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IMPORTANCE The National Action Plan for Adverse Drug Event (ADE) Prevention identified 3
high-priority, high-risk drug classes as targets for reducing the risk of drug-related injuries:
anticoagulants, diabetes agents, and opioids.

OBJECTIVE To determine whether a multifaceted clinical pharmacist intervention improves
medication safety for patients who are discharged from the hospital and prescribed
medications within 1 or more of these high-risk drug classes.

DESIGN, SETTING, AND PARTICIPANTS This randomized clinical trial was conducted at a large
multidisciplinary group practice in Massachusetts and included patients 50 years or older
who were discharged from the hospital and prescribed at least 1 high-risk medication.
Participants were enrolled into the trial from June 2016 through September 2018.

INTERVENTIONS The pharmacist-directed intervention included an in-home assessment by a
clinical pharmacist, evidence-based educational resources, communication with the primary
care team, and telephone follow-up. Participants in the control group were provided
educational materials via mail.

MAIN OUTCOMES AND MEASURES The study assessed 2 outcomes over a 45-day posthospital
discharge period: (1) adverse drug-related incidents and (2) a subset defined as clinically
important medication errors, which included preventable or ameliorable ADEs and potential
ADEs (ie, medication-related errors that may not yet have caused injury to a patient, but have
the potential to cause future harm if not addressed). Clinically important medication errors
were the primary study outcome.

RESULTS There were 361 participants (mean [SD] age, 68.7 [9.3] years; 177 women [49.0%];
319 White [88.4%] and 8 Black individuals [2.2%]). Of these, 180 (49.9%) were randomly
assigned to the intervention group and 181 (50.1%) to the control group. Among all
participants, 100 (27.7%) experienced 1 or more adverse drug-related incidents, and 65 (18%)
experienced 1 or more clinically important medication errors. There were 81 adverse
drug-related incidents identified in the intervention group and 72 in the control group. There
were 44 clinically important medication errors in the intervention group and 45 in the control
group. The intervention did not significantly alter the per-patient rate of adverse drug-related
incidents (unadjusted incidence rate ratio, 1.13; 95% CI, 0.83-1.56) or clinically important
medication errors (unadjusted incidence rate ratio, 0.99; 95% CI, 0.65-1.49).

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, there was not an observed
lower rate of adverse drug-related incidents or clinically important medication errors during
the posthospitalization period that was associated with a clinical pharmacist intervention.
However, there were study recruitment challenges and lower than expected numbers of
events among the study population.
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U p to one-fifth of patients experience an adverse event
within weeks of leaving the hospital, and many of these
events may be preventable.1,2 The risk for adverse drug

events (ADEs), defined as injury due to a medication, is espe-
cially high for older patients as they transition from the inpa-
tient to the outpatient setting.3,4

The National Action Plan for Adverse Drug Event Preven-
tion identified 3 high-priority drug classes as key targets for
reducing the risk of drug-related injuries: anticoagulants, dia-
betes agents (insulin and oral agents), and opioids.5 These
medication classes account for the most measurable drug-
related harms to patients, and many of the ADEs that are as-
sociated with these medications are considered preventable.6-9

Insulins, opioid-containing analgesics, and warfarin are among
the most common medications implicated in emergency de-
partment visits and hospitalizations for ADEs,6,7 especially
among older adults.8

In this study, patients recently discharged from the hos-
pital who had been prescribed medications within 1 or more
of 3 high-priority, high-risk drug classes were randomly as-
signed to a treatment group that received a multifaceted phar-
macist-directed medication safety intervention or a control
group that received medication safety educational materials
via mail.

Methods
Setting
Reliant Medical Group is a multispecialty group practice lo-
cated in Central Massachusetts that employs 300 physicians
and 200 mid-level clinicians and provides care to more than
300 000 patients. Most patients cared for by the group are hos-
pitalized in a 321-bed general medical and surgical hospital.
Only patients of the medical group who were discharged from
this hospital were eligible to participate in the study. We de-
termined that although medication reconciliation proce-
dures routinely happened at the time of hospital discharge, no
additional medication safety interventions were systemati-
cally used, and there were no hospital-initiated efforts that
extended into the outpatient setting. Patients taking warfa-
rin were treated by an outpatient anticoagulation service of
the medical group. However, connecting or reconnecting a
recently discharged warfarin-treated patient with the antico-
agulation service was the responsibility of the primary care
clinician.

Eligibility Criteria
Eligibility criteria included individuals discharged from the hos-
pital who were patients of primary care physicians of the mul-
tispecialty medical group, prescribed at least 1 high-risk medi-
cation (anticoagulants, diabetes agents [insulin and oral
agents], and/or opioids), and met at least 1 of the following ad-
ditional criteria: (1) prescribed 2 or more high-risk medica-
tions, (2) low health literacy levels, (3) poor (self-reported)
medication adherence, (4) had a proxy or reported having a
caregiver, or (5) prescribed more than 7 different medica-
tions. Individuals were not eligible if they were (1) discharged

to hospice; (2) hospitalized for a psychiatric condition; (3) dis-
charged to a skilled nursing facility, rehabilitation hospital, or
nursing home; (4) non–English speaking; or (5) incapable of pro-
viding informed consent and a proxy was not available. Ini-
tially, only patients 65 years or older were considered eligible
(Supplement 1).10

We had planned to recruit 500 participants. After 8 months
of lower than expected recruitment, the eligibility criteria that
were relevant to patient age were relaxed from 65 years or older
to 50 years or older, and the recruitment period was ex-
tended an additional year to increase the number of poten-
tially eligible individuals to recruit. Despite those changes, we
still did not achieve our recruitment goal.

Intervention
Components of the intervention included (1) in-home assess-
ment by a clinical pharmacist (within 4 days of discharge from
the hospital), (2) use of printed educational resources that were
targeted to patients who were taking high-risk medications and
their caregivers, (3) communication with the primary care team
via the electronic health record (EHR) regarding concerning is-
sues that were relevant to medication safety, and (4) a fol-
low-up telephone call by the pharmacist to the patient and/or
caregiver 14 days after the home visit.

The in-home visit by the study pharmacist consisted of
3 components: (1) medication review, (2) observation of medi-
cation organization and administration, and (3) in-depth
patient and caregiver (if applicable) discussions about chal-
lenges to safe medication use. During the home visit, the clini-
cal pharmacist distributed medication safety educational ma-
terials that were relevant to high-risk medications and featured
medication instructions, including dose timing, dietary pre-
cautions, situational guidance (what to do when a patient
misses a dose), and recommendations for when to contact the
primary care clinician.

Key findings of the visit by the clinical pharmacist were
communicated via the EHR immediately following the visit to
alert the primary care team to safety issues that were particu-
larly relevant to the high-risk medication categories, as well
as safety issues relevant to other medications. For any urgent
medication-related problems, including serious medication in-
teractions, adverse effects, or dosage outside of the usual range,

Key Points
Question What is the effect of a clinical pharmacist intervention
on medication safety in patients who were recently discharged
from the hospital and prescribed high-risk medications?

Findings In this randomized clinical trial including 361
participants, more than a quarter of patients experienced adverse
drug-related incidents and nearly 1 in 5 experienced clinically
important medication errors in the 45-day period following
hospital discharge. A reduction in these events that was related to
the intervention was not observed.

Meaning This study did not demonstrate an improvement in
medication safety with a pharmacist-directed intervention during
the high-risk posthospitalization period.
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the clinical pharmacist called the primary care clinician’s of-
fice directly. Fourteen days after the home visit, the clinical
pharmacist made a follow-up telephone call to discuss any
problems and review and reinforce instructions that were pro-
vided during the in-home visit. Any urgent medication-
related problems were again communicated with the pri-
mary care team. Control group participants were mailed print
materials with information on the high-risk medications that
were relevant to them.

Recruitment for the Trial
Recruitment occurred from June 2016 through September
2018. Identification of potential participants occurred through
an automated system that evaluated the medication list within
the hospital discharge summary. Recruitment calls for poten-
tially eligible individuals were initiated as soon as possible fol-
lowing hospital discharge to enable scheduling for a pharma-
cist in-home visit by the fourth day postdischarge. Participants
were offered a $25 gift card.

If an individual provided verbal consent, he or she was ran-
domized so that the home visit could be scheduled immedi-
ately, but the individual was not considered enrolled until writ-
ten informed consent was obtained. Written consent was
sought during the study visit for the intervention group and
via mail for the control group. This study was approved by the
University of Massachusetts Medical School institutional re-
view board.

As detailed in the Figure, 7075 patients were identified
as potentially eligible. Health record reviews were not con-
ducted on 605 potentially eligible patients because of vari-
ous reasons, including documentation of a “do not call for re-
search” in the patient record, staff availability, and delays in
receiving information from the hospital to assess eligibility.
Study staff conducted health record reviews on 6470 pa-

tients and identified 4539 patients as eligible for recruitment
calls. Of the 3755 patients reached by telephone, 3606 were
found to be eligible. Of these, 459 (12.7%) gave verbal con-
sent and were randomized (230 intervention [50.1%], 229 con-
trol [49.9%]); we used randomly permuted blocks of sizes 10
and 16, which were generated in SAS, version 9.4 (SAS Insti-
tute). Randomization was stratified jointly by presence/
absence of a caregiver and by the number of high-risk drug
classes prescribed (1 vs 2 or more).

There were 361 individuals (180 intervention [49.9%], 181
control [50.1%]) who completed written consent and were en-
rolled in the study. A more detailed description of recruit-
ment and enrollment relating to our study has been previ-
ously published.11

Outcome Event Definitions
We assessed 2 outcomes: (1) adverse drug-related incidents
and (2) a subset defined as clinically important medication
errors,12 which included preventable or ameliorable ADEs and
potential ADEs (medication-related errors that may not yet
have caused injury to a patient, but have the potential to
cause future harm if not addressed). Clinically important
medication errors were the primary study outcome. The ADEs
combined with potential ADEs comprised adverse drug-
related incidents. Clinically important medication errors
included preventable or ameliorable ADEs and potential
ADEs. A preventable ADE was defined as a drug-related injury
relating to a medication error (eg, errors in ordering, dispens-
ing, administration, and use or monitoring). Some ADEs were
not entirely preventable; however, their duration or severity
could be reduced and such events were defined as ameliorable
ADEs. The eFigure in Supplement 2 depicts the relationships
between these different categories of outcome events. This
categorization scheme is adapted from the 2007 report pub-

Figure. Adapted Consolidated Standards of Reporting Trials Flow Diagram

7075 Hospital discharges identified
4539 Eligible for recruitment
1931 Excluded after medical record review/ineligible
605 Unable to complete chart review

3606 Eligible patients reached by telephone

50 Written consent not completed

230 Randomized to intervention

180 Written consent obtained, enrolled, and analyzed

48 Written consent not completed

229 Randomized to control

181 Written consent obtained, enrolled, and analyzed

933 Excluded: unable to recruit/ineligible
681 Unable to reach by telephone
149 Reached and ineligible
103 Unable to attempt recruitment call

3147 Declined participation

3606 Randomized
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lished by the National Academy of Sciences.13 Measured out-
comes were not limited just to the high-risk medications (an-
ticoagulants, diabetes agents, and opioids), but also included
all medications.

Event Finding
Two clinical pharmacists (A.O.K. and J.L.D.) reviewed the
EHRs of each patient for the 45-day period following hospi-
tal discharge; they did not participate as clinical pharma-
cists in the intervention. We made every effort to mask the
pharmacist-investigators to the status of the patient with
regard to randomization to the intervention or control arm.
They reviewed outpatient encounters, telephone communi-
cations, discharge summaries, emergency department vis-
its, and laboratory results. Each review followed a standard-
ized procedure for searching for signals that suggested a
possible drug-related incident. In addition, the pharmacist-
investigators reviewed information derived from a semi-
structured telephone interview that was conducted with
the patient and/or caregiver between 5 and 6 weeks follow-
ing hospital discharge. Following the approach of Forster
and colleagues,2 the interview assessed the patient’s condi-
tion since hospital discharge by using a full review of organ
systems, with special attention given to symptoms that may
have been relevant to medication(s) that the patient had
been receiving. The patient was asked about symptom
severity, timing in relation to hospitalization and treat-
ments, and resolution.

The clinical pharmacist prepared an event summary for
each possible drug-related incident, which was reviewed in-
dependently by 2 masked physician investigators (A.K, S.S,
S.L.C., and J.H.G.). The physicians used a structured implicit
review process according to the following criteria: whether an
event was present, the type of event, the severity of the event,
and whether the event was preventable. This approach has
been used in numerous prior studies across various clinical
settings.14-24 Physician reviewers were not aware of whether
a drug-related incident being reviewed had occurred in an
intervention group patient or a control patient. Adverse drug
events were categorized as less serious, serious, life threaten-
ing, or fatal. Preventability was categorized as preventable,
probably preventable, probably not preventable, or definitely
not preventable, and results were collapsed into preventable
(preventable and probably preventable) and nonpreventable
(probably not preventable and definitely not preventable).
When physician reviewers disagreed on the classification of
an event regarding its presence, severity, or preventability,
they met and reached consensus; consensus was reached in
all instances in which there was initial disagreement.

Data Analysis
Possible differences between the randomized intervention and
control groups across patient characteristics (eg, demo-
graphic factors, comorbidity, prescribed medications, and as-
pects of the index hospitalization) were investigated using t
tests for continuous variables and χ2 tests for dichotomous and
categorical variables. Race and ethnicity information was char-
acterized solely based on information available in the EHR. The

primary outcomes of interest were adverse drug-related inci-
dents and clinically important medication errors. To evaluate
the effect of the multifaceted intervention, we estimated the
mean incidence rates of these outcomes within each group (in-
tervention and control). Time denominators for the inci-
dence rates considered the number of days that participants
were available for EHR review and the telephone interview dur-
ing a maximum of 45 days postdischarge, excluding days af-
ter a participant was rehospitalized, died, or disenrolled as a
patient cared for by the medical group. Incidence rates were
calculated as events per 100 person-days. Analysis of the pri-
mary outcomes was a direct comparison of the incidence rates
for the intervention and control groups (incidence rate ra-
tios) using multivariable analyses using Poisson binomial re-
gression, considering the number of days each participant was
followed, and adjusting for age, sex, and having visiting nurse
services.

We also determined the prevalence of an emergency de-
partment visit or rehospitalization among intervention and
control patients. In addition, we assessed the medication cat-
egories associated with the main study outcomes (adverse
drug-related incidents and clinically important medication
errors), and ADEs were characterized by type.

We had initially planned to recruit 500 participants. We
estimated an expected incidence rate of the outcome of clini-
cally important medication errors in the control group based
on the findings of Kripalani and colleagues,12 which were 0.95
events per patient over a 30-day period after hospital dis-
charge. Assuming this baseline rate, extending the observa-
tion period to 45 days, and with 0.80 power, we would be able
to detect a reduction of 19% (incidence rate ratio, 0.81) with
500 participants.

Results
Study participants had a mean (SD) age of 68.7 (9.3) years, the
age range was 50 to 94 years, and there were 177 women (49%).
We achieved a satisfactory balance of patient characteristics
across arms (Table 1); the only characteristic that was signifi-
cantly different between the intervention and control arms was
having visiting nurse services.

The clinical pharmacist reviewers identified 191 possible
drug-related incidents, of which 153 (80%) were adjudicated
by the physician reviewers as adverse drug-related incidents.
Among all participants, 100 (27.7%) experienced 1 or more ad-
verse drug-related incidents, and 65 (18%) experienced 1 or
more clinically important medication errors. Table 2 summa-
rizes the trial findings. There were 81 adverse drug-related in-
cidents in the intervention group and 72 in the control group.
Intervention patients contributed 7392 days of follow-up, and
control patients contributed 7447 days. The incidence rate of
adverse drug-related incidents in the intervention group was
1.10 per 100 person-days and 0.97 per 100 person-days in the
control group. The intervention did not significantly alter the
per-patient rate of adverse drug-related incidents (unad-
justed incidence rate ratio, 1.13; 95% CI, 0.83-1.56). The ad-
justed incidence rate ratio was 0.97 (95% CI, 0.70-1.34).
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Among all participants, 65 (18.0%) had 1 or more clini-
cally important medication errors, comprising preventable
or ameliorable ADEs and potential ADEs. There were 44
clinically important medication errors in the intervention
group and 45 in the control group. The incidence rate of
clinically important medication errors in the intervention

group was 0.60 per 100 person-days and 0.60 per 100
person-days in the control group. The intervention did not
significantly alter the per-patient rate of clinically important
medication errors (unadjusted incidence rate ratio, 0.99;
95% CI, 0.65-1.49). The adjusted incidence rate ratio was
0.81 (95% CI, 0.53-1.23).

Table 1. Characteristics of Enrolled Participants

Characteristic

No. (%)

P value
Total enrolled
(N = 361)

Intervention
(n = 180)

Control
(n = 181)

Age, mean (SD) 68.7 (9.3) 69.44 (9.4) 68.03 (9.3) .15

Age category, y

.31

50-54 22 (6.1) 9 (5.0) 13 (7.2)

55-59 42 (11.6) 24 (13.3) 18 (9.9)

60-64 56 (15.5) 22 (12.2) 34 (18.8)

65-69 73 (20.2) 34 (18.9) 39 (21.5)

70-74 63 (17.5) 33 (18.3) 30 (16.6)

75-79 56 (15.5) 28 (15.6) 28 (15.5)

≥80 49 (13.6) 30 (16.7) 19 (10.5)

Sex

.10Women 177 (49.0) 96 (53.3) 81 (44.8)

Men 184 (51.0) 84 (46.7) 100 (55.3)

Race

.33

White 319 (88.4) 162 (90.0) 157 (86.7)

Black 8 (2.2) 2 (1.1) 6 (3.3)

Othera 4 (1.1) 3 (1.7) 1 (0.6)

Unknown 30 (8.3) 13 (7.2) 17 (9.4)

Ethnicity

.23
Hispanic 13 (3.6) 8 (4.4) 5 (2.8)

Not Hispanic 278 (77.0) 143 (79.4) 135 (74.6)

Unknown 70 (19.4) 29 (16.1) 41 (22.7)

Prescribed >1 high-risk medication 195 (54.0) 97 (53.9) 98 (54.1) .96

Prescribed a high-risk medication at discharge

Anticoagulant 184 (51.0) 98 (54.4) 86 (47.5) .19

Diabetes agents 135 (37.4) 71 (39.4) 64 (35.4) .42

Opioid 223 (61.8) 105 (58.3) 118 (65.2) .18

Prescribed a new high-risk medication at discharge 305 (84.5) 154 (85.6) 151 (83.4) .58

Anticoagulant 166 (46.0) 88 (48.9) 78 (43.1) .27

Diabetes agents 112 (31.0) 62 (34.4) 50 (27.6) .16

Opioid 209 (57.9) 98 (54.4) 111 (61.3) .19

Taking ≥7 medications of any kind 334 (92.5) 165 (91.7) 169 (93.4) .54

Has caregiver 235 (65.1) 117 (65.0) 118 (65.2) .97

Low health literacy level 110 (30.5) 61 (33.9) 49 (27.1) .16

Has visiting nurse services

.004
Yes 187 (51.8) 99 (55.0) 88 (48.6)

No 117 (32.4) 64 (35.6) 53 (29.3)

Unknown 57 (15.8) 17 (9.4) 40 (22.1)

Reason for admission

.63

Medical 198 (54.9) 104 (57.8) 94 (51.9)

Surgical 88 (24.4) 43 (23.9) 45 (24.9)

Orthopedic 69 (19.1) 30 (16.7) 39 (21.6)

Medical procedure 6 (1.7) 3 (1.7) 3 (1.7)

Admitted through emergency department 213 (59.0) 104 (57.8) 109 (60.2) .64

Length of stay, mean (SD), d 2.73 (2.6) 2.59 (2.2) 2.87 (2.9) .31

a Racial category of other comprised
Asian, Native Hawaiian/Pacific
Islander, and American
Indian/Alaska Native.
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Of the intervention patients, 33 (18.3%) had an emer-
gency department visit sometime during the 45-day fol-
low-up period compared with 34 (18.8%) in the control group.
Twenty-nine patients (16.1%) in the intervention group did not
complete the full 45 days of follow-up postdischarge because
of rehospitalization (n = 28) or death (n = 1), compared with
26 (14.4%) who were rehospitalized in the control group.

For the subgroup of adverse drug-related incidents that
were categorized as ADEs, gastrointestinal events were most
common overall in the intervention and control groups
(Table 3). Other frequently identified types of ADEs were car-
diovascular, kidney/electrolyte/fluid balance (eg, kidney in-
sufficiency, hyperkalemia, hypokalemia, and dehydration),
hemorrhagic (bleeding events), and metabolic or endocrine
(eg, hypoglycemia).

Table 4 lists the medication categories that were most fre-
quently associated with all adverse drug- related incidents and
those associated with clinically important medication errors
in the intervention and control groups of patients. Opioids con-
stituted the most commonly implicated medication category
in the intervention and control groups. Other common medi-
cation categories were cardiovascular medications, antico-
agulants, and diuretics.

Discussion
Clinical pharmacist-directed transitional care interventions are
widely considered among the most promising approaches for
improving medication safety following hospital discharge.

Table 2. Number of Adverse Drug-Related Incidents, ADEs, and Clinically Important Medication Errors During the First 45 Days After Hospital
Discharge by Treatment Assignment

Characteristic

Events, No.a IRR (95% CI)

Total Intervention Control

Unadjusted AdjustedbNo. IR No. IR No. IR
All adverse drug-related incidents 153 1.03 81 1.10 72 0.97 1.13 (0.83-1.56) 0.97 (0.70-1.34)

ADEs 130 0.88 68 0.92 62 0.83 1.11 (0.78-1.56) 0.96 (0.68-1.37)

Clinically important medication errorsc 89 0.60 44 0.60 45 0.60 0.99 (0.65-1.49) 0.81 (0.53-1.23)

Preventable/ameliorable ADEs 66 0.44 31 0.42 35 0.47 0.89 (0.55-1.45) 0.74 (0.45-1.22)

Potential ADEs 23 0.15 13 0.18 10 0.13 1.31 (0.57-2.99) 1.02 (0.44-2.36)

Serious/life-threatening preventable/
ameliorable ADEs

17 0.11 7 0.09 10 0.13 0.71 (0.27-1.85) 0.53 (0.20-1.39)

Abbreviations: ADE, adverse drug event; IR, incidence rate per 100 patient-days
of observation; IRR, incidence rate ratio.
a Based on 180 patients in the intervention group contributing 7392 days of

observation and 181 patients in the control group contributing 7447 days of
observation. Patients could experience more than 1 event.

b Models included age, sex, and having visiting nurse services.
c Clinically important medication errors are a composite of preventable/

ameliorable ADEs and potential ADEs.

Table 3. Frequency of Types of Adverse Drug Events

Type of eventa

No. (%)

Overall (N = 130) Intervention (n = 68) Control (n = 62)
Gastrointestinal 41 (31.54) 19 (27.94) 22 (35.48)

Cardiovascular 28 (21.54) 14 (20.59) 14 (22.58)

Kidney/electrolytes/fluid balance 20 (15.38) 9 (13.24) 11 (17.74)

Hemorrhagic 14 (10.77) 7 (10.29) 7 (11.29)

Metabolic or endocrine 11 (8.46) 7 (10.29) 4 (6.45)

Dermatologic 10 (7.69) 6 (8.82) 4 (6.45)

Neuropsychiatricb 10 (7.69) 9 (13.24) 1 (1.61)

Syncope or dizziness 8 (6.15) 2 (2.94) 6 (9.68)

Infection 3 (2.31) 1 (1.47) 2 (3.23)

Fall without injury 2 (1.54) 2 (2.94) 0

Fall with injury 1 (0.77) 0 1 (1.61)

Hematologic 1 (0.77) 0 1 (1.61)

Respiratory 1 (0.77) 1 (1.47) 0

Other 5 (3.85) 1 (1.47) 4 (6.45)

Inadequate pain control 2 (1.54) 0 2 (3.23)

Myalgia 1 (0.77) 1 (1.47) 0

Night sweats 1 (0.77) 0 1 (1.61)

Nonspecific drug intolerance 1 (0.77) 0 1 (1.61)

a Adverse drug events could manifest
as more than 1 type.

b Neuropsychiatric events include
oversedation, confusion,
hallucinations, and delirium.
Adverse drug events could manifest
as more than 1 type.
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Patients who are prescribed high-risk medications, including
anticoagulants, diabetes agents, and opioids, at the time of hos-
pital discharge should be an ideal population to target for such
interventions. In this randomized clinical trial of a multifac-
eted, pharmacist-directed intervention, we did not observe a
significantly lower rate of adverse drug-related incidents or
clinically important medication errors among such patients
during the immediate posthospitalization period. However, we
did experience challenges in achieving recruitment goals, de-
spite extending the period of recruitment by 1 year,11 and found
substantially lower than expected rates of events compared
with a prior study,12 which limited our power to detect differ-
ences between intervention and control patients.

To our knowledge, few high-quality studies have rigor-
ously examined the effect of pharmacist-based interventions
on medication safety in the ambulatory setting. Lee and
colleagues25 conducted a systematic review of pharmacist in-
terventions that was focused on older adults. Of the 20 studies
ultimately included in the systematic review, only 6 were ran-
domized clinical trials, and only 1 focused on ADEs and medi-

cation safety. In that study, while inappropriate prescribing was
reduced, there was no statistically significant difference in the
percentage of patients who experienced an ADE in the inter-
vention compared with the control group.26

A more recent review highlighted the fact that very few stud-
ies have examined the effects of pharmacist-directed medica-
tion safety interventions on medication safety following
hospital discharge.27-29 While some studies have suggested
medication safety benefits from inpatient pharmacist-based in-
terventions at the time of hospital discharge,30,31 others have
not. In a randomized trial of adults hospitalized with acute coro-
nary syndromes or acute decompensated heart failure, a mul-
ticomponent intervention comprising pharmacist-assisted
medication reconciliation at the time of discharge failed to dem-
onstrate a significant reduction in clinically important medica-
tion errors.12 These investigators emphasized that their find-
ings “highlighted the difficulty of improving medication safety
during the transition from hospital to home.”12 The failure of that
intervention has been attributed to several factors, including in-
adequate communication and collaboration with the primary

Table 4. Frequency of All Adverse Drug-Related Incidentsa and CIMEsb According to Drug Categoryc

Drug category

No. (%)

Overall Intervention Control
All incidents
(N = 153) CIMEs (N = 89)

All incidents
(n = 81) CIMEs (n = 44)

All incidents
(n = 72) CIMEs (n = 45)

Opioid 42 (27.45) 27 (30.34) 22 (27.16) 13 (29.55) 20 (27.78) 14 (31.11)

Cardiovascular 31 (20.26) 19 (21.35) 18 (22.22) 13 (29.55) 13 (18.06) 6 (13.33)

Anticoagulant 22 (14.38) 13 (14.61) 11 (13.58) 6 (13.64) 11 (15.28) 7 (15.56)

Diuretic 21 (13.73) 14 (15.73) 9 (11.11) 5 (11.36) 12 (16.67) 9 (20.00)

Steroid 14 (9.15) 8 (8.99) 6 (7.41) 1 (2.27) 8 (11.11) 7 (15.56)

Antiepileptic 9 (5.88) 8 (8.99) 7 (8.64) 6 (13.64) 2 (2.78) 2 (4.44)

Anti-infective 9 (5.88) 2 (2.25) 5 (6.17) 1 (2.27) 4 (5.56) 1 (2.22)

Antiplatelet 9 (5.88) 3 (3.37) 4 (4.94) 1 (2.27) 5 (6.94) 2 (4.44)

Diabetes/hypoglycemic 9 (5.88) 8 (8.99) 5 (6.17) 4 (9.09) 4 (5.56) 4 (8.89)

Nutrient or supplement 9 (5.88) 5 (5.62) 6 (7.41) 2 (4.55) 3 (4.17) 3 (6.67)

Gastrointestinal 7 (4.58) 5 (5.62) 6 (7.41) 4 (9.09) 1 (1.39) 1 (2.22)

Sedative or hypnotic 5 (3.27) 4 (4.49) 5 (6.17) 4 (9.09) 0 0

Antidepressant 3 (1.96) 3 (3.37) 3 (3.70) 3 (6.82) 0 0

DMARDs 3 (1.96) 1 (1.12) 0 0 3 (4.17) 1 (2.22)

NSAIDs 3 (1.96) 3 (3.37) 2 (2.47) 2 (4.55) 1 (1.39) 1 (2.22)

Respiratory 3 (1.96) 3 (3.37) 2 (2.47) 2 (4.55) 1 (1.39) 1 (2.22)

Antineoplastic 2 (1.31) 0 0 0 2 (2.78) 0

Aspirin 2 (1.31) 1 (1.12) 0 0 2 (2.78) 1 (2.22)

Dermatologic 2 (1.31) 1 (1.12) 1 (1.23) 0 1 (1.39) 1 (2.22)

Antihyperlipidemic 1 (0.65) 1 (1.12) 1 (1.23) 1 (2.27) 0 0

Immunomodulator 1 (0.65) 0 1 (1.23) 0 0 0

Muscle relaxant 1 (0.65) 0 1 (1.23) 0 0 0

Ophthalmic 1 (0.65) 1 (1.12) 1 (1.23) 1 (2.27) 0 0

Topical 1 (0.65) 1 (1.12) 0 0 1 (1.39) 1 (2.22)

Vaccine 1 (0.65) 1 (1.12) 1 (1.23) 1 (2.27) 0 0

Abbreviations: CIMEs, clinically important medication errors;
DMARDs, disease-modifying antirheumatic drugs; NSAIDs, nonsteroidal
anti-inflammatory drugs.
a All drug-related adverse incidents were defined as all adverse drug events

combined with potential adverse drug events.

b The CIMEs were defined as preventable or ameliorable adverse drug events
combined with potential adverse drug events.

c Drugs in more than 1 category were associated with some events. Frequencies
in each column sum to greater than the total number of events.
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care team of the patient during this vulnerable transition
period,32 an issue that we addressed in our study. To our knowl-
edge, only 1 study of a pharmacist-led transitional care inter-
vention that focused on medication safety has demonstrated a
significantly reduced risk for a broadly defined outcome of
“medication-related problems.”33 However, that study was lim-
ited by a pre-post study design and nonadjudicated outcomes.

Strengths and Limitations
While our study had several strengths, including a random-
ized trial design, multicomponent intervention, and rigorous
process to adjudicate outcomes, there were several limita-
tions. The intervention was initiated following hospital dis-
charge rather than in the hospital setting, which precluded our
ability to intervene on patients at the earliest possible point
during the transition process from hospital to home. Visits by
clinical pharmacists to the homes of patients did not imme-
diately follow hospital discharge, which delayed efforts to ad-
dress medication safety issues at the earliest possible point dur-
ing the transition period. Study participants could also receive
visiting nursing services, which were provided to more than
half of the patients in the study. However, more intervention
patients received these services than control patients, which
would have biased our study findings toward an effect. There
was the possibility that by identifying and alerting the pri-
mary care clinician to potential medication safety problems,
the intervention may have led to greater documentation and

assessment of these problems and resultant events being de-
tected in the intervention than in the control group. It is also
possible that the intervention itself had a training effect on pa-
tients in fostering detection and the reporting of medication
safety issues to health care clinicians by patients in the inter-
vention group. In addition, participants in the control group
were provided the high-risk medication educational materi-
als via mail, which could be considered enhanced usual care,
and which may have attenuated the effect of the interven-
tion. Finally, our study was limited to the immediate 45-day
post–hospital discharge period, while ongoing efforts by com-
munity pharmacists working with patients up to a year post-
discharge may be beneficial in reducing medication harm.34,35

Conclusions
These study findings should not dampen enthusiasm for
developing, testing, and refining interventions to enhance
medication safety during the high-risk, post–hospital dis-
charge transition period. Such efforts are costly, challenging,
and complex, and health care systems and payers require a clear
understanding of the effectiveness of these interventions to
make the investments and address the challenges inherent in
implementing them. Rigorous evaluations are essential so that
these important and necessary efforts can be improved on and
promoted with confidence for widespread adoption.
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