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BACKGROUND: Patients are vulnerable to medication-
related errors during transitions in care. Patients
discharged from acute care hospitals may be at an elevat-
ed risk for the unintentional continuation of medications
prescribed to prevent or treat complications that are as-
sociated with acute illness but are no longer indicated.We
sought to evaluate rates of (primary objective) and risk
factors for (secondary objective) potentially unintentional
medication continuation following hospitalization.
METHODS: A population-based cohort study of more
than one million patients 66 years of age or older who
were hospitalized in Ontario, Canada, between 2003 and
2011 and followed for 1 year (2004 to 2012). We created
distinct cohorts by identifying seniors not previously re-
ceiving four classes of medications typically used to treat
or prevent complications of acute illness: (1) antipsychotic
medications, (2) gastric acid suppressants (histamine-2
blockers and proton pump inhibitors), (3) benzodiaze-
pines, and (4) inhaled bronchodilators and steroids. After
excluding documented indications, we followed patients
to ascertain whether these medications were continued
after hospital discharge, and assessed risk factors for their
continuation using generalized estimating equations. The
primary outcome was the new dispensation of any of the
selected medications within 7 days of hospital discharge.
RESULTS: Prescription without documented indication
occurred across all medication classes, from 12,209 pa-
tients (1.4 %) for antipsychotic medications to 34,140
patients (6.1%) for gastric acid suppressants. Risk factors
for unintentional continuation varied across medication
groups, but rates were consistently higher for older pa-
tients, those with multiple comorbidities, and emergency
hospitalizations. The largest absolute risk factor across all

medications was a hospitalization>7 days [OR 2.03 (95%
CI 1.94–2.11) for respiratory inhalers, 6.35 (95%CI 5.91–
6.82) for antipsychotic medications]. These medications
were often continued at 1 year of follow-up, and
accounted for a total additional medication cost of over
CAD$18 million for the study population.
CONCLUSION: Discharged patients are at risk of being
prescribed and dispensed medications that are typically
intended to prevent or treat complications of acute illness,
despite having no documented indication for chronic use.
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INTRODUCTION

Gaps in the continuity of patient care have been identified as a
major area for improvement in patient safety for the reduction of
preventable adverse outcomes1. An expanding body of evi-
dence has demonstrated that improving continuity of care,
including communication strategies between clinicians, is fea-
sible, appreciated, and associated with improved patient out-
comes.2–9 Accordingly, understanding transfer errors between
outpatient and inpatient settings can help in developingmethods
of intervention and, consequently, improved patient care.10–14

Complex hospitalized patients may be particularly vulnera-
ble to communication failures between providers. Errors may
occur as a consequence of multiple transitions between care
areas (for example, between the intensive care unit (ICU) and
medical wards) and a focus on the acute illness.15–17 These
patients are also frequently receiving multiple medications and
have multiple comorbidities, increasing their risk for adverse
events related to polypharmacy and drug–drug interactions.18

We have previously demonstrated that hospitalization is
associated with the unintentional discontinuation of
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medications used to treat chronic diseases17. We also won-
dered whether hospitalization might result in the unintentional
continuation after discharge of selected medications that were
intended only for temporary management of an acute illness or
its complications. We used population-based databases to
identify all seniors in Ontario not previously prescribed select-
ed medications and followed them to determine whether these
medications were continued after hospital discharge.

METHODS

We conducted a population-based cohort study using linked
health data from April 1, 2002, to March 31, 2012, to analyze
all Ontario residents aged 66 years and older who were
discharged alive after hospitalization.We assessed whether they
were newly dispensed any of four studymedications commonly
used to treat or prevent acute problems arising in-hospital.

Setting and Databases

We used seven linked population-based databases to conduct
this research: (1) the Canadian Institute for Health Information
Discharge Abstract Database (DAD), which contains data on all
acute care hospitalizations and procedures; (2) the Same-Day
Surgery database; (3) the Ontario Drug Benefits (ODB) data-
base, which includes all outpatient medications dispensed to
persons aged>65 years in the province of Ontario; (4) the
Ontario Health Insurance Plan (OHIP) database, which contains
data about fee-for-service physician billings; (5) the National
Ambulatory Care Reporting System (NACRS), which contains
information on emergency departments visits; (6) the Ontario
Mental Health Reporting System, which includes mental health
inpatient hospitalizations data; and (7) the Registered Persons
Database (RPDB), which contains information on all deaths.
Excellent agreement has been found comparing these databases
and information obtained through chart audit.19–21 These
databases are held securely in a linkable, de-identified form
and analyzed at the Institute for Clinical Evaluative Sciences.

Study Participants

We identified all individuals aged ≥ 66 years who were
discharged alive from an acute care hospital from April 1,
2003, through January 31, 2011. This time frame enabled us
to study healthcare events and medications dispensed for all
patients that occurred in the 1 year prior to and 425 days
following the acute hospitalization. We excluded palliative
and chronic care hospitalizations, transfers between hospitals,
episodes for which length of hospitalization was≤1 day, and
patients who did not survive beyond 7 days after hospital
discharge. We also excluded those with any hospitalizations
during the 6months prior to the index hospitalization in order to
prevent confounding from the previous hospital admission. We
allowed for multiple hospitalizations for the same patient as
long as the inclusion and exclusion criteria continued to be met.

Selected Medications

Using this hospitalized cohort, we then created four distinct
medication cohorts, each comprising patients who had no
prior or acute indication for any of the following medication
groups: (1) antipsychotic medications, (2) benzodiazepines,
(3) gastric acid suppressants (histamine-2 blockers and proton
pump inhibitors), and (4) inhaled bronchodilators and steroids
(Fig. 1). All of these are commonly used in the elderly and
represent medications where harm has been clearly described
in this population.22–25 For each medication class we excluded
patients who had received the medication during the year prior
to hospitalization or whose admission was associated with a
clear clinical indication for receiving that medication before
(i.e. 1 year) or for continuing the medication after hospital
discharge (e.g. the development of gastrointestinal bleeding
during the hospital episode and subsequent dispensing of a
proton pump inhibitor). We searched for these indications
using diagnoses or fee codes found in prior hospitalization
records and using physician inpatient and outpatient medical
claims (eTable 1). This approach to identifying medication
continuation after hospital discharge is similar to that used in
prior research.26

Outcomes

Within each cohort, the primary outcome was medication
continuation after discharge from the hospital. We defined this
outcome as the new dispensation of the selected medication
within 7 days of hospital discharge. The 7-day period was
chosen to strengthen the association with exposure to hospi-
talization.27 This outcome could occur independent of a phy-
sician appointment. Secondary analyses examined prescrip-
tions occurring within 30 days of hospital discharge. Patients
dispensed medications within 7 days were followed for a
maximum of 425 days to identify chronic use, defined as an
additional claim for the same medication within 60 days of the
1-year anniversary (i.e. from 305 to 425 days post-index
date).28 We examined risk factors for medication continuation
after hospital discharge by restriction to the following sub-
groups: patients with emergency admission, patients with an
ICU admission during the hospitalization, and patients with
hospital length of stay>7 days. We also estimated costs for
dispensation without a documented indication for all selected
medications over 1 year of follow-up. These estimates were
based on total actual medication costs paid by the Ontario
Drug Benefit Program.

Analysis. Each medication cohort was analyzed separately.
Generalized estimating equations were used to examine the
effect of patient (age, sex, income quintile, number of
medications dispensed in prior year, Deyo-adapted Charlson
comorbidity index) and hospitalization characteristics (emer-
gency vs. other hospitalization, length of hospital stay, ICU
admission during hospitalization, transfer from nursing home)
on dispensing of medication after hospital discharge, after
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adjusting for clustering of patients within hospitals.29–31 We
also conducted post hoc analyses to assess for temporal trends
in rates of unintentional medication continuation by adding
year of study into the final models. All analyses were per-
formed using SAS software version 9.3 (SAS Institute Inc.,
Cary, NC, USA).

Ethics. All datasets were linked using unique encoded
identifiers and were analyzed at the Institute for Clinical
Evaluative Sciences (ICES). This study was approved by the
institutional review board at Sunnybrook Health Sciences
Centre, Toronto, Canada.

RESULTS

Characteristics of Discharged Patients. During the study
period, 1,014,891 patients ≥ 66 years of age were discharged
alive from the hospital and eligible for inclusion (Fig. 1). Of
these, about one-half were women and had a documented
comorbidity. Study patients had received a median of nine
different medications during the previous year (Table 1). Over-
all 1-year mortality following hospitalization was 13.5 %. A
minority (9.9 %) were discharged to nursing homes. The

medication cohorts ranged in size from 556,323 (no prior
use or documented indication for gastric acid suppressant) to
899,917 patients (no prior use or documented indication for
antipsychotic medications; Fig. 1).

Continuation of Temporary Medications. Continuation
without documented indication occurred across all medication
classes, from 12,209 patients (1.4 %) for antipsychotic
medications to 34,140 patients (6.1 %) for gastric acid
suppressants (Table 2). These rates of continuation after dis-
charge were higher when measured at 30 days following hos-
pital discharge, from 15,242 patients (1.7 %) for antipsychotic
medications to 43,690 (7.9 %) patients for gastric acid
suppressants.
These medications were often continued at 1 year of follow-

up (Table 2). Rates of chronic use over 1 year were highest for
gastric acid suppressants (14,925; 2.7 %). The total 1-year cost
of these medications was over CAD$18 million for the study
cohorts (range $632,475 for benzodiazepine use to
$10,876,911 for gastric acid suppressants).

Risk Factors for Medication Continuation. Risk factors for
continuation of these medications within 7 days of hospital
discharge varied across medication groups, but rates were

Fig. 1 Cohort creation. This figure describes the creation of the study cohorts. After excluding hospitalizations for palliative and chronic care,
hospitalizations that included inter-hospital transfers, those with recent previous hospitalizations, and early death or re-hospitalization (within
7 days), the primary cohort consisted of 1,014,891 patients≥66 years of age. This cohort was further subdivided according to use of the selected
study medications after discharge. To create each medication class, we excluded patients who had received the medication during the year prior
to hospitalization or whose admission was associated with a clear documented clinical indication for receiving that medication before (i.e.

1 year) or for continuing the medication after hospital discharge (see eTable).
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consistently higher for emergent hospitalizations, older
patients, and those with multiple comorbidities (Table 3).
Some risk factors—for example, ICU admission during hos-
pital stay—increased the risk of continuation for some medi-
cations but decreased the risk for others. The greatest absolute
risk factor across all medication groups was longer hospitali-
zation. The increased odds ratio for medication continuation
after a hospitalization lasting more than 7 days ranged from
2.03 (95 % CI 1.94–2.11) for respiratory inhalers to 6.35
(95 % CI 5.91–6.82) for antipsychotic medications. In post
hoc analyses, we observed no consistent temporal trends in
rates of medication continuation during the study period
(eTable). For example, rates of continuation of benzodiazepines
after hospitalization decreased (odds ratio 0.95 per study year,
95 % CI 0.94–0.96), whereas rates of continuation of gastric

acid suppressants increased (odds ratio 1.04 per study year,
95 % CI 1.03–1.06; eTable 2).

In additional sensitivity analysis, we examined how fre-
quently patients in each medication cohort subsequently de-
veloped an acceptable indication for chronic use of the med-
ication during 1 year of follow-up. For example, among the
12,209 patients receiving newly prescribed antipsychotic med-
ications after hospital discharge, only 1050 (8.6 %) subse-
quently developed an accepted indication during 1 year of
follow-up. Similarly, the rates of developing acceptable indi-
cations for chronic medication use during follow-up remained
low in each of the medication cohorts: 2.5 % (589/23,806) for
benzodiazepines, 9.0 % (3080/34,140) for gastric acid sup-
pressants, and 17.8 % (2578/14,469) for respiratory inhalers.
However, a larger proportion of the patients still using these

Table 1 Patient Characteristics

TOTAL Emergency
admission

ICU Hospital
LOS>7 days

n=1,014,891 n=767,712 n=123,609 n=312,512

Baseline characteristics
Age (years) Mean±SD 77.8±7.4 78.9±7.5 76.2±6.8 79.4±7.5
Sex (female) 549,185 (54.1 %) 429,136 (55.9 %) 54,572 (44.1 %) 179,031 (57.3 %)
Income quintile Lowest 220,665 (21.7 %) 176,416 (23.0 %) 25,987 (21.0 %) 72,871 (23.3 %)

Next to lowest 214,889 (21.2 %) 164,618 (21.4 %) 26,350 (21.3 %) 66,867 (21.4 %)
Middle 197,575 (19.5 %) 148,984 (19.4 %) 24,224 (19.6 %) 60,300 (19.3 %)
Next to highest 190,381 (18.8 %) 140,234 (18.3 %) 23,701 (19.2 %) 56,908 (18.2 %)
Highest 187,203 (18.4 %) 134,088 (17.5 %) 22,826 (18.5 %) 54,228 (17.4 %)
Unavailable 4178 (0.4 %) 3372 (0.4 %) 521 (0.4 %) 1338 (0.4 %)

Number of medications in previous year Median (IQR) 9 (6–14) 10 (6–14) 9 (6–13) 10 (6–14)
Charlson comorbidity index score 0 425,956 (42.0 %) 287,631 (37.5 %) 33,725 (27.3 %) 89,369 (28.6 %)

1 262,313 (25.8 %) 228,324 (29.7 %) 37,068 (30.0 %) 87,445 (28.0 %)
≥2 326,622 (32.2 %) 251,757 (32.8 %) 52,816 (42.7 %) 135,698 (43.4 %)

Dementia 174,063 (17.2 %) 160,541 (20.9 %) 12,347 (10.0 %) 73,494 (23.5 %)
Primary care visits during previous year Median (IQR) 5 (3–8) 6 (3–9) 5 (3–8) 6 (3–9)
Specialist visits during previous year Median (IQR) 2 (1–3) 1 (1–3) 2 (1–4) 2 (1–3)
Nursing home residency 66,896 (6.6 %) 64,291 (8.4 %) 3900 (3.2 %) 23,023 (7.4 %)

Admission characteristics
Teaching hospital 271,254 (26.7 %) 182,702 (23.8 %) 41,596 (33.7 %) 87,690 (28.1 %)
Rural hospital 84,872 (8.4 %) 77,499 (10.1 %) 9814 (7.9 %) 26,136 (8.4 %)
Hospital length of stay Mean±SD 8.53±14.35 9.44±15.87 11.11±15.98 18.58±22.74
ICU length of stay Mean±SD 0.42±1.84 0.44±1.90 3.44±4.19 0.88±3.05

Median (IQR) 0 (0–0) 0 (0–0) 2 (1–4) 0 (0–0)
Mechanical ventilation 36,338 (3.6 %) 19,175 (2.5 %) 34,147 (27.6 %) 24,214 (7.7 %)
Mechanical ventilation duration Mean±SD 0.12±1.14 0.10±1.14 0.92±3.14 0.31±2.01
Mortality - 30 days 14,774 (1.5 %) 14,152 (1.8 %) 1,284 (1.0 %) 7,694 (2.5 %)
Mortality - 1 year 137,023 (13.5 %) 125,228 (16.3 %) 13,899 (11.2 %) 62,996 (20.2 %)
Discharge to nursing home 100,572 (9.9 %) 96,455 (12.6 %) 6,379 (5.2 %) 55,076 (17.6 %)

Table 2 Continuation of Temporary Medications after Hospital Discharge

Antipsychotic
cohort

Benzodiazepine
cohort

Gastric acid suppressant
cohort

Respiratory inhaler
cohort

(n=899,917) (n=719,449) (n=556,323) (n=667,318)

Prescription within 7 days of discharge 12,209 (1.4 %) 23,806 (3.3 %) 34,140 (6.1 %) 14,469 (2.2 %)
Prescription within 30 days of discharge 15,242 (1.7 %) 36,282 (5.0 %) 43,690 (7.9 %) 18,994 (2.8 %)
Chronic use over 1 year* 5101 (0.6 %) 5352 (0.7 %) 14,925 (2.7 %) 3880 (0.6 %)
1-year cost of medication ($CAD)† 3,942,634 632,475 10,876,911 3,241,023

Total cost ($CAD)† 18,693,043

�Patients dispensed medications within 7 days were followed for a maximum of 425 days to identify chronic use, defined as an additional claim for the
same medication within 60 days of the 1-year anniversary date (i.e. from 305 to 425 days post-index date)
†Reflects total actual cost of the selected medications prescribed to individuals in the year following hospital discharge
Abbreviations: CAD=Canadian dollar
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medications at 1 year had developed an acceptable indication
during follow-up: 20 % (1050/5101) for antipsychotics, 11 %
(589/5352) for benzodiazepines, 21 % (3080/14,925) for gas-
tric acid suppressants, and 66 % (2578/3880) for respiratory
inhalers].

DISCUSSION

We examined more than one million hospitalizations of se-
niors in Canada’s largest province and found that medications
typically intended for short-term use during acute illness were
sometimes continued after discharge. We found that such
continuation without documented indication occurred across
all medication classes that we studied. We identified several
risk factors, but highest at risk were older patients, those with
multiple comorbidities, and those with emergent hospitaliza-
tions. Notably, hospital stay longer than 7 days put patients at
much greater risk of post-discharge continuation of the studied
medications. These findings are important, because receiving
medications without indication places patients at unnecessary
risk for medication-related adverse events. Although the rela-
tive rates of unintentional medication continuation were mod-
est, the absolute number of affected individuals was large. In
addition, the healthcare costs were substantial.
Our findings are consistent with smaller single-centre and

single-drug studies. For example, an increased risk of initiat-
ing benzodiazepines has been observed following hospitaliza-
tions that included ICU admission.26 Previous reports have
suggested that ICU admission might be a risk factor for
initiation of antipsychotic prescriptions after discharge be-
cause these medications are often used transiently to treat
delirium in critically ill patients.32 However, in our study we
found lower rates of antipsychotic continuation in this sub-
group. We can only speculate that hospitalists and other clini-
cians may be more attuned to the temporary indication for
these medications and are thus more apt to discontinue them
after transfer from ICU to the ward. The highest rates and
associated costs related to continuing medications without

documented indication following discharge in our study were
observed with gastric acid suppressants. Even higher rates and
costs of post-hospital continuation of these medications have
been reported, although the prior study was restricted to crit-
ically ill patients.33

Our choice of medication groups for this study represents
different theorized approaches to medication-prescribing, medi-
cation-taking, and medication-dispensing practice.34,35 They in-
clude medications for the treatment of symptomatic diseases and
for preventing complications of acute illness. They represent
different medication delivery systems (e.g. tablets, inhalers). A
few are medications used to treat chronic conditions (e.g. gastric
acid-suppressing drugs for gastroesophageal reflux) that may be
confused with evidence-based prophylactic ICU therapies (e.g.
gastric acid-suppressing drugs to prevent gastric stress ulcers).25

However, the selected medications are unlikely to be appropri-
ately prescribed for long-term use following a single hospitaliza-
tion in the absence of an acceptable indication. Prescription of
any of these medications when not medically indicated would be
associated with increased inconvenience, cost, and inappropriate
disease labeling. In addition, unnecessary medications lead to
preventable polypharmacy and drug interactions, and expose
patients to potential harm, with no apparent benefit. Furthermore,
the delivery of appropriate medical treatments (and avoidance of
inappropriate therapies) based on established indications has
become an important topic for health care professionals,
policymakers, funding bodies, and the general public.36,37

Our population-based estimates that account for clustering
of patients within hospitals help overcome issues related to
generalizability and local prescribing patterns. We tested our
hypothesis across multiple groups of medications, reinforcing
the notion that unintentional medication continuation is not a
problem isolated to a single drug class or disease. In addition,
our large sample size allowed us to identify risk factors asso-
ciated with new prescriptions of these medications. Our re-
search should have practical implications in the identification
of medication classes that require more careful reassessment
during transitions in care.

Table 3 Predictors of Medication Continuation after Hospital Discharge

Antipsychotic
cohort

Benzodiazepine
cohort

Gastric aid
suppressant
cohort

Respiratory
inhaler cohort

(n=899,917)
OR (95 % CI)

(n=719,449)
OR (95 % CI)

(n=556,323)
OR (95 % CI)

(n=667,318)
OR (95 % CI)

Age (per 10 years) 1.76 (1.70 –1.82) 1.03 (1.01–1.06) 1.02 (1.00–1.05) 1.27 (1.23–1.30)
Sex (female vs. male) 0.87 (0.84 –0.90) 1.16 (1.12–1.19) 1.14 (1.08–1.20) 0.92 (0.89–0.95)
Income quintile Highest vs. Lowest 0.98 (0.92–1.04) 0.97 (0.93–1.00) 0.96 (0.92–1.01) 0.83 (0.79–0.87)
Medications in prior year 7–9 vs. 0–6 0.75 (0.72–0.79) 0.97 (0.95–1.00) 1.05 (1.02–1.08) 1.01 (0.97–1.06)

10–14 vs. 0–6 0.62 (0.59–0.65) 0.93 (0.90–0.96) 1.04 (1.01–1.07) 1.09 (1.04–1.14)
15+ vs. 0–6 0.53 (0.50–0.56) 0.92 (0.89–0.96) 1.06 (1.02–1.10) 1.16 (1.10–1.22)

Charlson comorbidity index score 1 vs. 0 2.47 (2.30–2.64) 1.20 (1.16–1.25) 1.09 (1.05–1.14) 1.31 (1.26–1.37)
≥2 vs. 0 2.16 (2.03–2.29) 1.23 (1.17–1.29) 1.30 (1.21–1.40) 1.53 (1.47–1.60)

Admission category Emergent vs. other 2.75 (2.44–3.10) 1.35 (1.20–1.51) 1.71 (1.32–2.23) 2.84 (2.40–3.36)
Length of hospital stay >7 days versus ≤7 days 6.35 (5.91–6.82) 2.66 (2.53–2.80) 2.15 (2.05–2.25) 2.03 (1.94–2.11)
ICU during hospital ICU admission vs. none 0.68 (0.62–0.74) 1.20 (1.08–1.33) 2.37 (1.99–2.81) 1.51 (1.40–1.63)
Nursing home residency (from nursing home vs. none) 1.66 (1.50–.83) 1.82 (1.65–2.01) 0.91 (0.85–0.96) 2.11 (2.00–2.23)
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Our study does have limitations. We were able to measure
rates of post-discharge prescriptions of the selected medications,
but cannot prove with our data that these were not appropriately
started for a new but undocumented indication that arose during
hospitalization. Specifically, an appropriate indication may have
been documented in the health record but not included as a
discharge diagnosis code. This type of misclassification could
have caused us to overestimate rates of unintentional continua-
tion after hospital discharge. However, the selected medication
groups are seldom indicated for long-term use in the absence of
a documented appropriate indication. Furthermore, we used
broad exclusion criteria to ensure that true indications for receiv-
ing thesemedicationswere not present during the year preceding
hospitalization. Another limitation is that prescriptions in our
database were presumed to relate to the acute hospitalization
because of the close temporal relationship to hospital discharge.
It is possible but unlikely that some individuals developed a new
but undocumented indication for these medications during the
7 days following hospital discharge. Although we detected no
consistent temporal trends in rates of unintentional continuation
during the study period, we were also unable to identify hospi-
tals that had already implemented medication reconciliation
programs. The existence of such programs could reduce the
inappropriate continuation of temporary medications beyond
hospital discharge, and therefore we may have underestimated
themagnitude of this problem in other jurisdictions. Finally, total
costs as estimated in our studymay changewhere drug costs and
generic medication market shares differ; however, this is unlike-
ly to alter the overall high cost of ongoing but non-indicated
medication use across all groups observed in our study.

CONCLUSION

We found that hospitalized patients are at risk of being
discharged with prescriptions for medications typically used
to prevent or treat complications of acute illness, despite
having no documented indication for chronic use. These pre-
scriptions are associated with substantial costs and may place
patients at risk for subsequent harm, with no apparent benefit.
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