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TRANSITIONS IN CARE ARE VUL-
nerable periods for patients
during hospitalization.1-5 Medi-
cal errors during this period

can occur as a result of incomplete or
inaccurate communication as respon-
sibility shifts from one physician to an-
other.1-9 At hospital discharge, pa-
tients may be susceptible to prescription
errors of omission, including the un-
intentional discontinuation of medica-
tions with proven efficacy for treating
chronic diseases.10

Treatment in the intensive care
unit (ICU) may place patients at
elevated risk for such errors of omis-
sion. Contributing aspects include
the focus on acute care, the transi-
tions of additional care, and the prac-
tice of temporarily discontinuing
many medications for chronic dis-
eases during a critical illness.11-13 Pre-
scription errors may occur as medi-
cations for chronic diseases are not
restarted when the acute episode

resolves or when the patient leaves
the ICU.10 In turn, patients may go
without these important medicationsFor editorial comment see p 878.
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Context Patients discharged from acute care hospitals may be at risk for uninten-
tional discontinuation of medications prescribed for chronic diseases. The intensive care
unit (ICU) may pose an even greater risk because of the focus on acute events and the
presence of multiple transitions in care.

Objective To evaluate rates of potentially unintentional discontinuation of medica-
tions following hospital or ICU admission.

Design, Setting, and Patients A population-based cohort study using administra-
tive records from 1997 to 2009 of all hospitalizations and outpatient prescriptions in On-
tario, Canada; it included 396 380 patients aged 66 years or older with continuous use of
at least 1 of 5 evidence-based medication groups prescribed for long-term use: (1) stat-
ins, (2) antiplatelet/anticoagulant agents, (3) levothyroxine, (4) respiratory inhalers, and
(5) gastric acid–suppressing drugs. Rates of medication discontinuation were compared
across 3 groups: patients admitted to the ICU, patients hospitalized without ICU admis-
sion, and nonhospitalized patients (controls). Odds ratios (ORs) were calculated and ad-
justed for patient demographics, clinical factors, and health services use.

Main Outcome Measures The primary outcome was failure to renew the pre-
scription within 90 days after hospital discharge.

Results Patients admitted to the hospital (n=187 912) were more likely to experi-
ence potentially unintentional discontinuation of medications than controls (n=208 468)
across all medication groups examined. The adjusted ORs (AORs) ranged from 1.18
(95% CI, 1.14-1.23) for discontinuing levothyroxine in 12.3% of hospitalized pa-
tients (n=6831) vs 11.0% of controls (n=7114) to an AOR of 1.86 (95% CI, 1.77-
1.97) for discontinuing antiplatelet/anticoagulant agents in 19.4% of hospitalized pa-
tients (n=5564) vs 11.8% of controls (n=2535). With ICU exposure, the AORs ranged
from 1.48 (95% CI, 1.39-1.57) for discontinuing statins in 14.6% of ICU patients
(n=1484) to an AOR of 2.31 (95% CI, 2.07-2.57) for discontinuing antiplatelet/
anticoagulant agents in 22.8% of ICU patients (n=522) vs the control group. Admis-
sion to an ICU was associated with an additional risk of medication discontinuation in
4 of 5 medication groups vs hospitalizations without an ICU admission. One-year fol-
low-up of patients who discontinued medications showed an elevated AOR for the
secondary composite outcome of death, emergency department visit, or emergent hos-
pitalization of 1.07 (95% CI, 1.03-1.11) in the statins group and of 1.10 (95% CI,
1.03-1.16) in the antiplatelet/anticoagulant agents group.

Conclusions Patients prescribed medications for chronic diseases were at risk for po-
tentially unintentional discontinuation after hospital admission. Admission to the ICU
was generally associated with an even higher risk of medication discontinuation.
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during the remainder of their hospi-
talization and after discharge.

Measuring and monitoring errors
of omission is a difficult and com-
plex task. We sought to determine
whether the potentially unintended
discontinuation of common, evidence-
based medications for chronic dis-
eases occurs after acute care hospital-
ization and whether an ICU admission
is associated with greater risk. By
focusing on evidence-based medica-
tions prescribed over the long-term
(�1 year) and excluding patients
when there were deliberate reasons for
discontinuations, we aim to minimize
the potential for misclassification of the
outcome.

METHODS
We conducted a population-based
cohort study that used linked admin-
istrative records between 1997 and
2009 of al l hospita l izat ions in
Ontario, Canada, for residents aged
66 years or older who had at least 1
year of continuous medication use in
at least 1 of 5 medication groups:
(1) statins; (2) antiplatelet or antico-
agulant agents; (3) levothyroxine;
(4) respiratory inhalers; and (5) gas-
tric acid–suppressing drugs. Patients
were required to demonstrate a mini-
mum of 1 year of continuous use of
the medication for study entry. This
time frame was selected because pre-
vious research suggests that patients
who are nonadherent to their pre-
scribed medication regimen for
chronic diseases typically stop using
their medications within the first few
months.14-18

We identified 3 distinct cohorts: (1)
patients who were discharged after a
hospitalization that included an ICU ad-
mission; (2) patients who were dis-
charged after a hospitalization that did
not include an ICU admission; and (3)
patients who were not hospitalized
(controls). Patients who died during
hospitalization were excluded. These 3
patient cohorts were assessed for the
outcome of failure to renew the pre-
scription within 90 days after hospital
discharge.

Setting and Databases
The linked administrative data
between April 1, 1997, and March 31,
2009, were encrypted with unique
identifiers and were from 4 separate
databases: (1) the Ontario Drug Ben-
efits database (all medications pre-
scribed to persons aged �65 years)19;
(2) the Canadian Institute for Health
Information Discharge Abstract Data-
base (hospitalizations, surgeries, and
procedures); (3) the Ontario Health
Insurance Plan database (physician
services billings); and (4) the Regis-
tered Persons Database (demographic
and vital status, deaths). Excellent
agreement has been found between
administrative hospitalization data
and chart audit.20,21 The analyses are
considered population-based because
of the comprehensive nature of uni-
versal health insurance in Ontario and
the negligible volume of patients who
seek care outside of the country.22,23

Patients and Medication Groups

All patients aged 66 years or older who
were prescribed medication continu-
ously for 1 year or more from at least 1
of the 5 medication groups were in-
cluded. These groups included: (1) stat-
ins; (2) antiplatelet or anticoagulant
agents (ie, clopidogrel, warfarin); (3)
levothyroxine; (4) respiratory inhal-
ers (anticholinergic, �-agonist, or ste-
roid); and (5) gastric acid–suppress-
ing drugs (histamine 2 blockers and
proton pump inhibitors). All of these
medications are commonly used in
older patients (�66 years), have docu-
mented adherence estimates for large
populations,14,15,24-26 and are evidence-
based therapies with established long-
term efficacy.1-7,14-18,24-26

Our medication choices represent
different theorized approaches to medi-
cation prescribing, medication taking,
and medication delivery systems (eg,
tablet vs inhaler). They include medi-
cations for the treatment of sympto-
matic and asymptomatic diseases. A few
are medications (respiratory inhalers
and gastric acid–suppressing drugs) that
are also used in the ICU for prophy-
laxis but may be routinely stopped upon

transfer.11-13 Earlier work using a struc-
tured chart review process showed that
at least one-fifth of patients in the ICU
who were taking medications in these
medication groups experienced an er-
ror of omission upon hospital dis-
charge and were unintentionally dis-
continued from their medication for
chronic diseases.10

This study was approved by the eth-
ics committees of the Sunnybrook
Health Sciences Centre and St Mi-
chael’s Hospital. We used the proto-
cols of the Institute for Clinical Evalu-
ative Sciences in Ontario, including the
waiver of patient consent, to maintain
data confidentiality and patient ano-
nymity.

Assessment of Drug Continuity
Prior to Hospitalization

The Ontario Drug Benefits database
was used to estimate the intended
duration of each prescription. Patients
who were dispensed a prescription
renewal prior to the end of their pre-
vious prescription period had the
excess drug carry over to the next
period. A grace period of 20% to refill
the next prescription was given for all
medication groups with the exception
of warfarin, which was allotted 50%
because this allows for possible altera-
tions in dose due to regular laboratory
monitoring. For example, a patient
with a 30-day statin prescription
would have 36 days to refill that pre-
scription and still be considered to
have continuous use. If the patient
did not refill the prescription within
these parameters for the entire year
prior to their index date, they were
excluded from the cohort.

Exposure and Index Dates

Three cohorts of patients were identi-
fied under each of the 5 medication
groups: (1) patients who were dis-
charged after a hospitalization that
included an ICU admission; (2)
patients who were discharged after a
hospitalization that did not include an
ICU admission; and (3) patients who
were not hospitalized (controls).
These cohorts were identified using
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hospital records and specific physi-
cian billing codes.19,20 The index dates
for patients with any hospitalization
were assigned by the discharge date.
For the individuals in the control
group of nonhospitalized patients, the
index dates were randomly assigned
from within the study period.

Exclusions

We excluded patients hospitalized
within the 6 months prior to the index
date. Patients also were excluded if they
died or were readmitted to the hospi-
tal within the 90 days following their
index date or if they were hospitalized
for longer than 15 days. Patients trans-
ferred from or discharged to a long-
term facility, chronic care facility, or be-
tween acute care hospitals also were
excluded. Patients displaying compli-
cations or contraindications to medi-
cations (eg, bleeding ulcer and warfa-
rin prescription) also were excluded.
These contraindications were specific
to each medication group to minimize
the possibility that there was an indi-
cation for intentional medication dis-
continuation (eTable 1 at http://www
.jama.com). The hospitalization was the
point of interest; individual patients
could be included more than once
within and across each medication
group, but only once as part of the non-
hospitalized patient control category per
medication group.

Outcomes

The medications included were se-
lected because they are evidence-
based therapies with established long-
term efficacy.1 - 7 Therefore, the
discontinuation of the selected medi-
cations was considered to indicate an
increased future risk for an adverse
event.27 The primary outcome was de-
fined as an absence of prescription re-
newal in the drug benefit database 90
days after the index date, expressed as
an odds ratio (OR) with patients in the
control group being the reference. A
within-class change of medication (eg,
between different types of statins) or
changes in medication dose were not
considered outcomes.

Sensitivity Analysis
and Secondary Outcomes
Individuals who died within 90 days af-
ter the index date were included in a
sensitivity analysis to estimate the level
of potential underestimation of medi-
cation discontinuation introduced by
our cohort selection method that ex-
cluded these deaths. Following assess-
ment of the primary outcome at 90 days
after the index date, patients were fol-
lowed up from day 91 through day 365.
They were evaluated for the compos-
ite patient outcomes of death, emer-
gency department visit, and emergent
hospitalization to estimate some of the
downstream effects of potentially un-
intentional discontinuation of medica-
tions prescribed for chronic diseases.

Covariates

We controlled for confounding fac-
tors that might influence medication
discontinuation. These patient-level fac-
tors included age, sex, low-income sta-
tus, length of stay, and comorbid dis-
ease burden as determined by the
number of distinct medications dis-
pensed in the year prior to cohort en-
try.28,29 The number of medications dis-
pensed in the year prior to cohort entry
included acute treatments and medi-
cations taken intermittently or for brief
periods (eg, antibiotics and lorazepam).

The models also included the num-
ber of primary care and internal medi-
cine specialist physician contacts prior
and subsequent to the index date to ac-
count for differences in the intensity of
ambulatory care and necessary medi-
cation changes. In the adjusted model,
we added variables known to be asso-
ciated with predicting nonadherence
among patients taking medications for
symptomatic and asymptomatic chronic
diseases.14-18 The variables included in
the adjusted analyses were age, sex, low-
income status, number of different pre-
scriptions, and number of primary care
or specialist visits.

Statistical Analysis

Separate analyses were performed for
each of the 5 medication groups. Mul-
tivariate logistic regression was used to

examine the effect of hospitalization on
medication discontinuation in each of
the 5 medication groups and to adjust
for the effects of confounding vari-
ables. Based on sample size calcula-
tions from earlier work with statins and
warfarin,30 we anticipated that we would
have more than 99% power to detect a
relative difference of less than 2% in the
proportion of patients continuing medi-
cations with a 2-tailed � level of .05.
Relative differences smaller than these
are not likely to be clinically impor-
tant. All statistical analyses were con-
ducted in SAS software version 9.2 (SAS
Institute Inc, Cary, North Carolina).

RESULTS
The study included 187 912 hospital-
ized patients and 208 468 controls
(TABLE 1). A total of 4120 hospitaliza-
tions were excluded due to contrain-
dications and another 23 224 were ex-
cluded due to death within 90 days of
the index date (eTable 2 at http://www
.jama.com). Among the hospitalized pa-
tients, 16 474 individuals were admit-
ted to the ICU (Table 1). The majority
were women and about one-quarter had
low-income economic status. Almost all
patients were in contact with a pri-
mary care physician during the year
prior to their index date (Table 1). In
addition, the majority (n=348 814;
88%) fell into 3 medication groups: stat-
ins, levothyroxine, and gastric acid sup-
pressors (TABLE 2).

Medication Discontinuation

There was a range in the proportion of
patients in the separate medication cat-
egories experiencing the primary out-
come of medication discontinuation at
90 days. The highest rate of medica-
tion discontinuation occurred in the an-
tiplatelet or anticoagulant agent group
(n=5564; 19.4%) (TABLE 3). In this
group, there were 552 patients (22.8%)
with an ICU admission who discontin-
ued these medications after hospital dis-
charge (TABLE 4). In contrast, of the
21 490 patients in the control group
who were receiving antiplatelet or an-
ticoagulant medications, only 2535
(11.8%) experienced the primary out-
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come of medication discontinuation at
90 days (Table 3).

The respiratory inhaler group had the
lowest rate of medication discontinu-
ation (n=231; 4.5%) (Table 3). Of the
patients who experienced the primary
outcome of medication discontinua-
tion, 5.4% were in the ICU admission
group (n=20) compared with 3% in the
control group (n=79) (Table 3 and
Table 4).

Adjusted Analyses

All medication groups had statisti-
cally significant adjusted ORs (AORs)
for hospitalized patients experiencing
the primary outcome of discontinua-
tion compared with nonhospitalized pa-
tients. The lowest AOR was 1.18 (95%
confidence interval [CI], 1.14-1.23) for
discontinuing levothyroxine and the
highest AOR was 1.86 (95% CI, 1.77-
1.97) for discontinuing antiplatelet or
anticoagulant agents (Table 3).

ICU Exposure
There is an increased risk of medica-
tion discontinuation in patients with an
ICU admission compared with nonhos-
pitalized patients. The lowest AOR was
1.48 (95% CI, 1.39-1.57) for discon-
tinuing statins and the highest AOR was
2.31 (95% CI, 2.07-2.57) for discon-
tinuing antiplatelets or anticoagulant

agents (Table 3). Overall, the increased
risk of medication discontinuation in
patients with an ICU admission was
statistically significant in 4 of the 5
medication groups compared with hos-
pitalized patients without an ICU ad-
mission. The effect was observed for an-
tiplatelet or anticoagulants agents, gastric
acid suppressors, statins, and levothy-
roxine. The lowest AOR was 1.11 (95%
CI, 1.05-1.18) for discontinuing stat-
ins and the highest AOR was 1.29 (95%
CI, 1.17-1.41) for discontinuing levo-
thyroxine (Table 4).

Sensitivity Analysis
and Secondary Outcomes

When our primary analyses were re-
peated to include patients who died
within the 90 days following their in-
dex date, the resulting AORs for medi-

cation discontinuation were higher than
the reported estimates for all medica-
tion groups and remained statistically
significant. Patients experienced the
composite outcome of death, emer-
gency department visit, or emergent
hospitalization from day 91 through day
365 after the index date at varying rates
across the medication groups (TABLE 5).
The comparison of patients who had
continuous prescriptions (n=30 791;
36.5%) with patients who experi-
enced discontinuation of their statins
yielded an AOR of 1.07 (95% CI, 1.03-
1.11). Similarly, patients who experi-
enced discontinuation of antiplatelet or
anticoagulant medications had a higher
risk of these adverse events (AOR, 1.10;
95% CI, 1.03-1.16). Nonsignificant re-
sults were found for all other medica-
tion groups (Table 5).

Table 2. Sample Size by Study Group

Hospitalizations

ControlsAll
Without
ICU Stay

With
ICU Stay

Medication group
Statins 97 533 87 395 10 138 108 944

Antiplatelets or anticoagulants 28 721 26 298 2423 21 490

Levothyroxine 55 570 51 476 4094 64 927

Respiratory inhalers 5149 4777 372 2658

Gastric acid suppressors 57 099 52 738 4361 46 192
Abbreviation: ICU, intensive care unit.

Table 1. Patient Demographics by Study Group

Hospitalizationsa

Control
(n = 208 468)a

All
(n = 187 912)

Without
ICU Stay

(n = 171 438)

With
ICU Stay

(n = 16 474)

Age at index date, mean (SD), y 76.5 (6.15) 76.6 (6.18) 75.4 (5.61) 75.8 (6.16)

Male sex, No. (%) 87 790 (46.7) 78 337 (45.7) 9453 (57.4) 83 263 (39.9)

Low-income status, No. (%)b 47 842 (25.5) 44 118 (25.7) 3724 (22.6) 49 799 (23.9)

In the year prior to index date
No. of medications prescribed, median (IQR)c 12 (9-17) 12 (9-17) 13 (10-18) 9 (6-13)

PCP visits, No. (%) 184 787 (98.3) 168 595 (98.3) 16 192 (98.3) 202 869 (97.3)

PCP visits, median (IQR)
90 d prior to admission 3 (1-5) 3 (1-5) 3 (1-4) 2 (1-3)

90 d after index date 3 (2-5) 3 (2-5) 4 (2-6) 2 (1-3)

Internal medicine and subspecialist visits, median (IQR)
90 d prior to admission 1 (0-2) 1 (0-2) 1 (0-3) 0 (0-1)

90 d after index date 1 (0-2) 1 (0-2) 2 (0-3) 0 (0-1)

Teaching hospital, No. (%) 45 771 (24.4) 39 454 (23.0) 6317 (38.3) NA
Abbreviations: ICU, intensive care unit; IQR, interquartile range; NA, data not applicable; PCP, primary care physician.
a Individuals may be included in more than 1 medication group (eTable 3 at http://www.jama.com).
bDefined as individual income of less than $16 018 or combined household income of less than $24 175.
c Includes acute treatments and medications prescribed as needed (eg, antibiotics).
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COMMENT
Our study of just under 400 000 indi-
viduals who were continuous users of
medications for chronic diseases as-
sessed the risk of hospitalization and
ICU admission based on the rate of po-
tentially unintentional discontinua-
tion of common evidence-based thera-
pies. We evaluated this effect across 5
medication groups used to treat com-
mon chronic diseases and diagnoses.
The medications were selected be-
cause their discontinuation has been as-
sociated with adverse events.1-7,27

After controlling for covariates and
confounding factors, all medication
groups demonstrated an elevated risk
of potentially unintentional discon-
tinuation at 90 days following hospi-
tal discharge. We found an additional
risk of discontinuation associated with
ICU admission in 4 of the 5 medica-
tion groups. Furthermore, 2 of the 5
medication groups showed an in-
creased adjusted risk of death, hospi-
talization, and emergency department

visit up to 1 year after hospital dis-
charge. This underscores the wide-
spread prevalence of potential errors of
omission and the risk for long-term
harm following hospitalization.

Medication reconciliation studies
have documented prescription errors af-
ter hospital discharge, demonstrating
that unintentional medication discon-
tinuation is a common occurrence.31-33

These earlier studies mostly had single
site, cross-sectional designs that were
limited in their patient population and
medication types. Our study exam-
ined potential errors of omission on a
systemwide basis for an extended pe-
riod in a diverse patient population with
a focus on important long-term medi-
cations for chronic diseases.

The results of our study are consis-
tent with findings from a structured im-
plicit review of clinical data from 3 ICUs
that identified the drug classes at risk
of discontinuation and confirmed the
potentially unintentional nature of the
medication discontinuation.10 This

study provided the basis for the se-
lected medication groups examined
herein. Earlier work applying a simi-
lar method in elective surgery patients
also found that hospital exposure may
lead to potentially unintentional medi-
cation discontinuation.30 The effect was
detected in patients treated with war-
farin but not statins. This difference may
reflect some differences in the out-
come definition as well as clinical sur-
gical practices that focus more on an-
ticoagulation management than other
medications for chronic diseases. In
contrast, our present findings have
broad implications in that they iden-
tify an elevated risk for medication dis-
continuation across all tested medica-
tion groups and all areas of the hospital.

Our study also found that treat-
ment in an ICU places patients at even
greater risk for potentially uninten-
tional discontinuation of their medica-
tions. This may relate to the addi-
tional transitions inherent in ICU care.
The deliberate suspension of certain
medications for resuscitation is often re-
quired, which later may be forgotten or
overlooked upon discharge. More-
over, the clinical focus of the ICU is on
acute care and medications for chronic
diseases are often not prescribed be-
cause they can complicate the manage-
ment of patients.

Future quality improvement inter-
vention strategies should focus on for-
mal medication reconciliation efforts at
ICU discharge.34-37 Some facilities have
used their critical care rapid response
teams to provide post-ICU discharge
follow-up.38,39 Incorporating formal

Table 3. Outcome of Unintentional Discontinuation by Medication Group

No. (%) of Patients

AOR
(95% CI)b

ICU Staya

Control Group Hospitalized
No. (%)

of Patients
AOR

(95% CI)b

Medication discontinuedc

Statins 11 627 (10.7) 13 277 (13.6) 1.33 (1.29-1.37) 1484 (14.6) 1.48 (1.39-1.57)

Antiplatelets or anticoagulants 2535 (11.8) 5564 (19.4) 1.86 (1.77-1.97) 522 (22.8) 2.31 (2.07-2.57)

Levothyroxine 7114 (11.0) 6831 (12.3) 1.18 (1.14-1.23) 614 (15) 1.51 (1.38-1.66)

Respiratory inhalers 79 (3.0) 231 (4.5) 1.50 (1.15-1.97) 20 (5.4) 1.84 (1.10-3.08)

Gastric acid suppressors 4330 (9.4) 7394 (12.9) 1.50 (1.43-1.56) 670 (15.4) 1.87 (1.71-2.05)
Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; ICU, intensive care unit.
aPatients with an ICU stay compared with the control group.
bAdjusted for age, sex, low-income status (defined as individual income �$16 018 or combined household income �$24 175), number of different prescriptions, and number of

primary care physician or specialist visits.
cThere is detailed information for each medication group in eTable 3 at http://www.jama.com.

Table 4. Unintentional Discontinuation by Medication Group and ICU Stay

No. (%) of Patients

AOR (95% CI)a
Without
ICU Stay

With
ICU Stay

Medication discontinuedb

Statins 11 793 (13.5) 1484 (14.6) 1.11 (1.05-1.18)

Antiplatelets or anticoagulants 5012 (19.1) 552 (22.8) 1.25 (1.13-1.39)

Levothyroxine 6217 (12.1) 614 (15.0) 1.29 (1.17-1.41)

Respiratory inhalers 211 (4.4) 20 (5.4) 1.23 (0.76-1.97)

Gastric acid suppressors 6724 (12.7) 670 (15.4) 1.26 (1.15-1.37)
Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; ICU, intensive care unit.
aAdjusted for age, sex, low-income status (defined as individual income �$16 018 or combined household income

�$24 175), number of different prescriptions, and number of primary care physician or specialist visits.
bThere is detailed information for each medication group in eTable 3 at http://www.jama.com.
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medication reconciliation into this pro-
cess may be a natural extension of this
practice so that potential errors of omis-
sion in the ICU are detected and do not
persist after hospital discharge.

Some of the selected medications in
our study had higher risks than others
for medication discontinuation after
hospital discharge. This may relate to
inherent differences between the medi-
cations as a consequence of different
theorized approaches to medication
prescribing, medication taking, and
medication dispensing.40 For ex-
ample, many patients on a ventilator in
the ICU are prescribed bronchodila-
tors to improve lung function even in
the absence of chronic lung disease.
When they are discharged, these medi-
cations may be unintentionally discon-
tinued because they were (mistak-
enly) perceived to have been initially
prescribed in the ICU. Still, the ob-
served effect appears to be consistent
across all medication groups exam-
ined.

The downstream effects of uninten-
tional discontinuation of the various
medications vary in severity accord-
ing to the individual medication group.
In our findings for the secondary out-
come analysis, some medication groups
showed an increased adjusted risk of
death, emergency department visit, and
hospitalization while others did not.
Some outcomes may be more severe
than others and may differ depending
on the individual medication and its
original indication. Discontinuing a
proton pump inhibitor may result in
gastrointestinal tract symptoms or pep-
tic ulcer, whereas an unintended dis-
continuation of warfarin medication in
a patient with atrial fibrillation in-
creases the risk of an embolic stroke.41-43

In general, the unintentional discon-
tinuation of common evidence-based
medications can further exacerbate
chronic disease management follow-
ing an acute care hospitalization when
there is an elevated risk of hospital re-
admission or death.44

Better communication and a system-
based method have been advocated as
possible solutions to improve medica-

tion continuity and safety. These strat-
egies can range from customized inte-
grated hospital computer systems to
simple preprinted forms.45 However,
their success is contingent on includ-
ing all relevant clinicians and the pa-
tients themselves.46 Formal programs
such as medication reconciliation and
standard discharge summaries can pro-
vide a means to improve interdisciplin-
ary communication, including with
primary care clinicians.34,36,37,47 Identi-
fication of high-risk patients and trans-
fers in care may help improve pro-
gram efficiency and focus valuable
resources.48-51

Our study has several important limi-
tations. First, we used administrative in-
formation that can measure associa-
tions but cannot prove causality. Still,
the data sources have demonstrated
good reliability and the techniques ap-
plied have been validated in previous
work studying medications in elderly
patients.1,2,25,26

Second, the data lacked sufficient
clinical detail to guarantee our classi-
fication of medication discontinua-
tion as unintentional. Some medica-
tions may have been intentionally
discontinued and there may be posi-
tive patient-related effects, such as those
associated with polypharmacy.52,53

However, we designed our study to
minimize the likelihood that the ob-
served medication discontinuation was
intentional. Specifically, we included
long-term medications and required 1

year of continuous medication use to
exclude the possibility that the medi-
cation was discontinued due to a com-
pleted course of treatment. This pro-
vision also minimized possible
confounding from patient nonadher-
ence because the greatest reduction in
adherence typically occurs within the
first 6 months of treatment.14-18 Pa-
tients were excluded if they had any di-
agnoses related to a possible indica-
tion for intentional medication
discontinuation (eg, myositis and statin
prescription). Furthermore, our use of
a control group helped estimate the
baseline risk of medication discontinu-
ation. Hospital admission and ICU ad-
mission may provide additional oppor-
tunit ies to review medicat ions
compared with control groups. There-
fore, we cannot exclude the possibil-
ity that some of these medication dis-
continuations were intentional, but
consider this to be an unlikely sce-
nario for medications such as levothy-
roxine or statins because hospitaliza-
tion is unlikely to introduce any
contraindications to receiving these
medications. We excluded individu-
als hospitalized for any reason 90 days
after the index date to prevent includ-
ing those with active medical issues.
Moreover, an earlier chart review study
with extensive clinical information
yielded similar findings.10

Third, as with any observational
study, our findings may be influenced
by bias or confounding. However, we

Table 5. Secondary Outcome Analysis of Medication Discontinuationa

Death, ED Visit, or Emergent Hospitalization
(91-365 d After Index Date)

No. (%) of Patients

AOR (95% CI)b
Medication
Continued

Medication
Discontinued

Medication group
Statins 30 791 (36.5) 5052 (38.1) 1.07 (1.03-1.11)

Antiplatelets or anticoagulants 10 824 (46.7) 2692 (48.4) 1.10 (1.03-1.16)

Levothyroxine 18 877 (38.7) 2607 (38.2) 0.99 (0.94-1.05)

Respiratory inhalers 2626 (53.4) 115 (49.8) 0.87 (0.67-1.14)

Gastric acid suppressors 21 742 (43.7) 3210 (43.4) 1.02 (0.97-1.07)
Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; ED, emergency department.
aThe primary outcome was assessed at 90 days after the index date.
bAdjusted for age, sex, low-income status (defined as individual income �$16 018 or combined household income

�$24 175), number of different prescriptions, and number of primary care physician or specialist visits.
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developed comparable patient groups
through our inclusion criteria, match-
ing strategy, use of a control group, and
covariate adjustment, including inter-
nal medicine and primary care consul-
tations that address the issue of clini-
cal attention to account for baseline
differences.

Fourth, the reasons for hospitaliza-
tion, especially for those patients ad-
mitted to the ICU, were different and
we cannot exclude the possibility that
some of the medication discontinua-
tions were related to the individual in-
dications for hospitalization. Fifth, even
though our study cohort only in-
cluded elderly patients (�66 years), the
findings are likely generalizable to the
general population even though older
individuals may be more susceptible to
these types of errors because they are
prescribed more medications and are
hospitalized more often than younger
people.54-58

Sixth, due to limitations in the avail-
able data, we were unable to adjust for
hospital characteristics, including staff-
ing models such as hospitalist care, di-
rectly. However, we adjusted for pri-
mary and specialist care visits before
and after the index date as a means of
addressing this potential bias.

Finally, we excluded individuals who
died after hospital discharge. Because
unintentional medication discontinu-
ation could be associated with adverse
health outcomes and death, exclusion
of these patients from our analysis could
lead us to underestimate the true risk
of medication discontinuation. Taken
as a whole, it is unlikely that any of the
various limitations would invalidate our
principal findings of an increased risk
of potentially unintentional discon-
tinuation of selected medications for
chronic diseases after hospitalization
and the elevated risk attributable to an
ICU admission.

Gaps in the continuity of care are an
area of vulnerability for patient safety.
We found that patients discharged
from the hospital have an elevated risk
of not continuing their long-term
medications for chronic diseases and
that treatment in the ICU appears to

further increase this risk. These find-
ings emphasize the importance of a
systematic approach to transitions in
health care to ensure medication con-
tinuity. In this way, success in the
management of hospitalized patients
can translate into success in the man-
agement of community patients.
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