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ABSTRACT
Introduction: Potentially inappropriate prescribing
(PIP) is frequent and problematic in older patients.
Identifying PIP is necessary to improve prescribing
quality; ideally, this should be performed at the
population level. Screening Tool of Older Persons’
potentially inappropriate Prescriptions/Screening Tool
to Alert doctors to Right Treatment (STOPP/START)
and Beers criteria were developed to identify PIP in
clinical settings and are useful at the individual patient
level; however, they are time-consuming and costly to
apply. Only a subset of these criteria is applicable to
routinely collected population-level health
administrative data (HAD) because the clinical
information necessary to implement these tools is
often missing from databases. The performance of
subsets of STOPP/START and Beers criteria in HAD
compared with clinical data from the same patients is
unknown; furthermore, the performance of the updated
2014 STOPP-START and 2012 Beers criteria compared
with one another is also unknown.
Methods and analysis: A cross-sectional study of
linked HAD and clinical data will be conducted to
validate the subsets of STOPP/START and Beers
criteria applicable to HAD by comparing their
performance when applied to clinical and HAD for the
same patients. Eligible patients will be 66 years and
over and recently admitted to 1 of 6 long-term care
facilities in Ottawa, Ontario. The target sample size is
275, but may be less if statistical significance can be
achieved sooner. Medication, diagnostic and clinical
data will be collected by a consultant pharmacist. The
main outcome measure is the proportion of PIP
missed by the subset of STOPP/START and Beers
criteria applied to HAD when compared with clinical
data.
Ethics and dissemination: The study was approved
by the Ottawa Health Services Network Research Ethics

Board, the Bruyère Continuing Care Research Ethics
Board and the ethics board of the City of Ottawa Long
Term Care Homes. Dissemination will occur via
publication, national and international conference
presentations, and exchanges with regional, provincial
and national stakeholders.
Trial registration number: NCT02523482.

INTRODUCTION
Background
Potentially inappropriate prescribing (PIP),
defined as the use of medicines whose poten-
tial harms may outweigh the benefits,1 or the
omission of potentially beneficial medica-
tion, is frequent and associated with signifi-
cant morbidity and mortality, particularly in
long-term care (LTC) residents and the frail
elderly. The elderly (aged 65 years and over)
are vulnerable to adverse drug events
(ADEs) due to the changes in physiology
that occur with increasing age and disease,2 3

and ADEs contribute significantly to emer-
gency department (ED) visits, unplanned
hospitalisations,4 and in-hospital morbidity
and mortality.5 A recent study showed that,
of 600 elderly residents admitted to hospital
for an acute illness, 25% of them had one or
more ADE prior to hospitalisation, of which
two-thirds had contributed to the hospitalisa-
tions.6 Of these events, 69% were deemed
avoidable.
The likelihood of PIP increases as people

are prescribed more drugs (referred to as
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polypharmacy) and it is often associated with increased
costs.7–9 A number of tools have been developed to iden-
tify PIP in clinical settings, including the STOPP/START
(Screening Tool of Older Persons’ potentially inappro-
priate Prescriptions/Screening Tool to Alert doctors to
Right Treatment) and the Beers criteria.10 11 According
to an overview of clinical medication assessment tools,12

an earlier version of the STOPP/START criteria11 13 was
considered ‘most promising’ compared with a number
of existing tools to identify PIP; however, like other clin-
ical tools, they are fairly time-consuming and therefore
expensive to use.

The STOPP/START criteria
The STOPP/START criteria were developed through
consensus by a team of geriatricians, pharmacists, phar-
macologists and primary care physicians, published in
200813 and updated in 2014.11 The STOPP criteria
includes drugs to avoid in the elderly, those that increase
risk of falls, drug–drug and drug–disease interactions,
and duplicate class prescriptions. The START criteria
include drugs that should be used in the elderly based
on evidence for impact.11 14–16 The 80 STOPP and 34
START criteria are grouped by physiological system (car-
diovascular system, central nervous system, etc), and
each criterion is accompanied by a brief rationale as to
why a particular medication or combination of medica-
tions is considered potentially inappropriate or
appropriate.11

The STOPP/START criteria were successfully applied
to patient profiles in a number of settings, including
primary care clinics, hospitals and nursing homes.14 17 18

They have been shown to significantly reduce PIP com-
pared with ‘usual care’ in a randomised controlled trial
of elderly hospitalised residents in whom the quality of
prescribing was assessed both at baseline and 6 months
after applying STOPP/START as the intervention to
improve prescribing practices.14 In a validating study,
screening medication with STOPP/START was associated
with less polypharmacy, fewer incorrect doses, and lower
potential drug–drug and drug–disease interactions.19

The STOPP-START criteria applied to health administrative
data
STOPP/START (2008 version) have also been applied to
prescription health administrative data (HAD), both
with and without diagnostic information, in different
countries.20–22 Cahir et al20 used a subset of STOPP cri-
teria (n=30) without diagnostic codes (which were not
available in the database used), and identified PIP in
HAD with a frequency comparable to other clinical
studies using the STOPP/START criteria. It has not yet
been shown how well the STOPP/START criteria applic-
able to HAD can identify PIP in HAD compared with
clinical data for the same patients.

The Beers criteria
Another long-standing tool to detect PIP are the Beers
criteria.1 10 23 24 The Beers criteria were the first explicit
criteria to be published23 and have become widely used,
particularly in the USA, where they originated.15

Originally developed for use in nursing home residents,
the criteria were modified three times, in 1997,24 20031

and 201210 and are now intended for use in all patients
above 65 years of age. Despite their popularity, the Beers
criteria have been criticised for including obsolete medi-
cations, as well as medications no longer available
outside the USA, particularly in Europe,6 8 though some
of these issues were addressed in the 2012 revision.10 25–27

The Beers criteria have also been criticised for not
being sufficiently inclusive of a number of common
instances of PIP.6 15 In particular, Beers only lists drugs
to avoid, but does not include other categories of PIP,
such as drug–drug and drug–disease interactions, drug
duplications or underuse and overuse of medications.15

Finally, higher scores on the Beers’ criteria have not
been shown to be associated with ADEs, discharge to a
higher level of care or increased in-hospital mortality.28

The 2012 Beers criteria update has made them more
similar to the STOPP/START criteria than prior itera-
tions. To our knowledge, the performance of the 2012
Beers criteria has not yet been compared with the
STOPP/START, which were themselves updated and
expanded in 2014.11

Evidence gaps to be filled
Detecting PIP using HAD at the level of whole popula-
tions could offer an advantage over the time-consuming
and expensive use of clinical tools at the patient level for
the same purpose. This is because these data have
already been collected and stored in a standardised way,
and it is possible to develop computer programs to
apply the medication appropriateness criteria to large
numbers of people, retrospectively looking at PIPs at the
population level to improve quality of prescribing. One
could also envision mobile point of care applications
that would caution against PIPs in real time.
Furthermore, because it transcends the level of the
patient, HAD may be used to identify which PIPs were
most common at the population level; this could be a
first step towards the development of targeted measures
for the improvement of prescribing quality.
Owing to the fact that some clinical information

necessary to determine the appropriateness of prescrip-
tions is missing from HAD, HAD-based tools for the
detection of PIP are likely to generally underestimate
the true prevalence of PIP in a population, though
there may be exceptions (see figure 1 for a graphical
illustration of the relationship between medication
assessment tools and data sources). In order to over-
come such shortcomings and apply HAD-based tools
with confidence, it is necessary to validate them by com-
paring their performance with that of clinical tools in
the same patients, using contemporaneous clinical and
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HAD data. To our knowledge, no such study of the most
promising clinical and HAD-based tools has been under-
taken to date. The present study will endeavour to do so;
this represents a unique opportunity to validate these
medication assessment tools in a robust manner.

Objectives
The overall aim of this study is to validate medication appro-
priateness criteria applicable to HAD by comparing their per-
formance when applied to clinical data. The present study
has two main and three secondary objectives (see figure
1 for details):
A. Main objectives:
Objective 1: To validate subsets of the STOPP/START

and Beers criteria defined by their applicability to HAD,
by comparing their performance in detecting PIP when
applied to HAD with that of the full set of criteria
applied to clinical data for the same residents (with the
clinical data providing the ‘gold standard’).
Objective 2: To compare the detection rates of the full

STOPP/START and full Beers criteria with one another
when applied to clinical data.
B. Secondary objectives:
Objective 3: To assess the number and proportion of

unidentified PIP when using the subset of STOPP/
START and Beers criteria with HAD when compared
with the full set of criteria, when applied to clinical data.
Objective 4: To compare the performance of the subset

of the STOPP/START and Beers criteria applied to the
HAD in detecting PIP when compared with clinical data
for the same residents.
Objective 5: To compare the performance of the subset

of STOPP/START and Beers criteria applicable to HAD
with one another when applied to HAD.

The resulting performance estimates for the subset of
criteria applicable to HAD will enable better estimates of
PIP prevalence at the population level; these may in
turn help guide policy makers and clinicians in the
development of interventions and other measures to
monitor and improve the quality of prescribing, particu-
larly in the elderly.

METHODS AND ANALYSIS
Study design
We will conduct a comparative cross-sectional study by
linking prospectively collected clinical data and HAD for
the same patients. More specifically, we will assess
patients’ medication and diagnoses immediately prior to
admission to a LTC facility. We will use HAD housed at
the Institute for Clinical Evaluative Sciences (ICES), an
independent, non-profit organisation funded by
Ontario’s Ministry of Health and Long-Term Care. ICES
databases contain information on hospital and outpatient
use of health services, demographic data, and socio-
economic data for over 13 million Ontarians. For patients
above 65 years of age who live in Ontario and have a valid
health card number, ICES data also contain information
about all medication dispensed under the Ontario Drug
Benefit (ODB) programme.29 Clinical data will be col-
lected from patients newly admitted to one of six long-
term care (LTC) facilities in Ottawa, Ontario, Canada.

Participants
Inclusion criteria. All Ontario Health Insurance Plan
(OHIP)-eligible patients who are newly admitted to LTC,
convalescent or respite care at the participating care
facilities and who are aged 66 years and over at the time
of admission will be eligible for participation in the

Figure 1 Relation between

medication assessment tools,

data sources and study

objectives. PIP, potentially

inappropriate prescribing;

STOPP/START, Screening Tool

of Older Persons’ potentially

inappropriate Prescriptions/

Screening Tool to Alert doctors to

Right Treatment.
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study. Informed consent will be obtained from the LTC
resident or their substitute decision maker. We will
attempt to recruit all patients admitted to the participat-
ing LTC facilities during the accrual period; however,
convalescent care and respite residents may not all be
captured based on the particular admissions processes
of one of the facilities.
Accrual period. The accrual period began in June 2014

and will continue until a sample size of 275 residents is
accrued, or statistical significance is reached in interim
analyses (see ‘Statistical analyses’ section below for
details of sample size calculation). Based on available
estimates of admission rates, this should take approxi-
mately 15–18 months. An overview of the study partici-
pant selection process is shown in figure 2.
Exclusion criteria. Residents will be excluded if they

decline to participate, or if their substitute decision maker
declines participation on their behalf. Residents will be
excluded if they do not have a valid OHIP number.
Residents residing in Ontario whose healthcare is covered
through other plans, and are therefore not captured
through ICES data, such as First Nations people living on
reserve, members of the Armed Forces and refugee clai-
mants, will also be excluded. Residents will also be
excluded if they are not prescribed any medications.

Data sets
This study will be conducted using Ontario administra-
tive health databases housed at the ICES, which will be

accessed from the ICES@uOttawa site. ICES is an inde-
pendent, non-profit organisation whose infrastructure
funding and access to Ontario’s large administrative
databases is provided by the Ontario Ministry of Health
and Long-Term Care. ICES links de-identified
population-based health information at the resident
level in a way that ensures privacy and confidentiality of
residents. ICES is named as a section 45(1) Prescribed
Entity in Ontario’s Personal Health Information
Protection Act (PHIPA). Review, audit and approval of
ICES’ policies, practices and procedures related to data
privacy and security are performed triannually by the
Information and Privacy Commissioner of Ontario
(IPC). This approval/review document is available at
http://www.ipc.on.ca. All of these data sets are linked
using a resident-specific encrypted identifier. This
linkage is deterministic and does not require any prob-
abilistic methods.
This study will use the following five data sets30 31 with

which the clinical data will be linked.
Registered Persons Database: The Registered Persons

Database (RPDB) records the birth date and death date
(if applicable) of every person eligible for Ontario
health services.31

Ontario Drug Benefits Claims Database: The ODB pro-
gramme provides drug benefits for all adults aged
65 years and over living in Ontario with a valid health
card number, as well as those receiving social assistance
in Ontario. The dispensing pharmacist submits a claim
for each prescribed drug that is covered under the ODB
formulary. There are over 50 million drug claims per
year. The main data elements of the Ontario Drug
Benefits Database include: ICES Key Number (IKN—

anonymously linkable to other individual-level data hold-
ings), Drug Identification Number (DIN); drug quantity,
number of days supplied (can be used to compute daily
dose), cost (split into its elements), LTC indicator, the
plan that prescription falls under (such as Seniors,
Trillium, Ontario Works, etc), dispensing date, resident
and prescriber identifiers (encrypted). ICES also main-
tains a list of drug identification numbers and the asso-
ciated drug and product names, subclass information,
Pharmacologic-therapeutic Classification Group (PCG)
codes, drug strength, route of administration, first and
last dispensing dates from ODB.31

Discharge Abstract Database: The Discharge Abstract
Database (DAD) captures all acute care hospitalisations
in Ontario back to 1988. Each row in the DAD records
demographic, diagnostic, procedural, and treatment
information for a single hospitalisation.31

National Ambulatory Care Reporting System: National
Ambulatory Care Reporting System (NACRS) captures
all hospital ED visits back to 2002. Similar to DAD, each
row records demographic, diagnostic, procedural and
treatment information for a single emergency room
visit.31

OHIP database: The OHIP database captures most
claims paid by the OHIP. Each row in the OHIP

Figure 2 Study participant selection process (LTC, long-term

process).
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database records the resident, physician and diagnosis/
procedure being claimed for remuneration.31

The RPDB will be used to create the cohort of eligible
Ontarians; for these patients, we will use the ODB to
identify all prescriptions during the study period. The
DAD, OHIP and NACRS data sets will be used for HAD
disease ascertainment in order to implement the drug–
disease interactions specified in the STOPP/START and
Beers criteria.

Clinical data collection
Clinical data collected for each study participant, via
resident admission records at the LTC facilities, will
include results of laboratory and imaging tests per-
formed at or shortly before or after admission (eg, gly-
cated haemoglobin, estimated glomerular filtration rate,
serum creatinine, lipid profile (low-density lipoprotein,
high-density lipoprotein (HDL), total cholesterol (TC),
triglycerides (HDL:TC)), mineral bone density; a list of
diagnoses; a list of the resident’s current medications at
the time of admission; and recent blood pressure, heart
rate, weight and height measurements. Table 1 shows
the patient characteristics of the final study group.
Personal information, including first and last name, date
of birth, Ontario health card number and sex will be
obtained in order to enable linkage to HAD housed at
ICES. This clinical and personal information will be col-
lected by a consultant pharmacist, who is not otherwise
involved in the care of the residents. This pharmacist
will also assess the residents’ medication for PIP using
the STOPP/START criteria, Beers 2012 criteria and
their subsets applicable to HAD (see figure 1). The data
collection spreadsheet used for assessment of residents’
clinical data is provided as online supplementary appen-
dix B (downloadable Excel spreadsheet). We estimate
that the consultant pharmacist will require approxi-
mately 1.5 h per resident to complete the data collection
spreadsheet and to apply the medication assessment
tools.

Coding of STOPP/START and Beers criteria for use with
HAD
The subset of STOPP/START and Beers criteria amen-
able to use with HAD were coded into a format applic-
able to ICES data by three of the co-authors (LMB, RH,
CC), and a manuscript describing the coding process
and outcome in detail is currently in preparation for
publication.

Statistical analysis
We will conduct a series of pairwise comparisons for the
difference of two proportions (McNemar test32) in
order to address each of our objectives (see figure 1 and
table 3). We will also compare the absolute number of
PIP identified using the different sets of criteria for each
patient (table 2). We will look at the percentage of resi-
dents where one or more PIP was identified, as well as
the frequency distribution of the number of PIP

detected per resident using the different sets of criteria
(figure 3). The ‘skeleton’ tables and figures of expected
results are shown in tables 2 and 3, and figure 3.

Sample size and resultant accrual period
For purposes of sample size calculation, we assumed that
the subset of STOPP/START criteria applied to HAD
will not identify a resident with one or more PIP 10% of
the time when compared with the subset of STOPP/
START criteria applied to clinical data, our gold stand-
ard. This is intended to be a conservative estimate,
based on indirect evidence indicating that the subset of
STOPP/START criteria (V.2008) applied to HAD yields
rates of PIP similar to those from clinical studies.20 We

Table 1 Patient characteristics of final study group

Patient characteristics N Total (%)

Gender

Male

Female

Age (years)

66–70

71–75

76–80

81–85

>85

Patient origin

Community

Hospital

Retirement home

Median age –

Clinical parameters/ Median value Range

Blood pressure

Heart rate

Weight

Height

BMI

eGFR

HbA1c

Serum creatinine

Electrolytes

Na

K

Ca

TSH

Vitamin B12

Lipid profile

LDL

HDL

TC

TC:HDL

TG

Bone mineral density

BMI, body mass index; eGFR, estimated glomerular filtration rate;
HbAIc, glycated haemoglobin; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; TC, total cholesterol; TG, triglycerides;
TSH, thyroid-stimulating hormone.

Bjerre LM, et al. BMJ Open 2015;5:e009715. doi:10.1136/bmjopen-2015-009715 5

Open Access



Table 2 Number of PIP detected by different medication assessment tools as a function of data type (number of patients (n) is the same for all tools)

Data type Clinical data Health administrative data

Medication

assessment tools

Number

of PIP

Number of

PIP/patient

Percentage of PIP

(actual/maximum)*

Percentage of

patients with one

or more PIP†

Number

of PIP

Number of

PIP/patient

Percentage of PIP

(actual/maximum)*

Percentage of

patients with one

or more PIP

Full STOPP/START

2014

Subset of STOPP/

START HA data

Subset of STOPP/

START clinical data

Full Beers 2012

Subset of Beers

2012

HA data

Subset of Beers

2012 clinical data

*Percentage of PIP=(actual number of PIP/maximum possible number of PIP)×100=(number of PIP×100)/(number of criteria×number of patients).
†Percentage of patients with one or more PIP=number of patients with one or more PIP×100/total number of patients.
HA, health administrative; PIP, potentially inappropriate prescribing; STOPP/START, Screening Tool of Older Persons’ potentially inappropriate Prescriptions/Screening Tool to Alert doctors to
Right Treatment.

Table 3 Comparative performance of PIP assessment tools relative to each other

Full STOPP/

START 2014

Subset of STOPP/

START HA data

Subset of STOPP/

START clinical data Full Beers 2012

Subset of Beers

2012 HA data

Subset of Beers

2012 clinical data

Full STOPP/START 2014 0% * * * * *

Subset of STOPP/START HA data Objective 1† 0% * * * *

Subset of STOPP/START clinical data Objective 3 Objective 4 0% * * *

Full Beers 2012 Objective 2 NA NA 0% * *

Subset of Beers 2012 HA data NA Objective 5 NA Objective 1 0% *

Subset of Beers 2012 clinical data NA NA NA Objective 3 Objective 4 0%

†Difference in percentage of PIP will be calculated pairwise for each objective, using percentage of PIP for each tool from table 2. NA indicates that a particular pairwise comparison is not an
objective of this study.
NA, not applicable; PIP, potentially inappropriate prescribing; STOPP/START, Screening Tool of Older Persons’ potentially inappropriate Prescriptions/Screening Tool to Alert doctors to Right
Treatment.
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need to recruit 256 residents to identify a significant dif-
ference in PIP identification rate (this sample size was
calculated based on the McNemar χ2 calculation for
matched proportions).32 33 We will oversample to 275
residents, to take into account missing data that may
cause a resident’s record to be unusable. We will
perform interim analyses at 50, 100, 150, 200 and 250
residents. Should the interim analyses demonstrate statis-
tically significant differences in our main outcome, the
study will be stopped prematurely.
Approximately, 27 LTC residents, plus an additional 21

convalescent care and respite residents (who may be diffi-
cult to capture), are admitted to the participating LTC
facilities each month. It is assumed that some residents
will not choose to participate in the study. Additionally,
we are not including convalescent and respite residents
in our accrual time estimate due to potential administra-
tive recruiting difficulties. Therefore, based on a monthly
estimate of 27 admissions and an estimate that roughly
67% of residents will consent, we expect that it will take
approximately 15 months to accrue the necessary
number of residents. If we succeed in recruiting convales-
cent and respite residents, the accrual process may be
completed in less time than conservatively estimated.

ETHICS AND DISSEMINATION
We have obtained ethical approval from the Bruyère
Research Ethics Board, the Ottawa Health Science
Network Research Ethics Board, and the ethics board of
the City of Ottawa Long Term Care Homes (see online
supplementary appendix A).
Consent to participate in the study will be obtained in

a two-step process. On admission to one of the partici-
pating LTC facilities, residents or their substitute deci-
sion makers will be asked by a research assistant whether

they agree to be contacted concerning possible partici-
pation in a research study. If they respond in the affirma-
tive by way of a completed ‘Willingness to be Contacted’
form, residents or their substitute decision maker will be
contacted by a research assistant, who will offer to tell
them about the study either over the phone or in
person. The resident or their substitute decision maker
will be provided with information about the study,
including its funder and its goals, in the language of
their choice (French or English), in order to be able to
make an informed decision about participation. If in
person, a consent form requiring the resident’s signa-
ture or that of their substitute decision maker will also
be provided, otherwise verbal consent will be obtained
over the phone.
Once consent has been obtained, the consultant

pharmacist will be contacted, will travel to the LTC facil-
ity, and will extract the data from the resident’s admis-
sion chart. In rare cases, the pharmacist may need to
contact the resident or their substitute decision maker
to clarify certain points of information, but in general,
no such contact should be necessary.
The consultant pharmacist will collect the information

onsite at the resident’s LTC facility, and will enter the
information into a data collection spreadsheet on an
encrypted laptop. Hard copies (ie, paper) of documents
containing resident clinical and/or personal data will
not leave the facility, and will either be returned to the
staff providing the documents to the consultant pharma-
cist, or if they are copies made specifically for the con-
sultant pharmacist, they will be destroyed (shredded)
confidentially after use at the facility.
Residents or their substitute decision maker may elect

to discontinue the resident’s involvement in the study at
any time.

Dissemination plan
We expect that the results of this study, which will help
establish which set of criteria are most applicable for the
Canadian setting, will be of interest to a wide range of
individuals and groups, including healthcare policy
makers, national and provincial professional associations
and licensing bodies, clinicians, healthcare consumer
organisations, and members of the public. We expect the
study to have some international appeal due to the inclu-
sion of the Beers 2012 update, as to the best of our knowl-
edge, this version of the Beers criteria has not been
compared with the 2014 version of the STOPP/START
criteria before. Several avenues of dissemination will be
followed. Throughout the study, we will engage with LTC
policy makers at Ontario’s Ministry of Health and
Long-Term Care, through the Bruyère Centre for
Learning Research and Innovation in Long-Term Care
(CLRI). We will be working with a knowledge broker
from CLRI; she will meet with our team to help us with
our dissemination plan. In addition, CLRI will be hosting
a large conference in the Fall of 2015, where we intend to
provide preliminary results. For end-of-study knowledge

Figure 3 Frequency distribution of PIP by medication

assessment tool. PIP, potentially inappropriate prescribing;

STOPP/START, Screening Tool of Older Persons’ potentially

inappropriate Prescriptions/Screening Tool to Alert doctors to

Right Treatment.
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dissemination, we intend to publish in medical, health
services research and/or public health journals. More
importantly, we plan to present and discuss the results
of our study with relevant stakeholders, such as the
Ontario Ministry of Health and Long-Term Care, the
Ontario Long Term Care Physicians Association, Ontario
Pharmacists Association (who have a Long-Term Care
Working Group), the Ontario College of Physicians and
Surgeons, Canadian Pharmacists Association and Local
Health Integration Networks (LHIN). We will also tap
into our own professional networks, among others by dis-
seminating our results via the Ottawa Rational
Therapeutics and Medication Policy Research Group’s
website (currently under preparation). We will encourage
presentation of our work at healthcare and discipline-
based conferences, particularly those focusing on LTC,
drug safety and primary care. We will also use our infor-
mal networks to disseminate our findings regionally,
nationally and internationally.
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