1.28) 
Non-profi t  c   1.06 (0.71, 1.58) 1.35 (0.91, 2.02) 1.20 (0.92, 1.58)  

    Bolded estimates indicate signifi cance at alpha < 0.05.  
      a       Reference category is no chain affi liation.  
      b       Reference category is small (< 100 beds).  
      c       Reference category is for-profi t.    
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vitamin D. In Canadian studies (2009–2010 data), 
25 per cent to 45 per cent were taking calcium sup-
plementation and less than 35 per cent were taking 
vitamin D  ≥  800 IU/day (Ioannidis et al.,  2012a ; Viveky 
et al.,  2012 ). Similarly, in a recent American study based 
in an academic-affi liated LTC centre, 35 per cent of 
residents received vitamin D  ≥  800 IU/day prior to a 
quality improvement intervention (Yanamadala, Hefl in, 
White, & Buhr,  2012 ).   

 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 that in other 
studies (Colon-Emeric et al.,  2007b ; Parikh et al.,  2011 ), 
but the association with age is in contrast to fi ndings 
of another study, which found a reverse association 
with age in LTC residents with fractures (Parikh et al., 
 2011 ). When we examined facility-level variables, 
greater number of treating physicians per 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 admis-
sion orders for vitamin D and calcium (Kennedy et al., 
 2011b ). 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 commu-
nity size and calcium and osteoporosis prescribing 
(e.g., approximate six per cent increase in odds for a 
community of 1,000,000 versus 100,000). Chain status, 
profi t status, and LTC home size were not signifi cantly 
related to prescribing rates, which was similar to results 
in other studies examining osteoporosis management 
(Colon-Emeric et al.,  2007b ; Parikh et al.,  2011 ). 

 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 among facilities, and it is possible that varied 
case-mix was in part responsible for observed differ-
ences 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 (Colon-Emeric 
et al.,  2007b ; Parikh et al.,  2011 ), indicate that most facility 
characteristics are not associated with osteoporosis-
related prescribing. Similarly, studies examining var-
iation in anti-psychotic prescribing have reported that 

substantial inter-home variation remained after adjust-
ing for a range of facility and resident characteristics 
(Huybrechts et al.,  2012 ; Rochon,  2007 ). In contrast, 
studies examining non-prescribing quality measures – 
including restraint use, pressure ulcer prevalence, staff-
ing levels, complaints, and government regulatory 
measures – report that non-profi t versus for-profi t homes 
demonstrate higher quality of care (Comondore et al., 
 2009 ; McGregor et al.,  2005 ; McGregor et al.,  2011 ). 
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, staffi ng levels, 
and prescriber characteristics. Interestingly, research 
by Curtis et al. ( 2009 ) suggested that for osteoporosis 
medications, prescribing sub-cultures within individual 
LTC homes were not as infl uential as individual physi-
cian preferences. In a three-level model, the physician 
clustering effect was not signifi cant, and the authors 
emphasized the importance of targeting knowledge 
translation efforts at individual physicians. Similarly, a 
recent study in Ontario LTC homes indicated that pre-
scriber characteristics were more infl uential than resi-
dent characteristics in infl uencing antibiotic treatment 
courses (Daneman et al.,  2013 ).   

 Implications for Knowledge Translation 
 We are encouraged that adequate vitamin D and cal-
cium prescribing improved after implementing the 
Ontario Osteoporosis Strategy for LTC. It is possible 
that other factors contributed to the observed uptake, 
particularly these two: (1) increased media, societal, 
and academic attention regarding the benefi ts of vita-
min D; and (2) the publication of the updated Osteo-
porosis Canada clinical practice guidelines in 2010 
(Papaiannou et al., 2010). While these were likely con-
tributing factors, passive approaches to disseminating 
research evidence (e.g., publication of clinical guide-
lines, academic conferences) are not suffi cient to pro-
duce large practice changes (Grol & Grimshaw,  2003 ). 
For example, despite the publication and dissemina-
tion of Canadian osteoporosis guidelines in 2002 (Brown 
& Josse,  2002 ), a considerable osteoporosis care gap 
remained in both community-dwelling and institu-
tionalized cohorts (Leslie et al.,  2012 ; Giangregorio,  2006 ; 
Papaioannou et al.,  2004 ;  2008 ). Similarly, the benefi ts 
of calcium and vitamin D for LTC residents have been 
well known since Chapuy et al.’s ( 1992 ) widely cited 
publication, yet little uptake in their use occurred in 
the decade after the study was published (Kamel,  2007 ; 
Parikh et al.,  2008 ; Rojas-Fernandez, Lapane, MacKnight, 
& Howard,  2002 ). 

 Considerable knowledge translation efforts are required 
to make substantial improvements in health care prac-
tices. As Grol ( 2010 ) suggested:
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  For guidelines to have an impact on actual care, 
they need to be integrated with other quality 
improvement initiatives, such as performance mea-
surement 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 (Jaglal et al.,  2010 ) are taking important and 
necessary steps in translating research evidence into 
practice and policy via an integrated approach that 
involves multiple sectors including government, health 
care organizations, community agencies, patient asso-
ciations, researchers, and front-line professionals. 

 In addition to practice-level barriers to osteoporosis 
and fracture care [i.e., impracticality of bone mineral 
density testing, diffi culty in applying fracture risk 
assessment tools, uncertainty regarding benefi ts for 
LTC residents, and confusion regarding whom to 
treat] (Colon-Emeric et al.,  2004 ; Kennedy et al.,  2011b ; 
Kennedy et al.,  2012a ; Lau et al.,  2010 ; McKercher, 
Crilly, & Klosek,  2000 ; Sawka et al.,  2010b ; Wall et al., 
 2013 ), several organizational barriers also exist. These 
include (a) not including osteoporosis and fracture 
risk assessment as part of standardized processes 
(e.g., admission, quarterly reviews); (b) not capturing 
risk variables electronically; and (c) failure to incor-
porate preventative osteoporosis and fracture strat-
egies into formal care-plans (Colon-Emeric et al.,  2004 ; 
Colon-Emeric et al.,  2007a ; Kennedy et al.,  2011b ; 
Kennedy et al.,  2012a ; Kennedy et al.,  2013 ). Given the 
interdisciplinary, team-based approach to care in LTC 
facilities, it is imperative that knowledge translation 
efforts target both practice-level and organizational 
changes.    

 Strengths and Limitations 

 The strengths of this study include the use of a phar-
macy database that has a well-developed system for 
capturing vitamin D, calcium, and osteoporosis medi-
cation variables. Our sample of LTC homes, particularly 
in the smaller 2007 cohort, were subject to both sam-
pling bias (i.e., non-representative sample of homes) 
and sampling error (i.e., even with random sampling, 
potential differences between the sample and popula-
tion values). For both cohort years we lacked a com-
plete range of resident variables, 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 staffi ng ratios 
and prescriber characteristics. The benefi ts 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 (Kennedy et al.,  2011a ; 
Papaioannou et al.,  2010a ), 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 fi ve-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 
fi ndings suggest that wide-scale knowledge translation 
activities were successful in improving vitamin D pre-
scribing 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 osteo-
porosis and fractures in LTC. Ongoing knowledge 
translation activities should be aimed at disseminating 
these adapted 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 out-
comes, we are encouraged by the substantial uptake 
observed for vitamin D prescribing fi ve years after 
initiating the Ontario Osteoporosis Strategy for LTC. 
Future evaluations should also consider process changes 
and examine falls and fractures outcomes.    
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