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Background: Transitions between health care settings
represent vulnerable periods for medical error. Discontinuation of long-term medication use may occur during discharge from the hospital to the community.
Methods: We performed a population-based, cohort

study using administrative records from Ontario, Canada,
between April 1, 1997, and September 30, 2002. We studied all residents 66 years and older with continuous use
of warfarin, 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase inhibitors (statins), or ␤-blocker
ophthalmic drops for 1 or more years. Those who had
an overnight hospitalization for selected elective surgical procedures were compared with 2 control groups: one
that had an ambulatory procedure and one that had no
procedures. All groups were assessed for the outcome of
failure to renew the prescription within 6 months.

4.8%, respectively, in the warfarin group; 4.0%, 3.9%, and
3.9%, respectively, in the statin group; and 8.4%, 8.9%,
and 7.9%, respectively, in the ophthalmic drops group.
The adjusted odds ratio (OR) was 2.6 (95% confidence
interval [CI], 2.0-3.4) for discontinuation of warfarin
therapy after overnight hospitalizations and 1.6 (95% CI,
1.4-1.7) after ambulatory procedures. In contrast, there
was no increased risk of discontinuing treatment with
either statins (OR for overnight hospitalization, 1.0 [95%
CI, 0.9-1.2]; OR for ambulatory procedure, 1.0 [95% CI
1.0-1.1]) or ophthalmic drops (OR for overnight hospitalization, 1.0 [95% CI, 0.8-1.5]; OR for ambulatory procedure, 1.1 [95% CI, 1.0-1.2]).

Results: Rates of drug treatment discontinuation after

Conclusions: Patients prescribed long-term therapy with
warfarin were at risk for potentially unintended medication discontinuation after elective procedures. Patients prescribed statins or ␤-blocker ophthalmic drops
were not at increased risk.

overnight hospitalizations, after ambulatory procedures, and after no procedures were 11.4%, 7.5%, and
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P

ATIENTS ARE VULNERABLE TO

medical error during transitions between health care settings.1-7 During these transitions, failure to communicate
important information and to reconcile admission and discharge medications may result in adverse events.7 So-called errors of
omission or failure to provide indicated
treatment have also been identified as a
threat to patient safety during care transitions.8 However, little is known about a
specific omission error—the potentially
unintended discontinuation of longterm medication use—that may place an
individual at risk for preventable adverse
events.9
Older adults may be particularly susceptible to long-term medication errors
during care transitions.10,11 The elderly
have a high burden of chronic illness: most
individuals 65 years and older have 2 or
more chronic conditions and use 3 or more
prescription drugs yearly.12,13 In addition, elderly adults often receive care from
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multiple providers in numerous care settings.14 This fragmentation can impair care
coordination and lead to poor quality
care.15
We sought to determine whether potentially unintended discontinuation of
long-term medication use occurs after elective surgery. We examined continuity of
care and patient safety in seniors, who are
at highest risk for adverse drug events.
METHODS

STUDY OVERVIEW
This study used population-based administrative data for all 1.3 million residents of Ontario, Canada, aged 66 years and older, to select those with at least 1 year of continuous use
of warfarin, 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitor
(statins), or ␤-blocker ophthalmic drops. Those
who had an overnight hospitalization for elective surgical procedures were compared with
2 control groups: one that had an ambulatory
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Table 1. Surgery and Procedure Codes33
Procedure
Transurethral prostate resection
Hysterectomy
Total knee replacement
Total hip replacement
Lens extraction
Inguinal hernia repair
Cholecystectomy
Cystoscopy
Colonoscopy
Esophagogastroduodenoscopy

CCP Code Number

OHIP Code

Database

72.1
80.2, 80.3, 80.4
93.41
93.5
27.4, 27.5, 27.6
65.0, 65.1, 65.2, 65.3
63.12, 63.14
01.34
01.2
01.1

...
...
...
...
E140
S323
S287
Z606
E747
Z399

DAD
DAD
DAD
DAD
DAD ⫹ OHIP
DAD ⫹ OHIP
DAD ⫹ OHIP
DAD ⫹ OHIP
DAD ⫹ OHIP
DAD ⫹ OHIP

Abbreviations: CCP, Canadian Classification of Diagnostic, Therapeutic, and Surgical Procedures; DAD, Hospital Discharge Abstract Database; OHIP, Ontario
Health Insurance Plan physician-billing database.

(same-day) procedure and one that had neither an ambulatory procedure nor an overnight hospitalization and surgical
procedure. All 3 groups were assessed for the outcome of drug
discontinuation within 6 months after discharge following the
procedure. The study was approved by the ethics committee
of the Sunnybrook Health Sciences Centre. We used protocols
of the Institute for Clinical Evaluative Sciences in Ontario to
maintain data confidentiality.

SETTING AND DATABASES
We conducted a retrospective cohort study of multiple health
databases in Ontario between April 1, 1997, and September 30,
2002. Data on individuals from 4 separate databases were linked
using an encrypted unique identifier. The Ontario Drug Benefit (ODB) database records data on all prescription medications dispensed to patients older than 65 years.16 The Canadian Institute for Health Information Discharge Abstract
Database (DAD) contains information on all hospitalizations
and procedures in Ontario hospitals. There is excellent agreement between administrative hospitalization data and chart audit.17 The Ontario Health Insurance Plan physician-billing database (OHIP) records information on physician services,
including procedures and surgical procedures. The Registered
Persons Database contains demographic and vital status information for each patient in Ontario. There is little basic information missing in these databases.17 Analyses are considered
population-based because of the comprehensive nature of universal health insurance in Ontario.

PATIENTS AND MEDICATIONS
To allow ascertainment of a full year of prior use, all communitydwelling patients 66 years and older who were prescribed warfarin, statins, or ophthalmic drops continuously for 1 or more
years, as identified through the ODB, were included. The “day
supply” variable allowed us to estimate the intended duration
of each prescription. A 100-day supply is the maximum allowable quantity of drug that can be dispensed. If subjects were
dispensed a drug prior to the end of the day supply period, the
excess drug supply was carried over to the next prescription’s
day supply estimation. Subjects were allowed a 150% grace period on the previous day supply to refill the next prescription.
For the warfarin analysis, a 200% grace period was allowed to
account for possible alterations in dose due to laboratory monitoring. For example, a patient given a 30-day statin prescription would have 45 days to refill the prescription to be considered “continuously” exposed, and a patient given a 30-day

warfarin prescription would have 60 days to obtain a refill. If
patients did not refill their prescription for the study drug within
these successive time windows, they were not considered continuous users.
We selected the long-term medications in this study because
they are commonly prescribed for the elderly and represent medications in which adherence has been estimated in large populationsofseniors.18-23 Also,themedicationshaveestablishedrecords
of long-term efficacy.24-27 Moreover, the use of each medication
drew on different aspects of our conceptual framework.28,29 Patients taking warfarin usually require active discontinuation of
the drug prior to surgery because of increased bleeding risk.30,31
Failure to continue therapy with warfarin after hospital discharge
therefore represents a failure to restart therapy with the medication after an intentional discontinuation. In contrast, statins
do not require discontinuation prior to surgery.32 Thus, failure
to continue therapy with a statin after hospital discharge represents a failure to continue therapy with the medication. Ophthalmic drops represent a different group of medications that are largely
managed (initiated and doses modified) by ophthalmologists, who
are generally not actively involved in the hospital care of patients
admitted for nonophthalmologic procedures. We included this
group as a control and did not anticipate observing differences in
adherence because the therapy is not systemic and hospital-based
physicians do not typically focus on these medications.

EXPOSURES
In each of the 3 medication-based cohorts (warfarin, statins,
and ophthalmologic drops), we identified 3 groups of patients: those who had an overnight hospitalization for an elective surgical procedure, those who had a same-day surgical procedure, and those who had neither an overnight hospitalization
nor a same-day surgical procedure. We studied both inpatient
and ambulatory procedures to separate the effect of hospitalization from the procedure itself. During hospitalization, prescribed medications are usually provided to the patient. For outpatient procedures, medication continuity is generally the
responsibility of the patient. The third group provided an estimate of the baseline rate of medication discontinuation.
The overnight hospitalization group comprised patients who
had 1 of 4 elective surgical procedures: transurethral resection
of the prostate, hysterectomy, total knee replacement, and total
hip replacement (Table 1). We selected these elective surgical
procedures because they are performed commonly in seniors and
involve diverse specialties. We excluded surgical procedures with
complications (such as myocardial infarction, stroke, or major
hemorrhage) or prolonged lengths of stay (⬎10 days) to avoid
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situations in which the discontinuation of the medication may
have been intentional. The same-day procedure group comprised patients who had uncomplicated outpatient procedures not
requiring overnight hospitalization. These included intraocular
lens extraction, inguinal hernia repair, cholecystectomy, cystoscopy, colonoscopy, and esophagogastroduodenoscopy (Table 1).
This group also represented diverse providers. Because many of
these procedures occur outside the hospital setting, both the hospitalization and physician billings databases were used to identify this group. The third group served as a comparator and included patients who were not hospitalized and did not undergo
any of these procedures during the study period. This group was
identified with the drug benefit database, and their absence of procedures and hospitalizations was verified with the hospital and
physician billings databases.

INDEX DATES
Index dates were chosen for each of the 3 procedure categories. The index date for patients having an overnight hospitalization for elective surgery was the date of hospital discharge.
The index date for patients having same-day procedures was
the procedure date. For the group having neither an overnight
hospitalization for elective surgery nor a same-day procedure,
the index date was randomly assigned from the study period.

EXCLUSIONS
To isolate the effect of the exposure of interest, patients who
had any overnight hospitalization or ambulatory procedure in
the 6 months prior to or after the index date were excluded.
Patients were also excluded if they died within 6 months following the index date or resided in long-term care facilities.
Patients could be included more than once in the study.

OUTCOMES
All 3 of our selected drugs are evidence-based therapies used
to decrease the risk of adverse outcomes.24-27 Therefore, we considered the discontinuation of these medications to represent
a potential adverse event. Drug discontinuation, as defined by
the absence of any prescription renewals in the drug benefit
database within 6 months after the index date, was our primary outcome measure.34 A within-class change of medication (eg, between different types of statins) was not considered an outcome event. Similarly, postoperative changes in
medication dose would not be considered an outcome.

COVARIATES
We controlled for confounding factors that might influence drug
discontinuation. These patient-level factors included age, sex,
low-income status as measured in the drug benefit program to
determine copayment, and comorbid disease burden. We used
the number of distinct drugs dispensed in the year prior to cohort entry as a measure of comorbidity.35,36 Models also included the number of primary care and internal medicine specialist physician contacts subsequent to the index date as a
covariate to account for differences in the intensity of ambulatory care and the potential for intentional discontinuation.

bulatory procedures. The baseline rate was estimated by persons who had neither a hospitalization nor ambulatory
procedure. Multivariate logistic regression was used to model
the effect of hospitalization for elective surgery on drug discontinuation in each of the 3 medication cohorts and to adjust
for the effect of confounding variables. The effects of exposures on the risk of drug discontinuation were expressed as odds
ratios (ORs) and 95% confidence intervals (CIs). All reported
P values are 2-tailed. Statistical analyses were performed with
SAS statistical software version 8.2 (SAS Institute Inc, Cary, NC).

SENSITIVITY ANALYSES: WARFARIN
For the cohort of subjects taking warfarin, sensitivity analyses
were performed with and without persons having total hip and
knee replacements, colonoscopy, cystoscopy, and esophagogastroduodenoscopy because these procedures may affect the
decision to continue anticoagulation.
RESULTS

Over the 6-year period, 45 220 persons were included in
the warfarin group, 156 172 were included in the statin
group, and 32 386 were included in the ␤-blocker ophthalmic drops group (Table 2). The median age was 77
years (interquartile range [IQR], 73-82 years) in the warfarin group, 74 years (IQR, 71-77 years) in the statin group,
and 77 years (IQR, 73-82 years) in the ophthalmic drops
group. Just over half of the persons in the warfarin group
were men (23 609/45 220 [52%]). Women composed the
majority of the statin (85 186 of 156 172 [55%]) and ophthalmic drops (19 618/32 386 [61%]) groups.
The proportion of low-income patients in the groups
ranged from about one quarter to one third. Patients in
the warfarin group had the most contact with primary
care providers and internal medicine specialists in the
6 months subsequent to the index date.
DRUG DISCONTINUATION
In the warfarin group, 11.4% of patients who had an overnight hospitalization for elective surgery experienced the
primary outcome compared with 7.5% of patients who had
an ambulatory procedure and 4.8% of patients who did not
have any procedure. In the statin group, 4.0% of patients
who had an overnight hospitalization for elective surgery
experienced the primary outcome compared with 3.9% of
patients who had an ambulatory procedure and 3.9% of patients who did not have any procedure. In the ␤-blocker
ophthalmic drops group, 8.4% of patients who had an overnight hospitalization for elective surgery experienced the
primary outcome compared with 8.9% of patients who had
an ambulatory procedure and 7.9% of patients who did not
have any procedure.
ADJUSTED ANALYSES
Warfarin

STATISTICAL ANALYSIS
Separate analyses were performed for each of the 3 selected medication cohorts. In the primary analysis, we compared the risk
of drug discontinuation among (1) patients who had overnight hospitalizations for surgery and (2) patients who had am-

Patients prescribed long-term warfarin therapy who had
an overnight hospitalization and surgical procedure had
an adjusted OR of 2.6 (95% CI, 2.0-3.4) for the primary
outcome. Patients taking warfarin who had an ambula-
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Table 2. Characteristics of Patients Continuously Prescribed Warfarin, Statins, and ␤-Blocker
Ophthalmic Drops for More Than 1 Year
Warfarin Group

Characteristic

Overnight
Admission Outpatient
Surgery
Surgery
(n = 527) (n = 17 052)

␤-Blocker Ophthalmic Drops Group

Statin Group
No
Procedure
(n = 27 641)

Overnight
Admission
Surgery
(n = 3392)

Outpatient
Surgery
(n = 57 008)

No
procedure
(n = 95 772)

Overnight
Admission
Surgery
(n = 466)

Outpatient
Surgery
(n = 11 716)

No
Procedure
(n = 20 204)

Age at index date,
75 (71-79)
77 (73-81)
77 (73-82)
73 (70-76)
73 (70-77)
74 (71-78) 76 (72-80)
77 (73-82)
78 (73-83)
median (IQR), y
Female sex, No. (%) 241 (46)
7343 (43)
14 027 (51)
2050 (60)
29 035 (51)
54 101 (56)
297 (64)
6674 (57)
12 647 (63)
Low-income status, 121 (23)
4675 (27)
8663 (31)
800 (24)
14 606 (26)
27 925 (29)
106 (23)
3312 (28)
6331 (31)
No. (%)*
11 (8-14)
12 (8-17)
10 (7-14)
10 (7-14)
10 (7-15)
8 (5-12)
10 (7-13)
10 (7-14)
8 (5-12)
No. of drugs
prescribed in year
prior to the index
date, median (IQR)
Primary care visits in 10 (6-15)
10 (6-14)
8 (5-13)
5 (3-9)
5 (2-8)
4 (2-6)
5 (3-10)
4 (2-8)
3 (2-6)
6 mo after the
index date, median
(IQR), No.
Internal medicine and
1 (0-3)
2 (0-6)
1 (0-4)
0 (0-2)
1 (0-3)
0 (0-2)
0 (0-1)
1 (0-2)
0 (0-1)
subspecialist visits
in 6 mo after the
index date, median
(IQR), No.
Drug discontinuation, 60 (11.2) 1275 (7.5)
1326 (4.8)
136 (4.0)
2198 (3.9)
3713 (3.9)
39 (8.4)
1038 (8.9)
1558 (7.9)
No. (%)
Abbreviation: IQR, interquartile rage
*Low-income status was classified as individual income below $16 018 or couples income below $24 175

tory procedure had an adjusted OR of 1.6 (95% CI, 1.41.7) for the primary outcome (Table 3).
Statins and ␤-Blocker Ophthalmic Drops
Patients prescribed either statins or ophthalmic drops had
no increased risk of drug discontinuation with hospitalization for elective surgery or an ambulatory procedure.
Patients prescribed long-term statin therapy who had an
overnight hospitalization for elective surgery had an adjusted OR of 1.0 (95% CI, 0.9-1.2) for the primary outcome. The adjusted OR was 1.0 (95% CI, 1.0-1.1) for patients who had an ambulatory procedure. Patients
prescribed ophthalmic drops who had an overnight hospitalization had an adjusted OR of 1.0 (95% CI, 0.8-1.5)
for the primary outcome. The adjusted OR was 1.1 (95%
CI, 1.0-1.2) for patients who had an ambulatory procedure (Table 3).
SENSITIVITY ANALYSIS: WARFARIN
When total hip and knee replacements, colonoscopy, cystoscopy, and esophagogastroduodenoscopy were excluded,
the adjusted OR for the primary outcome was 2.8 (95% CI,
2.0-3.8) for patients hospitalized overnight and 1.3 (95%
CI, 1.2-1.4) for patients who had ambulatory procedures.
COMMENT

We estimated the risk of potentially unintended drug use
discontinuation after an overnight hospitalization for elec-

tive surgery or an ambulatory procedure among patients continuously prescribed warfarin, statins, or
␤-blocker ophthalmic drops. After controlling for confounding factors, patients prescribed warfarin were more
than twice as likely to discontinue the drug after an overnight hospitalization for elective surgery and were more
than 11⁄2 times more likely to discontinue the drug after
an ambulatory procedure compared with the general
population. Having a procedure did not affect the risk
of potentially unintended discontinuation of either statins or ␤-blocker ophthalmic drops.
Previous studies suggest that discontinuation of drug
use after hospital discharge is common.7,37,38 However,
these studies focused on changes in drug regimens rather
than the discontinuation of long-term medication use.
No study followed patients for longer than 1 month to
determine if the drug regimens were restarted nor commented on whether the use of the drugs was intentionally discontinued for clinical indications.
Why did patients receiving warfarin have an elevated
risk for medication discontinuation while patients receiving statins or ophthalmic drops did not? We believe that
this may relate to differences in patients’ medicationtaking practices. Patients receiving warfarin are usually instructed to discontinue use of the medication prior to procedures because of concern about excessive bleeding.30,32,39
Also, there may be a period following the operation or procedure when anticoagulation with warfarin is intentionally not resumed. Restarting anticoagulation therapy then
requires active participation of the patient and physician.
Further miscommunication may ensue if the physician dis-
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Table 3. Multivariate Odds Ratios for Patients Continuously Prescribed Warfarin, Statins,
and ␤-Blocker Eye Drops for More Than 1 Year*
Unadjusted OR (95% CI)

Group†
Overnight admission for an
elective surgical procedure
Ambulatory procedure

Adjusted OR (95% CI)*

Warfarin
Group

Statin
Group

␤-Blocker
Ophthalmic
Drops Group

Warfarin
Group

Statin
Group

␤-Blocker
Ophthalmic
Drops Group

2.6 (1.9-3.4)

1.0 (0.9-1.2)

1.1 (0.8-1.5)

2.6 (2.0-3.4)

1.0 (0.9-1.2)

1.0 (0.8-1.5)

1.6 (1.5-1.7)

1.0 (0.9-1.1)

1.1 (1.0-1.2)

1.6 (1.4-1.7)

1.0 (1.0-1.1)

1.1 (1.0-1.2)

Abbreviations: CI, confidence interval; OR, odds radio.
*Adjusted for age, sex, patient income, number of prescribed drugs, number of primary care visits, and number of internal medicine and subspecialist visits.
†The referent category for both groups was patients with long-term medication use who had neither an overnight hospitalization nor an ambulatory procedure.

continuing the medication therapy is different from the one
expected to reinstitute therapy.40 Other medication therapies requiring active discontinuation and restarting in the
perioperative period such as antiplatelet agents and other
anticoagulants may also pose an elevated risk of discontinuation. In contrast, patients prescribed statins and ophthalmic drops are usually not instructed to discontinue
therapy before procedures.32 Still, some of the observed differences may be attributable to specific characteristics of
the drug itself rather than to the class it represents. However, the findings for warfarin nevertheless represent an important consideration for patient care.
Multiple factors may contribute to errors of omission. First, a patient’s medication regimen may be documented inaccurately before or after hospitalization.41-46
Second, patient medications commonly change during
hospitalization.38,47-49 Third, the hospital record and the
discharge prescription conflict for many patients.50-52
Fourth, communication between hospital physicians and
primary care providers is often poor.53,54 To address this
issue, quality improvement initiatives have identified continuity of care as a major threat to patient safety.55-57 Our
findings call attention to the need to develop a framework that focuses on the unintended discontinuation of
medications during care transitions.2,58-62 Initiatives such
as the development of electronic medical records and
medication reconciliation programs on admission and on
discharge or models of care that facilitate communication and coordination between hospital- and communitybased physicians may help reduce the risk of unintended drug discontinuation.55,57,62-65
Our work has several limitations. First, we used administrative data that lacked clinical detail such as possible reasons for intended or appropriate medication therapy initiation and discontinuation. However, we do not believe
that the observed medication discontinuation was intended. Specifically, the medication therapies we studied
are usually long-term and lifelong. To exclude the possibility that patients discontinued medication use because a
course of active treatment had been completed (eg, 6 months
of warfarin therapy for deep vein thrombosis), we required 1 year of continuous use of the drug. This requirement also minimized any confounding from patient nonadherence. Also, we used a control group without any
surgical procedures or hospitalization to estimate the baseline discontinuation risk. Some may contend that the higher

rate of discontinuation among the patients in the overnight hospitalization and elective procedures group could
be explained by greater physician attention to the original
indication for the drug and hence the drug discontinuation might be intentional. However, we excluded elective
surgical procedures that were associated with postoperative complications that may result in intentional drug discontinuation. We also adjusted for internal medicine and
primary care consultations. Moreover, we excluded those
who were hospitalized for any reason within 6 months of
the index date to avoid including patients with active medical issues. Furthermore, a sensitivity analysis that excluded patients with indications for warfarin prophylaxis
yielded similar results. Finally, another study using structured implicit and explicit review of clinical data in the intensive care unit setting has also demonstrated the unintended discontinuation of many long-term medication
therapies including warfarin, suggesting that our findings
are not merely attributable to insufficient clinical detail.66
Other limitations include our reliance on administrative data. However, the databases we used are accurate and
have been used previously to study medication adherence.16,17,23,67 Second, since this was an observational study,
the results are susceptible to bias or confounding. However, we took care to ensure the comparability of the patient groups. Our inclusion criteria, matching strategy, use
of a control group, and covariate adjustment helped to account for baseline differences. Third, we studied the phenomenon of potentially unintended medication discontinuation in the specific context of hospitalizations for
certain elective surgical procedures. The risk of potentially unintended medication discontinuation in other clinical settings may be different. Fourth, the specific procedures studied in the overnight hospitalization and
ambulatory groups were different, and we cannot exclude
the possibility that differences in medication discontinuation are related to the procedure studied. Finally, we did
not measure the effect of medication discontinuation on
long-term clinical outcomes. However, it is reasonable to
believe that discontinuation of medication therapies with
strong evidence of clinical effectiveness compromises optimal patient care and exposes patients to potential harm.
Transitions between settings of care are an area of vulnerability for patient safety.1,68 We found that patients prescribed long-term anticoagulants are at risk for potentially unintended drug discontinuation. These findings may
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extend to other types of medications as well as the broader
context of care transitions after hospitalization. Better communication strategies involving hospital-based physicians, pharmacists, and nurses, their counterparts in the
community, as well as the patients themselves, may reduce the risk of this phenomenon. Hospitalization should
provide an opportunity to encourage medication adherence and not be a contributor to its failure.
Accepted for Publication: September 1, 2006.
Correspondence: Chaim M. Bell, MD, PhD, St Michael’s Hospital, 30 Bond St, Toronto, Ontario, Canada M5B
1W8 (bellc@smh.toronto.on.ca).
Author Contributions: Dr Bell had full access to all of
the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis.
Study concept and design: Bell, Bajcar, Bierman, Mamdani, and Urbach. Acquisition of data: Bell and Li. Analysis and interpretation of data: Bell, Bajcar, Bierman, Li,
Mamdani, and Urbach. Drafting of the manuscript: Bell,
Bajcar, Bierman, Li, Mamdani, and Urbach. Critical revision of the manuscript for important intellectual content:
Bell, Bajcar, Bierman, Li, Mamdani, and Urbach. Statistical analysis: Bell, Li, Mamdani, Urbach. Obtained funding: Bell, Bajcar, Bierman, Mamdani, and Urbach. Study
supervision: Bell and Mamdani.
Financial Disclosure: Dr Mamdani is currently an employee
of Pfizer Inc, the manufacturer of one statin medication. The
involvementofDrMamdaniinthedevelopmentofthisstudy
and manuscript clearly preceded and was not influenced
by his subsequent decision to work for Pfizer.
Funding/Support: This work was funded by an operating grant from the Canadian Institutes of Health Research. Dr Bell is the recipient of a New Investigator Award
from the Institute of Aging, Canadian Institutes of Health
Research. Dr Mamdani held a New Investigator Award,
also from the Canadian Institutes of Health Research, during the period of the study. Dr Urbach holds a career scientist award from the Ontario Ministry of Health.
Role of the Sponsor: The funding agencies had no role
in the design and conduct of the study; collection, management, analysis, or interpretation of the data; or preparation, review, or approval of the manuscript.
Acknowledgment: We thank Ed Etchells, MD, MSc, and
Don Redelmeier, MD, MSc, for their helpful suggestions
and careful review of the manuscript.
REFERENCES
1. Cook RI, Render M, Woods DD. Gaps in the continuity of care and progress on
patient safety. BMJ. 2000;320:791-794.
2. Coleman EA, Berenson RA. Lost in transition: challenges and opportunities for improving the quality of transitional care. Ann Intern Med. 2004;141:533-536.
3. Gottlieb DJ, Parenti CM, Peterson CA, Lofgren RP. Effect of a change in house staff
work schedule on resource utilization and patient care. Arch Intern Med. 1991;
151:2065-2070.
4. Lofgren RP, Gottlieb D, Williams RA, Rich EC. Post-call transfer of resident responsibility: its effect on patient care. J Gen Intern Med. 1990;5:501-505.
5. Laine C, Goldman L, Soukup JR, Hayes JG. The impact of a regulation restricting
medical house staff working hours on the quality of patient care. JAMA. 1993;
269:374-378.
6. Petersen LA, Brennan TA, O’Neil AC, Cook EF, Lee TH. Does housestaff discontinuity of care increase the risk for preventable adverse events? Ann Intern Med. 1994;
121:866-872.

7. Moore C, Wisnivesky J, Williams S, McGinn T. Medical errors related to discontinuity of care from an inpatient to an outpatient setting. J Gen Intern Med. 2003;
18:646-651.
8. Hayward RA, Asch SM, Hogan MM, Hofer TP, Kerr EA. Sins of omission: getting
too little medical care may be the greatest threat to patient safety. J Gen Intern Med.
2005;20:686-691.
9. Tierney WM. Adverse outpatient drug events—a problem and an opportunity.
N Engl J Med. 2003;348:1587-1589.
10. Gurwitz JH, Field TS, Harrold LR, et al. Incidence and preventability of adverse drug
events among older persons in the ambulatory setting. JAMA. 2003;289:1107-1116.
11. Forster AJ, Murff HJ, Peterson JF, Gandhi TK, Bates DW. The incidence and severity of adverse events affecting patients after discharge from the hospital. Ann Intern Med. 2003;138:161-167.
12. Moxey ED, O’Connor JP, Novielli KD, Teutsch S, Nash DB. Prescription drug use in
the elderly: a descriptive analysis. Health Care Financ Rev. 2003;24:127-141.
13. Kaufman DW, Kelly JP, Rosenberg L, Anderson TE, Mitchell AA. Recent patterns
of medication use in the ambulatory adult population of the United States: the Slone
survey. JAMA. 2002;287:337-344.
14. Besdine R, Boult C, Brangman S, et al. Caring for older Americans: the future of
geriatric medicine. J Am Geriatr Soc. 2005;53(6)(suppl):S245-S256.
15. Landefeld CS. Improving health care for older persons. Ann Intern Med. 2003;139:
421-424.
16. Naylor CD, Anderson GM, Goel V. Patterns of health care in Ontario. Toronto, Ontario: Institute for Clinical Evaluative Sciences; 1994.
17. Williams JI, Young W. A summary of studies on the quality of health care administrative databases in Canada. In: Goel V, Williams JI, Anderson GM, BlacksterinHirsch P, Fooks C, Naylor CD, eds. Patterns of Health Care in Ontario: The ICES
Practice Atlas. Ottawa, Ontario: Canadian Medical Association; 1996:339-345.
18. Gurwitz JH, Glynn RJ, Monane M, et al. Treatment for glaucoma: adherence by the
elderly. Am J Public Health. 1993;83:711-716.
19. Ganz DA, Glynn RJ, Mogun H, Knight EL, Bohn RL, Avorn J. Adherence to guidelines for oral anticoagulation after venous thrombosis and pulmonary embolism.
J Gen Intern Med. 2000;15:776-781.
20. Benner JS, Glynn RJ, Mogun H, Neumann PJ, Weinstein MC, Avorn J. Long-term persistence in use of statin therapy in elderly patients. JAMA. 2002;288:455-461.
21. Avorn J, Monette J, Lacour A, et al. Persistence of use of lipid-lowering medications: a cross-national study. JAMA. 1998;279:1458-1462.
22. Kass MA, Gordon M, Morley RE Jr, Meltzer DW, Goldberg JJ. Compliance with topical timolol treatment. Am J Ophthalmol. 1987;103:188-193.
23. Jackevicius CA, Mamdani M, Tu JV. Adherence with statin therapy in elderly patients with and without acute coronary syndromes. JAMA. 2002;288:462-467.
24. Kass MA, Gordon MO, Hoff MR, et al. Topical timolol administration reduces the incidence of glaucomatous damage in ocular hypertensive individuals: a randomized,
double-masked, long-term clinical trial. Arch Ophthalmol. 1989;107:1590-1598.
25. Epstein DL, Krug JH Jr, Hertzmark E, Remis LL, Edelstein DJ. A long-term clinical
trial of timolol therapy versus no treatment in the management of glaucoma suspects.
Ophthalmology. 1989;96:1460-1467.
26. Fodor JG, Frohlich JJ, Genest JJ Jr, McPherson PR. Recommendations for the management and treatment of dyslipidemia: report of the Working Group on Hypercholesterolemia and Other Dyslipidemias. CMAJ. 2000;162:1441-1447.
27. Hart RG, Halperin JL, Pearce LA, et al. Lessons from the Stroke Prevention in Atrial
Fibrillation trials. Ann Intern Med. 2003;138:831-838.
28. Bajcar J, Farrell B, Foisy M. Patient-centered transfer of medicine-related information: an evaluation of a model: part 1. Can Pharm J. 1997;130:27-30.
29. Bajcar J, Kennie N, Einarson T. Collaborative medication management in a teambased practice primary care practice: an explanatory conceptual framework. Res
Soc Adm Pharm. 2005;1:408-429.
30. Kearon C, Hirsh J. Management of anticoagulation before and after elective surgery.
N Engl J Med. 1997;336:1506-1511.
31. Dunn AS, Turpie AG. Perioperative management of patients receiving oral anticoagulants: a systematic review. Arch Intern Med. 2003;163:901-908.
32. Pass SE, Simpson RW. Discontinuation and reinstitution of medications during the
perioperative period. Am J Health Syst Pharm. 2004;61:899-912.
33. Canadian Classification of Diagnostic, Therapeutic, and Surgical Procedures. Ottawa, Ontario: Statistics Canada; 1993.
34. Steiner JF, Prochazka AV. The assessment of refill compliance using pharmacy records: methods, validity, and applications. J Clin Epidemiol. 1997;50:105-116.
35. Schneeweiss S, Maclure M, Soumerai SB, Walker AM, Glynn RJ. Quasi-experimental longitudinal designs to evaluate drug benefit policy changes with low policy
compliance. J Clin Epidemiol. 2002;55:833-841.
36. Schneeweiss S, Seeger JD, Maclure M, Wang PS, Avorn J, Glynn RJ. Performance
of comorbidity scores to control for confounding in epidemiologic studies using
claims data. Am J Epidemiol. 2001;154:854-864.
37. Boockvar K, Fishman E, Kyriacou CK, Monias A, Gavi S, Cortes T. Adverse events
due to discontinuations in drug use and dose changes in patients transferred between acute and long-term care facilities. Arch Intern Med. 2004;164:545-550.

(REPRINTED) ARCH INTERN MED/ VOL 166, DEC 11/25, 2006
2530

WWW.ARCHINTERNMED.COM

©2006 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ on 05/25/2013

38. Himmel W, Tabache M, Kochen MM. What happens to long-term medication when
general practice patients are referred to hospital? Eur J Clin Pharmacol. 1996;
50:253-257.
39. Eisen GM, Baron TH, Dominitz JA, et al. Guideline on the management of anticoagulation and antiplatelet therapy for endoscopic procedures. Gastrointest Endosc.
2002;55:775-779.
40. Dean B, Schachter M, Vincent C, Barber N. Causes of prescribing errors in hospital
inpatients: a prospective study. Lancet. 2002;359:1373-1378.
41. Whyte J, Greenan E. Pattern and quality of recording pre-admission drug treatment in paediatric patients. BMJ. 1976;1:61-63.
42. Barnes PK, Hoile RW. Emergency admissions to a general medical unit: a survey
of the accompanying letters, with recommendations. BMJ. 1969;4:424-425.
43. Beveridge T, Petrie JC. Transfer of information about intake of drugs by patients
referred to medical units. BMJ. 1972;2:37-39.
44. Lau HS, Florax C, Porsius AJ, De BA. The completeness of medication histories in
hospital medical records of patients admitted to general internal medicine wards.
Br J Clin Pharmacol. 2000;49:597-603.
45. Cochrane RA, Mandal AR, Ledger-Scott M, Walker R. Changes in drug treatment
after discharge from hospital in geriatric patients. BMJ. 1992;305:694-696.
46. Cornish PL, Knowles SR, Marchesano R, et al. Unintended medication discrepancies at the time of hospital admission. Arch Intern Med. 2005;165:424-429.
47. Katz E, Nicod P, Brunner HR, Waeber B. Changes in treatment during and after hospitalization in patients taking drugs for cardiovascular diseases. Cardiovasc Drugs
Ther. 1996;10:189-192.
48. Beers MH, Dang J, Hasegawa J, Tamai IY. Influence of hospitalization on drug therapy
in the elderly. J Am Geriatr Soc. 1989;37:679-683.
49. Abrams J, Andrews K. The influence of hospital admission on long-term medication of elderly patients. J R Coll Physicians Lond. 1984;18:225-227.
50. Schumock GT, Guenette AJ, Keys TV, Hutchinson RA. Prescribing errors for patients about to be discharged from a university teaching hospital. Am J Hosp Pharm.
1994;51:2288-2290.
51. Kellaway GS, McCrae E. Non-compliance and errors of drug administration in patients discharged from acute medical wards. N Z Med J. 1975;81:508-512.
52. Sexton J, Brown A. Problems with medicines following hospital discharge: not always the patient’s fault? J Soc Adm Pharm. 1999;18:199-207.
53. van Walraven C, Seth R, Laupacis A. Dissemination of discharge summaries: not
reaching follow-up physicians. Can Fam Physician. 2002;48:737-742.
54. Bolton P, Mira M, Kennedy P, Lahra MM. The quality of communication between

55.

56.

57.

58.

59.
60.
61.

62.
63.
64.
65.
66.
67.

68.

(REPRINTED) ARCH INTERN MED/ VOL 166, DEC 11/25, 2006
2531

hospitals and general practitioners: an assessment. J Qual Clin Pract. 1998;18:
241-247.
van der Kam WJ, Meyboom de Jong B, Tromp TF, Moorman PW, van der LJ.
Effects of electronic communication between the GP and the pharmacist: the quality of medication data on admission and after discharge. Fam Pract. 2001;18:
605-609.
Getting started kit: prevent adverse drug events (medication reconciliation). Institute for Health Improvement. http://www.ihi.org/NR/rdonlyres/47D5AE1C-0B29
-4A59-8D58-BABF8F4E829F/0/ADEHowtoGuideFINAL5_25.pdf. 2006. Accessed August 21, 2006.
Kaushal R, Barker KN, Bates DW. How can information technology improve patient safety and reduce medication errors in children’s health care? Arch Pediatr
Adolesc Med. 2001;155:1002-1007.
Coleman EA, Mahoney E, Parry C. Assessing the quality of preparation for posthospital care from the patient’s perspective: the care transitions measure. Med Care.
2005;43:246-255.
Thomas EJ, Petersen LA. Measuring errors and adverse events in health care.
J Gen Intern Med. 2003;18:61-67.
Marley RA, Swanson J. Patient care after discharge from the ambulatory surgical
center. J Perianesth Nurs. 2001;16:399-417.
Wheeler K, Crawford R, McAdams D, et al. Inpatient to outpatient transfer of care
in urban patients with diabetes: patterns and determinants of immediate postdischarge follow-up. Arch Intern Med. 2004;164:447-453.
Gandhi TK. Fumbled handoffs: one dropped ball after another. Ann Intern Med. 2005;
142:352-358.
Branger PJ, van der Wouden JC, Schudel BR, et al. Electronic communication between providers of primary and secondary care. BMJ. 1992;305:1068-1070.
van Walraven C, Laupacis A, Seth R, Wells G. Dictated versus database-generated
discharge summaries: a randomized clinical trial. CMAJ. 1999;160:319-326.
Avorn J. Improving drug use in elderly patients: getting to the next level. JAMA.
2001;286:2866-2868.
Bell CM, Rahimi-Darabad P, Orner AI. Discontinuity of chronic medications in patients discharged from the intensive care unit. J Gen Intern Med. 2006;21:937-941.
Mamdani M, Rochon PA, Juurlink DN, et al. Observational study of upper gastrointestinal haemorrhage in elderly patients given selective cyclo-oxygenase-2 inhibitors
or conventional non-steroidal anti-inflammatory drugs. BMJ. 2002;325:624.
Brook RH, Appel FA, Avery C, Orman M, Stevenson RL. Effectiveness of inpatient
follow-up care. N Engl J Med. 1971;285:1509-1514.

WWW.ARCHINTERNMED.COM

©2006 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ on 05/25/2013

