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BACKGROUND: Adverse drug events after hospital
discharge are common and often serious. These events
may result from provider errors or patient misunder-
standing.
OBJECTIVE: To determine the prevalence of medication
reconciliation errors and patient misunderstanding of
discharge medications.
DESIGN: Prospective cohort study
SUBJECTS: Patients over 64 years of age admitted with
heart failure, acute coronary syndrome or pneumonia
and discharged to home.
MAIN MEASURES: We assessed medication reconcilia-
tion accuracy by comparing admission to discharge
medication lists and reviewing charts to resolve dis-
crepancies. Medication reconciliation changes that did
not appear intentional were classified as suspected
provider errors. We assessed patient understanding of
intended medication changes through post-discharge
interviews. Understanding was scored as full, partial or
absent. We tested the association of relevance of the
medication to the primary diagnosis with medication
accuracy and with patient understanding, accounting
for patient demographics, medical team and primary
diagnosis.
KEY RESULTS: A total of 377 patients were enrolled in
the study. A total of 565/2534 (22.3 %) of admission
medications were redosed or stopped at discharge. Of
these, 137 (24.2 %) were classified as suspected
provider errors. Excluding suspected errors, patients
had no understanding of 142/205 (69.3 %) of redosed
medications, 182/223 (81.6 %) of stopped medications,
and 493 (62.0 %) of new medications. Altogether, 307
patients (81.4 %) either experienced a provider error, or

had no understanding of at least one intended medica-
tion change. Providers were significantly more likely to
make an error on a medication unrelated to the primary
diagnosis than on a medication related to the primary
diagnosis (odds ratio (OR) 4.56, 95 % confidence
interval (CI) 2.65, 7.85, p<0.001). Patients were also
significantly more likely to misunderstand medication
changes unrelated to the primary diagnosis (OR 2.45,
95 % CI 1.68, 3.55), p<0.001).
CONCLUSIONS: Medication reconciliation and patient
understanding are inadequate in older patients post-
discharge. Errors and misunderstandings are particu-
larly common in medications unrelated to the primary
diagnosis. Efforts to improve medication reconciliation
and patient understanding should not be disease-
specific, but should be focused on the whole patient.
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BACKGROUND

An appropriate medication regimen after hospital discharge
is an essential component of safe and effective care
following hospitalization. Yet, adverse drug events post-
discharge are exceedingly common. One study estimated
that 12.5 % of patients suffered adverse drug events within
30 days of discharge, of which 62 % were preventable or
ameliorable.1 These preventable adverse events may be
attributable to two primary factors: provider error and
patient misunderstanding.
The primary means of avoiding provider errors in

medication regimens is accurate medication reconciliation.
Medication reconciliation accuracy has been studied at
various transition points. On admission, medication recon-
ciliation is prone to error with an estimated 67 % of
medication histories being inaccurate, thereby contributing
to 27 % of inpatient provider errors.2 Inpatient transfers
between units are an additional source of risk for medica-
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tion provider errors, with one study identifying 62 % of
inpatient transfers as having at least one unintentional
medication error; these errors were most often medication
omissions.3 A further set of errors can be made at the time
of hospital discharge.4–10 Errors include unintentional
discontinuation of medication on discharge,4–7 inappropri-
ate retention of inpatient medications on discharge,7,8 and
inaccurate changes in dosing or frequency. Medication
reconciliation inaccuracies accumulating at all these points
of transition create substantial risk for medication errors on
hospital discharge. For example, an observational study in
Ireland found that 50 % of discharge medication reconcilia-
tions during 1,245 hospitalizations were inaccurate, involv-
ing 16 % of all medications prescribed.10

Equally important is patient understanding of the dis-
charge medication regimen, particularly given that nearly
half of all home medications regimens are modified via
changes in dose, discontinuation, or new prescriptions after
hospitalization.10,11 A 1999 study of 342 patients found that
54 % had inadequate knowledge of their medications
1 week after discharge;12 other smaller studies show similar
results.13–17 Nonetheless, physicians grossly overestimate
patient understanding.15

No study has simultaneously evaluated medication
reconciliation accuracy and patient understanding to form
a comprehensive view of medication problems associated
with hospitalization. The goal of the DIagnosing Systemic
failures, Complexities and HARm in GEriatric discharges
study (DISCHARGE) was to comprehensively assess the
discharge process for older patients discharged to the
community. Here, we describe both discharge medication
reconciliation accuracy and patient understanding of
discharge lists for patients in the DISCHARGE study, in
order to understand their collective impact on medication
safety after hospital discharge.

METHODS

Patients

The DISCHARGE study was a prospective, observational
cohort study of patients 65 years or older discharged to
home from a medicine service at Yale-New Haven Hospital
(a 966-bed urban facility), who were admitted with
symptoms consistent with acute coronary syndrome, heart
failure, or pneumonia. Physicians screened new admissions
for eligibility within 24 h of admission. Reviewers confirmed
diagnoses of acute coronary syndrome, heart failure, and
pneumonia using specialty society guidelines.18–21 Addi-
tional inclusion criteria included speaking English or
Spanish, not being enrolled in hospice care, and ability
of the patient or caregiver to participate in a telephone
interview. Patients were consented over the telephone

within a week of hospital discharge. Patients were
ineligible to participate if they failed the mini-COG mental
status screen22 while in the hospital or appeared confused
or delirious during the telephone interview. Caregivers of
patients who did not manage their own medications could
participate in lieu of patients if informed consent was
granted by the patient.
The study was approved by the Yale Human Investiga-

tion Committee. Verbal informed consent was obtained
from all patients or caregivers, including separate consent to
access medical records. Patient medical records and data-
bases for this study were guarded per Health Insurance
Portability and Accountability Act (HIPAA) guidelines.

Medication Reconciliation Process

The hospital uses Sunrise Clinical Manager 5.8 (Eclipsys
Corporation, Atlanta, GA) for its electronic medical records
system. Discharge instructions and reconciliations are
generated electronically for all patients; however, there is
no active electronic medication reconciliation process. The
admitting physician documents the admission medication
list in a handwritten or electronic note. The discharging
physician writes medications intended for discharge through
a prescription writer module that is integrated into the
discharge instructions template. Pharmacists do not system-
atically review discharge medication lists by prior to
discharge. Nurses at our site are instructed to read the
discharge instructions line by line together with patients at
discharge. Nurses are encouraged to refer any issues with
the discharge instructions to the discharging physician.
There was no formal teach-back process in place at the time
of this study.

Data Collection

Patients underwent a structured, standardized telephone
interview by trained non-medical personnel within 1 week
of discharge. Patients were asked if any modifications were
made to their admission medication regimen, i.e., if doses
or frequencies were changed or medications were stopped,
or if any new medications were added. When relevant,
patients were asked the name of and new regimen for
changed medications, the name of stopped medications, and
the name and frequency of new medications. Patients were
free to consult their discharge instructions to answer
interview questions. Interviewers did not have access to
patients’ medical records during the telephone interviews.
Admission medication lists were abstracted by trained

nurse abstractors from the emergency department record
and admission history and physical. Discharge medication
lists were abstracted from the discharge instruction sheets
signed by the patient.

1514 Ziaeian et al.: Medication Accuracy and Understanding JGIM



Outcome Measures

This analysis included two primary outcomes: medication
reconciliation accuracy and patient understanding. Medi-
cation reconciliation accuracy was determined by compar-
ing the discharge medication list to the admission
medication list. The discharge medication list was identi-
fied from the patient’s copy of the discharge instructions,
as well as the post-discharge patient interview. The
admission medication list was defined as that indicated in
the emergency room record or the admission history and
physical. For each patient, all changes in dose or
frequency (“redosed” medications), omissions (“stopped”
medications) and additions (new medications) between
admission and discharge were identified. A physician
investigator (B.Z.) performed a chart review for every
patient with any redosed or stopped medication (collec-
tively referred to as a “medication modification”). Any
medication modification that did not appear to be intended
based on review of the medical record was classified as a
suspected provider error. We did not assess new medi-
cations for accuracy or appropriateness. Examples of
suspected provider errors include: switching a home
medication to a drug of a similar class on discharge
without clear indication (commonly for hospital formulary
reasons), medication dosing that differed from intent noted
in chart, discontinuation of a home medication without
clinical indication or documented indication of intent to do
so, and continuation of a medication on discharge that was
noted in chart documentation and in patient interviews as
intended to be stopped. Medication changes or discontin-
uations noted only by patients but not confirmed on chart
review were categorized as patient misunderstanding
rather than provider errors. These potential changes were
not included in the analysis of patient understanding,
which included only medication changes confirmed by the
medical record.
Patient understanding of medication modifications was

classified as full, partial or absent, based on concordance
between the post-discharge interview and the hospital
discharge medication list. Definitions of full, partial and
absent understanding were developed for each type of
medication modification (Table 1). One physician reviewer

(B.Z.) who had full access to the medical charts scored
patient understanding of each medication modification and
each new medication. Patient understanding was not rated
for medication modifications classified as suspected pro-
vider errors.

Main Explanatory Variable and Key
Covariates

For the study’s main explanatory variable, we classified
each medication as being relevant or non-relevant to acute
coronary syndrome, heart failure or pneumonia. Medica-
tions relevant to the diagnosis of acute coronary syndrome
included: antiaggregants, diuretics, lipid lowering agents,
anti-hypertensives and antiarrhythmics. Medications rele-
vant to heart failure included all ACS-relevant medications
in addition to potassium supplements. Medications rele-
vant to diagnosis of pneumonia were antibiotics. The
following classes of medication were excluded from all
analyses: vitamin supplements, as needed medications,
ophthalmic medications, lozenges, allergy medications
(including nasal sprays), all topical medications and non-
opiate/non-benzodiazepine sleep aids.
Key clinical covariates included diagnosis, medical

team (hospitalist, house staff or cardiology), comorbidity
(defined as the van Walraven score of Elixhauser
comorbidities23), length of stay, total number of medi-
cations, and being able to identify a usual source of care;
sociodemographic covariates included age, gender, race,
and education.

Statistical Analysis

Descriptive statistics are reported as counts and percentages
for categorical variables and means and standard deviations
for continuous variables. Suspected provider error and
patient misunderstanding outcome scores were summed
across all medications and percentages reported across total
medications modified. Multivariable logistic regression
models used robust variance estimators in a generalized
estimating equations context to account for the clustering of

Table 1. Definition of Patient Understanding of Medication Modifications

Type of medication
modification

Full understanding Partial understanding Absent understanding**

New medication Name and frequency correct Class of drug only or frequency of
drug only

Medication not identified at all or criteria for
partial understanding not met

Redosed medication Name and change (dose or
frequency) correct

Name only, change not named or
incorrect*

Medication not identified at all or criteria for
partial understanding not met

Stopped medication Name correct Class correct or different medication
in same class named

Medication not identified at all or criteria for
partial understanding not met

*Credit for partial understanding was given for direction of change (higher or lower dose) for antihypertensives, diuretics or warfarin
**Patients naming medications that were not modified at all were classified as naming an unmodified medication

1515Ziaeian et al.: Medication Accuracy and UnderstandingJGIM



medications within individuals. For the ordinal patient
misunderstanding outcome, a proportional odds model was
used. Proportional odds models are used in some cases
where there are more than two levels to the categorical
outcome measure. The reported odds ratio can be
interpreted as the effect of the explanatory variable on
the odds of having less rather than more understanding, for
any dichotomization of the outcome. The extent and nature
of missing data was assessed as part of the model fitting
process; model fit was assessed with goodness-of-fit
statistics, residual analysis and diagnostic statistics, as
available. Abstracted data and compiled physician review-
er classifications were analyzed using SAS 9.2 (SAS
Institute, Cary, NC). P-values less than 0.05 were
interpreted as statistically significant for two-sided tests.

RESULTS

Enrollment and Study Sample

A total of 3,743 patients over 64 years of age were
discharged home from the medical service at YNHH
during the study period; 3,028 were screened for eligibility
within 24 h of admission. Early screening identified 765 as
eligible. However, rescreening after discharge revealed
that 130 patients were no longer eligible. This left 635
eligible admissions, of which 395 (62.2 %) were enrolled
in the study and completed the first post-discharge
interview. Of these, 377 granted permission for chart
review and were included in this analysis. See Figure 1.
The study sample had a mean age of 77.1 years (standard

deviation 7.8); 205 (54.4 %) were male and 310 (82.4 %)
were non-Hispanic white. 195 (51.7 %) had acute coronary
syndrome, 146 (38.7 %) had heart failure, and 91 (24.1 %)
had pneumonia. 54 (14.3 %) patients had more than one
qualifying condition. 114 (30.2 %) were cared for by
hospitalist teams, 123 (32.6 %) were cared for by service
attending and house staff teams, and 140 (37.1 %) were
cared for by physician assistants under the supervision of
cardiologists. See Table 2.

Medication Changes

In total, the 377 patients in the study cohort were prescribed
2,534 medications on admission, of which 263 (10.4 %)
were redosed and 302 (11.9 %) were stopped on discharge.
Additionally, patients were prescribed 804 new medications
at discharge. Of the 3,338 prescribed medications, 1,962
(58.8 %) were classified as relevant to the main diagnosis of
heart failure, pneumonia or acute coronary syndrome. Of
the 565 medications that were redosed or stopped, 380
(67.3 %) were relevant and 185 (32.7 %) were not relevant
to the main diagnosis.

The mean number of prescriptions per patient on
discharge was 8.0 (SD 3.1). A total of 329 (87.3 %)
patients received at least one new prescription; of patients
receiving new medications, the mean number of new
prescriptions per patient was 2.4 (SD 1.6). A total of 263
(69.7 %) of patients had at least one medication modifica-
tion: 182 (48.3 %) had a medication redosed and 171
(45.4 %) had a medication stopped. Of patients who had a
medication redosed, the mean number of redosed medica-
tions per patient was 1.4 (0.8). Of patients who had a
medication stopped, the mean number of stopped medica-
tions per patient was 1.8 (1.1).

Figure 1. Flow diagram of enrolled participants.
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Medication Reconciliation Accuracy

Of all 565 modified medications, 428 (75.8 %) appeared to
be clinically appropriate or justified by documentation in
the chart. The remaining 137 (24.2 %) modifications were
classified as suspected provider errors (5.4 % of admission
medications). New medications are not included in these
analyses. A total of 103 of 377 patients (27.3 %) experi-
enced at least one provider error; these 103 patients
constituted 39.2 % of the 263 patients with redosed or
stopped medications. Suspected errors were made in 61/380
(16.1 %) of medications relevant to the primary diagnosis
and in 76/185 (41 %) of medications not relevant to the
primary diagnosis. Suspected errors were made in 65/293
(22.2 %) of medications given to patients with acute
coronary syndrome, 59/249 (23.7 %) of medications given
to patients with heart failure, and 25/100 (25.0 %) of
medications given to patients with pneumonia. Suspected
errors were made in 42/148 (28.4 %) of medications given
to patients on hospitalist teams, 48/225 (21.3 %) of
medications given to patients on house staff teams, and
47/192 (24.5 %) of medications given to patients on
cardiology teams.
In a multivariable logistic regression model, non-

relevant medications were significantly associated with
suspected provider errors (odds ratio (OR) 4.56, 95 %
confidence interval (CI) 2.65, 7.85, p<0.001). The
amount of missing data was small and model fit was

satisfactory; complete case, full model results are reported
(Table 3).

Patient Understanding

After excluding suspected provider errors, patients fully
understood 33/205 (16.1 %) of the redosed medications, 35/
223 (15.7 %) of the stopped medications, and 248/795
(31.2 %) of the new medications. Conversely, patients had
no understanding of 142/205 (69.3 %) of redosed medi-
cations, 182/223 (81.6 %) of stopped medications, and 493
(62.0 %) of new medications.
From the patient perspective, 178/225 patients (79.1 %)

who had an intended medication change (stopped or
redosed medication) had no understanding of at least one
change. A total of 142/225 (63.1 %) had no understanding
of all intended medication changes. Of the 329 patients who
received new medications, 232 (70.5 %) had no under-
standing of at least one new medication. A total of 154/329
(46.8 %) patients had no understanding of all new
medications. The average patient had no understanding of
60.0 % of all stopped, redosed and new medications.
Patients fully understood 281/908 (30.9 %) of relevant

new or modified medications and only 35/315 (11.1 %) of
non-relevant new or modified medications. They had no
understanding of 556/908 (61.2 %) of relevant new or
modified medications and 261/315 (82.9 %) of non-relevant
new or modified medications. Patients with acute coronary
syndrome fully understood 241/677 (35.6 %) of new or
modified medications, those with heart failure fully under-
stood 88/488 (18.0 %), and those with pneumonia fully
understood 29/274 (10.6 %).
In a multivariable proportional odds model, non-rele-

vance of the medication to the primary diagnosis was the
only variable significantly associated with patient misun-
derstanding. Patients were significantly more likely to

Table 2. Characteristics of Study Cohort, N=377

Characteristic N (%) or
mean (SD)

Condition
Acute coronary syndrome 195 (51.7)
Heart failure 146 (38.7)
Community-acquired pneumonia 91 (24.1)
Medical team
Hospitalist team 114 (30.2)
House staff 123 (32.6)
Cardiology 140 (37.1)
Length of stay, mean days 3.5 (2.5)
Total number of medications, mean 8.9 (3.3)
Total number of Elixhauser comorbidities, mean 3.3 (1.8)
Identify a usual source of care 360 (95.5)
Age, mean years 77.1 (7.8)
Male 205 (54.4)
English-speaking* 366 (98.1)
Race/ethnicity†

Non-Hispanic white 310 (82.4)
Non-Hispanic black 44 (11.7)
Hispanic 15 (4.0)
Other 7 (1.9)
High School Graduate or GED‡ 268 (73.4)
Admission source†

Emergency department 248 (66.0)
Direct transfer from hospital or nursing facility 94 (25.0)
Direct admission from office 34 (9.0)

N number of study participants; SD standard deviation
*Four missing values
†One missing value
‡Twelve missing values

Table 3. Multivariable Logistic Regression Results of Suspected
Provider Errors, N=546

Predictor Odds ratio
(95 % CI)

P value*

Non-relevant medication 4.56 (2.65, 7.85) <0.001
Medical team
Hospitalist 1.00 0.39
House staff 1.35 (0.74, 2.46)
Cardiology 0.91 (0.52, 1.58)
Acute coronary syndrome 0.76 (0.32, 1.81) 0.54
Heart failure 0.73 (0.29, 1.79) 0.47
Pneumonia 0.33 (0.12, 0.93) 0.02
Redosed medication 0.92 (0.57, 1.48) 0.74
Total number of medications 1.00 (0.92, 1.07) 0.91
Length of stay (in days) 0.91 (0.84, 0.99) 0.03
Age (in years) 1.01 (0.98, 1.04) 0.71
Male 0.99 (0.62, 1.59) 0.97
Non-Hispanic white 0.93 (0.52, 1.68) 0.83
High school education or higher 1.14 (0.64, 2.04) 0.66
Comorbidity score 1.00 (0.97–1.04) 0.94

*From score statistics for type 3 GEE analysis
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misunderstand changes to non-relevant medications than to
relevant medications (OR 2.45, 95 % CI 1.68, 3.55), p<
0.001). The amount of missing data was small and model fit
was satisfactory; complete case, full model results are
reported (Table 4).
In terms of the number of patients affected by both

provider errors and poor understanding, 307 patients
(81.4 %) had either a provider error or no understanding
of at least one intended medication change. Furthermore,
84 patients (22.3 %) had both a provider error and no
understanding of at least one intended medication
change.

DISCUSSION

In the DISCHARGE study, we found that a quarter of all
medication changes on hospital discharge were likely
unintended errors, affecting more than a quarter of dis-
charged patients. Furthermore, patients had no understand-
ing of two thirds of intended medication changes or new
medications. Together, these results indicate a very high
potential for adverse medication events following hospital
discharge, and suggest that efforts to reduce post-discharge
medication adverse events must involve both providers and
patients.
By far the most significant predictor of both

discharge list accuracy and patient understanding was
the relevance of the medication to the primary diagnosis.
Relevant medications were more often accurate on the
discharge medication list compared to non-relevant
medications, and changes to relevant medications were
more often understood by patients. This is clinically
reasonable, as both clinicians and patients are likely to
pay more attention to medications relating to the main
reason for hospitalization than to other chronic conditions.

From a patient safety perspective, however, inattention to
secondary conditions can have important consequences.
The majority of patients who are readmitted to the
hospital post-discharge are readmitted for a different
condition than the index diagnosis.24 Such readmissions
are often thought to be non-preventable. Yet, our findings
suggest that both errors and misunderstandings about
chronic conditions may be generated during the index
admission, potentially contributing to rehospitalizations
for those conditions.
The rate of provider errors in this study is similar to other

studies, although this study was more comprehensive than
most in including errors in dosing and frequency, omis-
sions, and inadvertent continuations.4–10 There was no
difference in error rates between patients cared for by
hospitalists or cardiology attendings and those cared for by
house staff, suggesting that clinical experience and exper-
tise are not adequate protections against medication errors at
discharge. By contrast, a recent study of an electronic
medication reconciliation intervention demonstrated a re-
duction in provider errors.25 Our hospital’s electronic
records system for discharge instructions does not provide
a formal reconciliation process for admission home medi-
cations, inpatient orders, and anticipated discharged medi-
cations. It is therefore possible that systems factors such as
information technology play a larger role in transition-
related medication errors than provider factors such as level
of training or expertise. Efforts to improve medication
reconciliation accuracy should take these findings into
account.
Patient understanding of intended medication changes at

discharge was very poor, and may be worse than in other
studies. For example, other studies report at least some
understanding of new medications among 64–68 % of
patients;16,17,25 the corresponding rate in our study was
53.2 %. These low rates of understanding existed despite
the fact that we allowed patients to consult discharge
instructions or other documentation in answering the
survey, excluded clearly cognitively impaired patients, and
excluded medication changes that were potential provider
errors. It is possible that our lower rates of comprehension
result from restriction of the study to an older population
taking a relatively large number of medications. It is also
possible that time for patient education has diminished as
length of stay has dropped.
Our study included several limitations. Our assess-

ment of medication reconciliation accuracy was limited to
chart review, and treated the admission medication list as
the gold standard. Numerous studies have demonstrated
high rates of errors in admission medication lists.2

Therefore, the true rate of medication errors at discharge
compared to patients’ pre-admission medication regimen
is likely higher. On the other hand, we were not able to
communicate with hospital providers directly regarding

Table 4. Multivariable Proportional Odds Model Results of
Patient Misunderstanding, N=1,180

Predictor Odds ratio
(95 % CI)

P value*

Non-relevant medication 2.45 (1.68, 3.55) <0.001
Medical team
Hospitalist 1.00 0.38
House staff 1.37 (0.81, 2.33)
Cardiology 1.02 (0.65, 1.60)
Acute coronary syndrome 0.73 (0.42, 1.28) 0.27
Heart failure 1.47 (0.84, 2.58) 0.17
Pneumonia 1.13 (0.60, 2.14) 0.69
Total number of medications 1.02 (0.96, 1.09) 0.47
Length of stay (in days) 1.06 (0.97, 1.15) 0.18
Age (in years) 1.00 (0.97, 1.02) 0.95
Male 1.27 (0.86, 1.87) 0.23
Non-Hispanic white 0.72 (0.46, 1.12) 0.15
High school education or higher 0.81 (0.52, 1.25) 0.32
Comorbidity score 1.01 (0.98–1.04) 0.67

*From score statistics for type 3 GEE analysis
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suspected provider errors, and it is therefore possible that
some changes we categorized as likely errors were actually
intentional. We made no attempt to determine whether
prescribed medications were appropriate, and we did not
consider whether all appropriate medications were pre-
scribed in this study; therefore, again this study likely
underestimates medication errors. There were an insuffi-
cient number of readmitted patients in this study for us to
determine whether patient misunderstanding or medication
reconciliation errors contributed to readmissions. Finally,
this study was restricted to older patients with three
common diseases at one hospital, and may not be
generalizable to the hospital population at large.
As hospital stays have been shortened and the involvement

of outpatient providers in inpatient hospitalizations has
dropped, accurate medication reconciliation and comprehen-
sive patient education have become ever more important.
Unfortunately, our study suggests that medication errors and
misunderstandings at hospital discharge remain substantial,
particularly for medications not relevant to the primary
diagnosis. Together, these errors and misunderstandings
place patients at increased risk of adverse medication events
post-discharge. Efforts to improve patient education and
medication reconciliation accuracy upon discharge should
include a focus on the full medication list, not only
medications relevant to the primary diagnosis.
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