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Abstract

Objective The aim of this study was to determine the health system costs from hospitalizations, emergency department
(ED) visits, and medications due to potentially inappropriate prescribing (PIP) in Ontario, Canada, at the population-level.
Methods A retrospective cohort of individuals > 66 years of age and prescribed at least one medication from April 2002 to March
2015 was identified using linked population-level health administrative databases from Ontario, Canada. Patients were identified as
having PIP or no PIP by applying a subset of the Screening Tool of Older Persons’ Potentially Inappropriate Prescribing/Screening
Tool to Alert Doctors to Right Treatment (STOPP/START) criteria. The number of days spent in hospital, new medications pre-
scribed, and ED visits in the 90 days following PIP or patient index date were captured, as well as the total costs from each of these
health services. Count regression models were used to generate incidence rate ratios (IRRs) for each outcome given the presence
of PIP versus no PIP and combined with the prevalence of PIP to generate population attributable fractions (PAFs). The PAF was
then multiplied by the cost for each health service to obtain the costs attributable to PIP in the whole cohort, and by age and sex.
Results PIP was associated with an increased rate of hospitalization (IRR 2.77, 95% confidence interval [CI] 2.72-2.82),
ED visits (IRR 1.87, 95% CI 1.82-1.92), and newly prescribed medications (IRR 1.13,95% CI 1.13-1.14), resulting in PAFs
of 55.7,37.9, and 5.0% for each outcome, respectively. PIP was associated with 38.8% of the total spent on these healthcare
services ($1.22 billion) in the 90 days after PIP. Costs attributable to PIP decreased with age despite increasing prevalence.
Conclusions PIP in older adults is a significant source of health system costs from healthcare service use beyond medica-
tion costs, with a significant portion of hospitalizations and ED visit costs attributable to PIP. Future work should focus on
identifying strategies and priorities for intervention.
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1 Introduction

Potentially inappropriate prescribing (PIP) describes the
occurrence of prescribing practices that may increase a
patient’s risk for adverse health outcomes, given safer, more
effective treatment options are available for a particular indica-
tion, or simply where the risks of therapy outweigh the benefits
[1]. As a result, medication appropriateness in older persons
is an important priority due to the potential for adverse drug
events, increased morbidity, unplanned hospitalizations [2],
emergency department (ED) visits [3] and mortality. In order
to avoid negative outcomes such as these as a result of PIP,
criteria have been developed, including the Screening Tool of
Older Persons’ Potentially Inappropriate Prescribing/Screen-
ing Tool to Alert Doctors to Right Treatment (STOPP/START)
[4] and the Beers criteria [5], to help clinicians identify PIP
in clinical settings and improve medication appropriateness.

Recently, subsets of both the STOPP/START and
Beers criteria codable in large health administrative data-
bases (HAD) have been applied to such data in Ontario
housed at the ICES [6]. Through this initiative, the preva-
lence of PIP and its association with ED visits, hospitali-
zation and mortality was identified. Instances of PIP were
found to be frequent and were associated with all three of
these outcomes [7]. Still, little is known about the health
system costs associated with PIP at the population-level.

Previous studies have identified significant medica-
tion costs associated with PIP [8—10], while others have
assessed the health system costs of specific PIP criterion
[11]; however, to our knowledge, none have assessed the
health system costs from ED visits and hospitalization due
to PIP overall at the population-level. Contextualizing the
health system cost burden of PIP, in conjunction with what
we know about their association with health outcomes, may
help inform policy discussions around the improvement of
prescribing quality and medication appropriateness. They
may also provide further evidence to various stakeholders
to support the implementation of interventions at the health
system level to support the broad improvement of medica-
tion appropriateness.

The aim of this study was to determine the health system
costs from hospitalizations, ED visits, and newly prescribed
medications due to PIP in Ontario, Canada, at the population-
level. We also aimed to assess whether these costs differed
between men and women, or between age groups.

2 Methods

The methods for this study, as well as their rationale, have
been described extensively elsewhere in a study protocol
[12]. As such, the methods are summarized below and fol-
low the RECORD checklist [13]. This study was approved
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by the Institutional Review Board at Sunnybrook Health Sci-
ences Centre, Toronto, ON, Canada.

2.1 Study Design

A population-based, retrospective cohort study design was
used, spanning from 1 April 2002 to 31 March 2015. The
patient accrual period was from 1 April 2003 to 31 Decem-
ber 2014, allowing for a 1-year lookback period for prior
health services utilization and baseline covariates, as well
as a 90-day follow-up period after the last possible PIP to
allow time for identification of outcomes.

2.2 Data Sources

This study leveraged population-level health administrative
datasets from Ontario housed at ICES [14, 15]. These data-
sets allowed for the linking of demographic, socioeconomic,
hospital and outpatient health services, physician billing
datasets, and prescription dispensation to all Ontarians aged
65 years or older with Ontario Health Insurance Plan (OHIP)
coverage [16]. The following datasets were linked to gather
desired exposure, outcome and covariate data necessary for
analyses: Ontario Drug Benefits Claims Database (ODBD),
Discharge Abstract Database (DAD), Same Day Surgery
Database (SDS), National Ambulatory Care Reporting
System (NACRS), OHIP database, and Registered Persons
Database (RPDB) [17]. These datasets were linked using
unique encoded identifiers and analyzed at ICES.

2.3 Participants

All Ontario residents aged 66 years of age or older with
valid Ontario Drug Benefit coverage (approximately 97%
of Ontario seniors) and dispensed at least one prescription
during the accrual period were eligible for the study. Patients
aged 66 years or older were included to ensure 1-year look-
back data, which were used to measure pre-medical history.

2.4 Exposure

The exposure of interest was the first occurrence of any PIP
(yes/no) identified using health administrative data. Partici-
pants could experience multiple first PIPs from different cri-
terion on the same day, although this only had bearing on the
medication outcome models and certain sensitivity analyses,
which are further described below. PIP were identified via
the application of a subset of STOPP/START criteria, listed
in Supplementary Appendix 1, applicable to health admin-
istrative databases [6]. This subset of criteria was coded into
a format applicable to ICES-housed health administrative
data using a combination of medication, diagnostic (i.e.
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International Classification of Diseases), healthcare services
utilization and physician billing codes. The coding process
is described in detail elsewhere [6].

2.4.1 Assignment of Time to Potentially Inappropriate
Prescribing (PIP) for Unexposed Patients

To compare the outcomes of interest in participants with
and without PIP, the index date in participants without PIP
was treated as missing at random. We randomly assigned
an index date to participants without PIP so that they would
have comparable lookback and observation windows for
covariate and outcome ascertainment, respectively.

Parametric survival analysis using a variety of distribu-
tions (i.e. normal, logistic, log-normal, log-logistic, expo-
nential, gamma, Weibull) was conducted on participants who
experienced PIP, to characterize their time-to-PIP, defined
as the time from their accrual into the cohort until the time
of the occurrence of their first PIP. Models were stratified
by sex and median age during cohort participation, accord-
ing to the following categories: 66—70 years, 71-75 years,
76-80 years, 81-85 years, 86—-90 years, and over 90 years.
The distribution, shape and scale parameters from the best-
fitting models were then used with the random number func-
tion in SAS [18] in order to randomly assign a time-to-PIP
to participants without PIP, based on their age and sex. This
was then converted to an index date by adding the time-to-
PIP to the participant’s accrual date. Participants assigned an
index date that fell beyond the end of their follow-up period
were excluded from analyses, while all participants, with or
without PIP, who had an observation window smaller than
90 days were excluded from all analyses. Distribution of the
time-to-index date between participants with and without
PIP was assessed following the imputation process using a
visual check of distributions, as well as a comparison of the
mean time-to-index date between exposed and unexposed
groups. The reason for this method of assignment of an
index date to participants without PIP has been described in
further detail in the study protocol [12].

2.5 Outcome

The primary outcome of interest was the combined medi-
cation, hospitalization and ED visit costs (reasons for the
selection of these costs are available in the study protocol
[12]) attributable to PIP paid by the Ontario Ministry of
Health and Long-Term Care in the 90-day period follow-
ing the first PIP occurrence for participants with PIP, or the
index date for unexposed participants. These costs were
assessed both in total for the whole cohort and per individual
(an outcome not included in the study protocol). To esti-
mate these costs, the ICES costing algorithm was used [19],
which calculates the cost of each health service category by

multiplying units of utilization for a health care service of
interest over the investigator-defined period of time, by its
unit cost. Hospitalization and ED costs were estimated by
multiplying the weighted volume of services by the average
provincial costs per weighted case. Medication costs were
calculated based on the amount paid per prescription. All
costs were inflated to 2017 Canadian dollars using the Sta-
tistic Canada’s Consumer Price Index [20]. For participants
not experiencing PIP, the 90-day follow-up period began
on the date of random index date assignment, described in
further detail above.

2.6 Covariates

All analyses were adjusted for potential confounders, either
known or perceived to be associated with PIP, or with our
outcomes of interest (i.e. hospitalization, ED visits and
medication use) and available within our linked health
administrative datasets, including age [21, 22], sex [22],
neighbourhood income quintile [22, 23], rurality, Aggre-
gated Diagnosis Group (ADG) score (i.e. comorbidity
status) [22, 24, 25], number of unique drug identification
numbers (i.e. pills prescribed concurrently) in the year prior
to PIP [26-30], number of prescribers in the year prior to
PIP [31], whether the patient had a MedsCheck (billable
medication review performed by a pharmacist, usually in
the community) in the year prior to PIP, number of days
spent in hospital in the year prior to PIP, and ED visit in the
6 months prior to PIP [21, 22, 24, 32-36]. Definitions for
these variables have been previously described elsewhere
[37]. Covariate ascertainment was performed at the date of
a participant’s first PIP, and at the randomly assigned index
date for participants who did not experience PIP.

2.7 Statistical Analyses

2.7.1 Medication Use, Emergency Department Visits
and Hospitalizations Attributable to PIP

Once outcome and baseline covariate information were gath-
ered for all participants, three models were created, one for
each outcome: count of ED visits, days spent in hospital
and total number of unique, newly prescribed medications.
Prior to fitting each model, we tested for overdispersion to
determine whether a Poisson or negative binomial distribu-
tion was most appropriate for our count regression models
[38]. The incidence rate ratio (IRR) obtained via the param-
eter estimate for the PIP variable in the model for each
outcome was used in conjunction with the population prev-
alence of a first PIP ever, to derive the population attribut-
able fraction (PAF) via Levin’s formula: (P, X (RR—1))/
(Pexp(RR=1)) + 1)) x 100 [39, 40]. This formula divides
the product of the population prevalence multiplied by the
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IRR minus one, by the sum of one plus the product of the
population prevalence multiplied by the IRR minus one.
This figure is then multiplied by 100 to obtain a percentage.
For the medication outcome model, only patients with PIP
due to a STOPP criterion, and no overlapping, or multiple
first, PIPs, were included to ensure only a potential error of
commission was responsible as we were unable to determine
what the exact first PIP was in such cases.

2.7.2 Total Costs Attributable to PIP

PAFs for ED visits, days spent in hospital and newly pre-
scribed medications were then multiplied by the total costs
for each of these health services, to obtain the cost of each
health service use attributable to PIP over the 90-day obser-
vation period after PIP or randomly assigned index date.
These costs were also combined to obtain the total health
system costs attributable to PIP.

2.7.3 Subgroup and Sensitivity Analyses

The methods listed above were used to obtain the costs
attributable to PIP by age, categorized as described above,
and sex. Sensitivity analyses were also conducted, includ-
ing the assignment of two additional random index dates
to persons without PIP, to determine whether the random
assignment method potentially biased study results, as well
as the removal of people with their first PIP occurring on
their date of entry into the cohort, to assess for the pres-
ence of incidence—prevalence bias due to the potential that
these were prevalent and not incident PIPs. Additionally, the
removal of people with multiple first PIPs and overlapping
PIP during their observation period, two of the conditions
applied to the inclusion of participants in the newly pre-
scribed medications models, was applied to the hospitaliza-
tion and ED visit outcome models to assess the impact of
the first PIP alone on those outcomes. Finally, an analysis
stratified by type of first PIP (i.e. STOPP [PIP] or START
[PIO]) was also conducted to determine the impact of PIP
type on hospitalization and ED visits.

3 Results
3.1 Baseline Characteristics

A total of 2,477,122 residents of Ontario prescribed at least
one medication between 1 April 2003 and 31 December
2014 were identified. After assigning a random index date
to persons without PIP, the cohort was further restricted to
2,256,153 total study participants with at least 90 days of
follow-up for outcome ascertainment (see Fig. Al in Supple-
mentary Appendix 2 for a description of how the final study
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cohort was obtained). Among included participants, the
time-to-index date was well-balanced between participants
with and without PIP after random index date assignment.

Among the identified cohort, the mean age was
72.1 years (standard deviation 7.4) and 44.8% were male
(1,010,761/2,256,163) (Table 1). When comparing baseline
characteristics between the two groups, patients with PIP
were, on average, older, had more comorbidity (identified
via ADG), concurrent medications, days spent in hospital
and prescribers, and were more likely to have a previous
ED visit and to be in the lowest income quintile. No miss-
ing outcome data and very little missing covariate data were
identified, with all of the data pertaining to either place of
residence or income quintile. Data for these variables were
missing for < 0.4% of participants.

3.2 PIP Prevalence by Age and Sex

After assessment of baseline characteristics, we further
assessed PIP prevalence and prevalence of a first PIP due to a
STOPP criterion only, in the whole cohort, as well as by age
and sex. While 70.1% (1,581,897/2,256,163) of cohort mem-
bers had at least one PIP, only 40.2% (907,993/2,256,163)
of cohort members had a first PIP due to a STOPP criterion
(Table 2). The overall prevalence of PIP remained similar
between males and females, although females had a higher
proportion of first PIPs due to a single STOPP criterion,
indicating males had a higher prevalence of a first PIP due
to a START criterion or multiple first PIPs. With regard to
age, overall PIP prevalence tended to increase with age, from
57.0% (592,532/929,009) in the 66-70 years age group, to
84.2% (215,660/256,025) in the 81-85 years age group, and
then remaining consistent thereafter, while the number of first
PIPs due to a STOPP criterion tended to decrease with age.

3.3 Costs Attributable to PIP in the Whole Cohort

The total costs from hospitalizations, ED visits and newly
prescribed medications from 1 April 2003 to 31 December
2014 in the 90 days after the index date were $2.00 billion,
$172 million and $975 million for each outcome, respec-
tively; PIP was associated with increased rates for all three
outcomes (Table 3). Participants with PIP had a 2.77 (95%
confidence interval [CI] 2.72-2.82) times higher rate of
hospitalization than those without PIP, leading to a PAF of
55.3% (95% CI 54.7-56.1). Increased rates of ED visits and
newly prescribed medications were also observed in par-
ticipants with PIP versus those without, with 1.87 (95% CI
1.82-1.92) and 1.13 (95% CI 1.13-1.14) times higher rates,
respectively. When combined with the PIP prevalence, PAFs
of 37.9% (95% CI 36.5-39.2) for ED visits and 5.0% (95%
CI5.0-5.3) for newly prescribed medications were observed.
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Table 1 Characteristics of the study population

Characteristic

PIP [N=1,581,897]

No PIP [N=674,266]

Primary analy-
sis cohort
[N=2,256,163]

Mean age, years (SD) 74.0 (7.6) 69.8 (5.8) 72.1 (7.4)
Male sex (%) 44.6 45.5 44.8
Number of ADGs (SD) 9.2 (3.7) 6.3 (3.4) 8.3(3.7)
Number of concurrent medications (SD) 5.0 (3.1) 2.1 2.1) 4.2 (3.1)
Mean number of days spent in hospital in the year prior to index or 3.6 (11.6) 0.6 (4.8) 2.7 (10.1)

assigned index date (SD)
>1 ED visits in the 6 months prior to the index or assigned index date (%) 32.0 10.3 255
Income quintile (%)

1-lowest 20.1 16.4 19.0

2 20.9 19.6 20.5

3 19.5 19.8 19.6

4 194 20.9 19.9

S5-highest 19.6 23.0 20.6

Missing 0.4 0.4 0.4
Urban place of residence® (%) 85.1 85.2 85.1
Number of prescribers in the year prior to the first PIP (SD) 2.7(2.1) 1.9 (1.4) 2.5(1.9)
MedsCheck in the year prior (%) 7.6 7.5 7.6

ADG Aggregate Diagnosis Group, ED emergency department, PIP potentially inappropriate prescription, SD standard deviation

%0.11% of the cohort had missing information on place of residence

Table 2 Prevalence of PIP
among the whole cohort and by

subgroups

After multiplying the costs for hospitalization, ED vis-
its and newly prescribed medications in the 90-day follow-

Group No. of persons with a PIP No. of persons eligible Prevalence (STOPP
(STOPP criterion as the first PIP) for the study cohort criterion only) (%)

Whole cohort 1,581,897 (907,993) 2,256,163 70.1 (40.2)

(STOPP criterion

only)
Sex

Female 876,808 (546,190) 1,244,562 70.5 (43.9)

Male 705,089 (361,803) 1,011,601 69.7 (35.8)
Median age during

cohort participa-

tion, years

66-70 529,532 (377,006) 929,009 57.0 (40.6)

71-75 393,177 (218,908) 529,320 74.3 (41.4)

76-80 283,494 (138,957) 350,753 80.8 (39.6)

81-85 215,660 (100,369) 256,025 84.2 (39.2)

86-90 112,228 (51,125) 132,145 84.1 (38.7)

>90 47,806 (21,628) 58,911 81.2 (36.7)

PIP potentially inappropriate prescription, STOPP Screening Tool of Older People’s Prescriptions

healthcare services per individual with PIP was $772.83
(95% C1761.36-784.19).

up period by their respective PAFs, a total of $1.22 bil-

lion of $3.15 billion (38.8%) from all three health services

3.4 Costs Attributable to PIP by Age and Sex

were attributable to PIP, with the highest proportion of

costs stemming from hospitalizations, and the fewest stem-
ming from new medications. The total cost from all three

When assessing the costs attributable to PIP between males
and females, few differences were observed, although PIP
was still associated with higher rates of outcomes in both
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Table 3 Primary analysis: costs attributable to PIP

Health service/ No. of par- IRR with PIP vs. PIP

Population attrib-

Total costs (2017  Costs attribut- Cost per indi-

cost category ticipants with no PIP (95% CI) preva- utable fraction [% CANS) able to PIP vidual [2017 CAN$
PIP lence (%) (95% CD)] (2017 CANS$)° (95% CD)]

Hospitalization 1,581,897 2.77 (2.72-2.82) 70.1 55.3 (54.7-56.1) 2,000,286,464 1,107,608,294 699.97 (691.01-
708.66)

ED visits 1,581,897 1.87 (1.82-1.92) 70.1 37.9 (36.5-39.2) 172,289,790 65,268,856 41.24 (39.74—
42.69)

Medication® 907,993 1.13 (1.13-1.14) 40.2 5.0 (5.0-5.3) 975,197,362 48,432,720 53.32(53.32—
57.21)

Total 3,147,773,616 1,221,309,870 772.83 (761.36—

784.19)

CI confidence interval, CAN$ Canadian dollars, PIP potentially inappropriate prescription, /RR incidence rate ratio, ED emergency department,
STOPP Screening Tool of Older People’s Prescriptions, START Screening Tool to Alert Doctors to Right Treatment

“Includes only those with a STOPP criterion as their first PIP. All participants with a START criterion as their first PIP, multiple first PIP, or an
overlapping second PIP within their 90-day outcome observation window were removed and the prevalence was recalculated

SCosts attributable to PIP were determined by multiplying the unrounded population attributable fraction by the total costs

subgroups (Table 4). Males with PIP tended to have higher
rates of each outcome than females with PIP when compared
with participants without PIP of their respective sex; the
observed difference in total costs attributable to PIP and cost
per person with PIP is likely due to the higher PAF of PIP
for hospitalization costs in males.

Assessment of the costs attributable to PIP by age cat-
egory displays a trend for prevalence and PAF. While the
prevalence of PIP tends to increase with age, the PAF tends
to decrease with age due to a general trend of decreasing
rates of outcomes due to PIP by age category. For example,
while the youngest age category (66—70 years) had a 57%
PIP prevalence (40.6% STOPP only) versus 81.2% (36.7%
STOPP only) for the oldest age category (90+ years), the
PAFs for hospitalization, ED visits and newly prescribed
medications were 55.2, 33.7 and 3.5%, respectively, for the
youngest age group, versus 34.2, 28.5 and 2.9%, respec-
tively, for the oldest age group. Additionally, due to the
larger population size of the youngest age group, the abso-
lute costs to the healthcare system from the outcomes of
interest due to PIP are much larger ($351 million) compared
with the oldest age group ($27 million).

3.5 Sensitivity Analyses

The random index date assignment had a limited impact on
study results as the IRR estimates remained stable when
the second and third random index date assignments were
assessed, and they were within 10% of the primary analysis
IRRs (Table A2 in Supplementary Appendix 3). Comparable
results were also observed when assessing the removal of
participants whose first PIP occurred on their first day of
accrual into the study cohort to ensure no incidence—prev-
alence bias was present in our analyses. Changes in the
IRRs for hospitalizations, from 2.77 (95% CI 2.72-2.82)
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t0 2.03 (95% CI 1.98-2.08), and ED visits, from 1.87 (95%
CI 1.82-1.92) to 1.58 (95% CI 1.57-1.60), were observed
after the removal of participants with multiple first PIPs and
overlapping PIPs within their outcome observation period.
When comparing the IRRs, when restricting the cohort to
participants with a STOPP criterion as their first PIP versus
those with a START criterion as their first PIP, higher rates
of hospitalizations and ED visits were observed in partici-
pants with a STOPP criterion.

4 Discussion

The results presented within this article describe the burden
of PIP, further enhancing our understanding of this preva-
lent issue beyond the tabulation of medication costs, using
a large cohort of older persons in Ontario identified using
linked health administrative databases. We found that older
persons with PIP experience higher rates of hospitalization,
ED visits, and newly prescribed medications than their coun-
terparts who have also been prescribed a medication but
have not experienced PIP. When combined with the high
prevalence of PIP in the population, PIP was associated with
a significant portion of healthcare expenditures related to
these outcomes.

Beyond the identification of PIP as a high-cost issue,
this study has important findings with policy implications.
Much of the discussion around medication appropriate-
ness and PIP centres on the cost of the offending drugs
themselves, but what we found is that the medication costs
likely have a lower impact on healthcare expenditures than
hospitalizations and ED visits. Not only would reducing
PIP decrease drug expenditures but it could also prevent
significant morbidity that leads to even larger downstream
expenditures via lengthy hospital stays and unnecessary ED
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Table 4 Costs attributable to PIP, by sex and median age during cohort participation

Health service/cost No. of par- IRR with PIP vs. PIP Population attrib- ~ Total costs (2017 ~ Costs Cost per PIP per
category ticipants with no PIP (95% CI) preva- utable fraction [% CANS$) attributable  individual [2017
PIP lence (%) (95% CD)] to PIP CANS$ (95% CD)]
Sex
Female
Hospitalization 876,808 2.74 (2.67-2.82) 70.5 55.1(54.1-56.2) 981,015,469 540,446,255 616.20 (604.81—
628.610
ED visits 876,808 1.76 (1.73-1.79) 70.5 38.0 (36.6-39.3) 91,389,084 34,743,543 39.61 (38.17-40.99)
Medication® 546,190 1.12 (1.12-1.13) 439 5.0(5.0-54) 529,162,647 26,481,255 48.47 (48.47-52.29)
Total 1,601,567,201 601,671,053 686.01 (673.18-
702.18)
Male
Hospitalization 705,089 2.81 (2.74-2.89) 69.7 55.8 (54.8-56.8) 1,019,270,993 568,579,220 806.16 (792.07-
821.54)
ED visits 705,089 1.84 (1.81-1.87) 69.7 36.9 (36.1-37.7) 80,900,705 26,272,393 42.36 (41.39-43.30)
Medication® 361,803 1.15 (1.14-1.15) 35.8 5.1(4.8-5.1) 446,034,717 22,731,389 62.81 (58.82-62.81)
Total 1,546,206,415 621,185,312 880.75 (863.64—
897.06)
Age
66-70 years
Hospitalization 529,532 3.16 (3.06-3.26) 57.0 55.2 (55.1-54.0) 580,137,432 320,126,033 604.37 (591.50-
616.60)
ED visits 529,532 1.89 (1.86-1.92) 57.0 33.7 (32.9-34.4) 53,601,957 18,040,386 34.06 (33.29-34.81)
Medication® 377,006 1.09 (1.09-1.10) 40.6 3.5(3.5-3.9) 358,392,982 12,634,032 33.50 (33.50-37.08)
Total 992,132,371 350,800,451 662.28 (648.64—
677.81)
71-75 years
Hospitalization 393,177 2.31(2.21-2.40) 743 49.3 (47.3-51.0) 445,287,220 219,634,531 558.45 (536.00-
577.26)
ED visits 393,177 1.69 (1.63-1.74) 74.3 33.9(31.9-35.4) 35,881,151 12,160,742 30.92 (29.09-32.36)
Medication® 218,908 1.22 (1.21-1.23) 414 8.3 (8.0-8.7) 216,478,481 18,070,957 82.52 (79.08-85.95)
Total 697,646,851 249,866,231 635.32 (609.12—
657.48)
76-80 years
Hospitalization 283,494 2.14 (2.04-2.25) 80.8 47.9 (45.7-50.2) 411,617,375 190,998,074 695.96 (662.79—
729.37)
ED visits 283,494 1.59 (1.53-1.65) 80.8 32.2 (30.0-34.4) 32,393,464 10,457,373 36.87 (34.25-39.34)
Medication® 138,957 1.17 (1.16-1.18) 39.6 6.3 (6.0-6.7) 169,187,105 10,671,285 76.77 (72.53-80.99)
Total 613,197,944 211,445,822 770.47 (732.59-
808.40)
81-85 years
Hospitalization 215,660 1.83 (1.73-1.94) 84.2 41.1 (38.1-44.2) 323,496,810 133,076,875 616.89 (570.86—
662.53)
ED visits 215,660 1.61 (1.56-1.67) 84.2 33.9 (32.0-36.1) 27,778,415 9,426,111 43.70 (41.26-46.44)
Medication® 100,369 1.13 (1.12-1.14) 39.2 4.8 (4.5-5.2) 132,504,575 6,425,014 64.00 (59.29-68.66)
Total 483,779,798 148,928,001 690.37 (639.72—
740.92)
86-90 years
Hospitalization 112,228 1.79 (1.66-1.93) 84.1 39.9 (35.7-43.9) 168,275,404 67,172,054 598.35 (535.04—
657.86)
ED visits 112,228 1.51 (1.46-1.59) 84.1 30.0 (27.9-33.2) 15,797,747 4,741,944 42.24 (39.25-46.67)
Medication® 51,125 1.11 (1.10-1.12) 38.7 4.1 (3.7-4.4) 69,661,327 2,844,397 55.62 (50.75-60.45)
Total 253,734,477 74,758,395 665.94 (597.41-
732.07)
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Table 4 (continued)

Health service/cost No. of par- IRR with PIP vs. PIP Population attrib- ~ Total costs (2017  Costs Cost per PIP per
category ticipants with no PIP (95% CI) preva- utable fraction [% CANS$) attributable  individual [2017
PIP lence (%) (95% CD)] to PIP CANS$ (95% CD)]
> 90 years
Hospitalization 47 g6 1.64 (1.48-1.82) 81.2 34.2 (28.0-40.0) 71,472,223 24,441,122 511.11 (419.17-
597.40)
ED visits 47,306 1.49 (1.41-1.58) 81.2 28.5 (25.0-32.0) 6,837,056 1,946,038 40.70 (35.71-45.78)
Medication® 21,628 1.08 (1.06-1.10) 36.7 29(2.2-4.9) 28,972,894 826,382 38.20 (28.85-65.45)
Total 107,282,173 27,213,543 569.08 (467.93—

672.79)

CI confidence interval, CAN$ Canadian dollars, PIP potentially inappropriate prescription, IRR incidence rate ratio, ED emergency department,
STOPP Screening Tool of Older People’s Prescriptions, START Screening Tool to Alert Doctors to Right Treatment

Includes only those with a STOPP criterion as a their first PIP. All participants with a START criterion as their first PIP, multiple first PIP, or an
overlapping second PIP within their 90-day outcome observation window were removed and the prevalence was recalculated

bCosts attributable to PIP were determined by multiplying unrounded population attributable fractions by the total costs

visits. While this research was conducted using a cohort of
residents of Ontario, due to the large cohort size spanning
a diverse region of Canada, these results are likely to be
generalizable to other provinces in Canada, as well as coun-
tries with similar healthcare systems and populations. The
proportion of expenditures due to PIP identified in this study
provide further evidence for PIP as a high priority target for
intervention at the population-level in Canada and in other
jurisdictions where PIP is prevalent. This study provides
evidence on the total burden of PIP that could help deci-
sion makers with priority setting when PIP is compared with
other important healthcare issues. Additionally, this study
highlights the need for macro, health-system-level inter-
ventions to address PIP given its large burden and the fact
that this burden is from a broad range of criteria in different
disease areas and drug classes that might otherwise need
to be addressed with micro-level, individual interventions.
The PAF and costs related to PIP would decrease should the
prevalence of PIP decrease, based on these interventions.
The subgroup and sensitivity analyses provide further
characterization of the burden of PIP, and may provide some
direction on the priorities for intervention. When assessing
the health system costs due to PIP, by age, while PIP preva-
lence increased by age, the cost impact of PIP decreased
with age due to decreasing IRRs, which indicate costs in
the older populations are likely explained by other factors,
such as comorbidity. Combined with their larger population
size, this resulted in larger absolute costs in the younger
age group, providing evidence for PIP interventions to be
prioritized in younger seniors, as interventions targeting this
population might have a greater impact. Additionally, the
sensitivity analysis assessing the impact of the first PIP ever,
with no other concurrent or overlapping PIPs, displays the
importance of intervening as soon as possible on PIP. The
primary analysis results show the average impact of all PIPs
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on outcomes, while the first PIP-only results show how vital
it may be to intervene on the first PIP.

To the best of our knowledge, this is the first study of
its kind to assess the burden of PIP beyond just medication
costs at the population-level using linked health administra-
tive data. Our findings of increased medication expenditures
due to PIP are in line with previous research, although these
studies only assessed the costs of a medication responsi-
ble for PIP, and did not include hospitalization or ED visits
and also excluded costs related to newly prescribed medi-
cations that may have resulted from PIP, i.e. a prescribing
cascade [8—10]. One of these studies assessed the cost of PIP
in Canada using a subset of the Beers list, which previous
research has shown to be not as sensitive at identifying PIP
than the STOPP/START criteria [6], and found $419 million
was spent on potentially inappropriate medications outside
of hospital settings in 2013 [10]. The other two studies were
conducted in European settings with different observation
periods, smaller subsets of the STOPP/START criteria, and
smaller populations than our study. The application of 30
STOPP criteria to a national prescribing database in Ireland
in 2007 identified total PIP medication expenditure to be
€39 million, while the application of 28 STOPP criteria to
a national primary care prescribing database in Northern
Ireland in 2009/2010 observed €6 million in total medication
expenditure as a result of PIP [8, 9].

Our study is subject to certain limitations around the
methodology and data used. We used the PAF, which has
several key assumptions, i.e. that the effect of PIP is revers-
ible, interventions exist to address it, and the relationship
between PIP and the outcomes assessed is causal [41]. The
assumption with the greatest impact on the interpretation
and validity of our results is that of causality, as observa-
tional studies such as ours typically only identify associa-
tions between an exposure and outcome of interest at best.
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While the relationship between PIP and the outcomes of
interest addresses a number of the traditional Hill’s criteria
for assessing causal relationships [42], we cannot say for cer-
tain that PIP causes hospitalization, ED visits and additional
prescribing of medications.

One other limitation related to this is the issue of resid-
ual confounding. Since our data source was not initially
intended for research, we were limited by the availability of
variables for the control of confounding within our models.
While we are confident that the covariates used addressed
much of the confounding by indication, it is possible that
there is still some leftover confounding by unmeasured
variables. Future work that would serve to potentially
address these two limitations would be a study where hos-
pitalizations are separated by whether they were planned or
unplanned. This present study included all hospitalizations,
but there are likely to be some planned hospitalizations not
causally linked to PIP that were captured within the study
that would contribute to confounding our results. It should
also be noted that the use of the STOPP/START criteria
in health administrative databases, compared with clinical
data, in Ontario is currently being validated. While there is
the potential for low sensitivity and specificity to detect PIP
in HAD from these codes, the process used to identify PIP
criteria applicable to HAD was conservative and transparent
[37]. Additionally, since we are using health administra-
tive data, not clinical data, and a conservative approach to
identifying PIP was used, some PIPs cannot be identified,
therefore we are thus likely to be underestimating the preva-
lence of PIP [6]. Given prevalence is an important factor
in the PAF, this indicates that we may be underestimating
the impact of PIP.

One important strength of this study to note is the method
used to assign a random index date to participants without
PIP. An unbiased approach to identifying a 90-day obser-
vation period for outcome ascertainment was needed, and
the use of the distribution of time-to-PIP from accrual into
the study cohort from patients with PIP, and applying it to
patients without PIP, afforded us with the best solution. This
may be useful in future drug safety and effectiveness studies
facing a similar situation.

5 Conclusions

PIP in older adults is not only common and costly with
regard to medication expenditures but it is also a significant
source of costs from downstream events such as hospitali-
zations and ED visits. Future work should focus on identi-
fying strategies and priorities for intervention at both the
health system and individual levels. Younger seniors are at

the highest risk of hospitalization and ED visit from PIP and
have the highest cost burden, indicating that they may be
a subgroup of interest when identifying populations where
intervention may be most effective. Additional work should
be conducted to identify priority PIPs that are most highly
associated with negative burden and costs, given a lack of
current health system-level interventions to address all PIP.
Intervening on PIP would not only lead to savings on pre-
scription drug costs but would also provide a health benefit
to patients while significantly reducing downstream health
system costs.
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