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BACKGROUND: Little research has examined the inci-
dence, clinical relevance, and predictors of medication
reconciliation errors at hospital admission and discharge.
OBJECTIVE: To identify patient- and medication-related
factors that contribute to pre-admission medication list
(PAML) errors and admission order errors, and to test
whether such errors persist in the discharge medication
list.

DESIGN, PARTICIPANTS: We conducted a cross-
sectional analysis of 423 adults with acute coronary
syndromes or acute decompensated heart failure admit-
ted to two academic hospitals who received pharmacist-
assisted medication reconciliation during the Pharmacist
Intervention for Low Literacy in Cardiovascular Disease
(PILL-CVD) Study.

MAIN MEASURES: Pharmacists assessed the number
of total and clinically relevant errors in the PAML and
admission and discharge medication orders. We used
negative binomial regression and report incidence rate
ratios (IRR) of predictors of reconciliation errors.

KEY RESULTS: On admission, 174 of 413 patients
(42%) had >1 PAML error, and 73 (18%) had >1
clinically relevant PAML error. At discharge, 158 of 405
patients (39%) had >1 discharge medication error, and
126 (31%) had >1 clinically relevant discharge medica-
tion error. Clinically relevant PAML errors were associated
with older age (IRR=1.46; 95% CI, 1.00- 2.12) and
number of pre-admission medications (IRR=1.17; 95%
CI, 1.10-1.25), and were less likely when a recent
medication list was present in the electronic medical
record (EMR) (IRR=0.54; 95% CI, 0.30-0.96). Clinically
relevant admission order errors were also associated with
older age and number of pre-admission medications.
Clinically relevant discharge medication errors were more
likely for every PAML error (IRR=1.31; 95% CI, 1.19-1.45)

Received June 22, 2011
Accepted January 13, 2012
Published online February 15, 2012

924

and number of medications changed prior to discharge
(IRR=1.06; 95% CI, 1.01-1.11).

CONCLUSIONS: Medication reconciliation errors are
common at hospital admission and discharge. Errors
in preadmission medication histories are associated
with older age and number of medications and lead to
more discharge reconciliation errors. A recent medica-
tion list in the EMR is protective against medication
reconciliation errors.

KEY WORDS: medication reconciliation; hospital; medication errors;
admission; discharge.

J Gen Intern Med 27(8):924-32

DOI: 10.1007/s11606-012-2003-y

© Society of General Internal Medicine 2012

INTRODUCTION

Medication errors, particularly unexplained discrepancies in
medication regimens across different sites of care, are
prevalent among hospitalized patients. One study reported
that 67% of inpatients had at least one error on their
admission medication lists." These errors can increase the
risk of adverse drug events (ADEs) during hospitalization or
following discharge.”* Hospitals attempt to avert medica-
tion errors and ADEs by implementing medication recon-
ciliation, the process by which a clinician compiles an
accurate list of all medications that an individual is currently
taking®’ and uses that list to provide correct medications
anywhere within the health care system.®

Hospital-based medication reconciliation is to be completed
upon admission, transfer, and at discharge.” To compile an
accurate list of medications, clinicians may use several
sources of information during the medication reconciliation
process, including pill bottles, the patient and/or family
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members, outpatient records, electronic medical records
(EMR), and pharmacy records.’

At each point in the care continuum, patient character-
istics and his/her medications may influence the medication
reconciliation process. For example, health literacy and
medication understanding may affect a patient’s ability to
accurately report the medication regimen, possibly leading
to errors in medication reconciliation during admission.”'°
Subsequently, errors in the pre-admission medication list
(PAML) may persist through hospitalization and contribute
to discharge medication errors.'' Little research has
examined how patient characteristics and other factors affect
the medication reconciliation process—those that have are
generally small, single site studies (or two sites within one
hospital system).'''> Also few studies have examined how
errors in the medication history-taking process (PAML
errors) affect the likelihood of discharge errors.

We aimed to identify which patient- and medication-
related factors contribute to PAML errors and admission
order errors, and test whether such errors are carried through
to the discharge medication list. We hypothesized that the
absence of a medication list in the EMR, more medications
on admission, low health literacy, and impaired cognitive
function would be associated with PAML errors. We also
predicted PAML errors would be associated with admission
and discharge medication order errors.

METHODS
Study Design and Setting

We conducted a cross-sectional analysis of factors associated
with medication errors among intervention patients from the
Pharmacist Intervention for Low Literacy in Cardiovascular
Disease (PILL-CVD) Study. The PILL-CVD Study was a
randomized controlled trial at two academic hospitals—
Vanderbilt University Hospital in Nashville, TN and Brigham
and Women’s Hospital in Boston, MA.

Patient Population

We enrolled 862 patients between May 2008 and September
2009. Eligible patients were at least 18 years of age and
admitted with acute coronary syndromes (ACS) or acute
decompensated heart failure (ADHF). The rationale and
design of this study, including a full description of inclusion
and exclusion criteria, has been published.'®

Patients were eligible for inclusion in these analyses
if they were randomized to the intervention arm and
received pharmacist-assisted medication reconciliation
during hospitalization.

Patients were screened for eligibility shortly after
admission and approached for written informed consent.

Consenting participants completed a baseline assessment of
patient-related measures (see below). The Institutional
Review Boards at both study sites approved all materials
and procedures.

Patient-Related Measures

Demographic characteristics included age, gender, race,
ethnicity, living alone vs. not, and health insurance.

Cognitive function was assessed by the Mini-Cog.
Patients were asked to recall three words after performing a
clock draw test. Scores range from 0-5, where 0-2 points
indicates dementia. We treated cognition as a dichotomous
variable in our analyses (no cognitive impairment vs.
dementia).

Health literacy, assessed using the short Test of Functional
Health Literacy in Adults (s-TOFHLA), is a measure of a
patient’s ability to understand written information encoun-
tered in the health care setting.”® Scores range from 0-36 and
were categorized as adequate (23-36), marginal (17-22), or
inadequate health literacy (0—-16). We treated health literacy
as a dichotomous variable in our analyses (inadequate/
marginal vs. adequate).

The Medication Understanding Questionnaire (MUQ)
was adapted from prior instruments.” A random number
table was used to select up to five medications from a
patient’s PAML. The patient was given the name of each
randomly selected medication and asked to provide the
indication (1 point); strength of each unit (%2 point), number
of units per dose (72 point); and the frequency (1 point). The
MUQ score ranges from 0 to 3 per medication, with the
composite score being the average of the MUQ score across
all medications tested. Higher scores indicate better medi-
cation understanding.

Pre-admission medication adherence was measured
using the Morisky medication adherence scale.”’ The four
yes/no questions ask patients about forgetfulness, care-
lessness, and cessation of medications if s/he feels better or
worse. Each yes answer counts for 1 point, and the
possible score ranges from 0 to 4. Lower scores indicate
better adherence.

17-19

Medication-Related Measures

From the EMR, we abstracted several variables. Patients
seen in an affiliated clinic, emergency department, or
hospital within 90 days prior to admission with a docu-
mented medication list were categorized as having a pre-
admission medication list in the EMR (dichotomous). We
assessed the number of pre-admission and discharge
prescription medications (continuous) and the number of
prescription medication changes made between admission
and discharge (continuous). Each adjustment in dose,
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frequency, or route; discontinuation; or initiation of a
medication counted as a change. If a medication was listed
at both admission and discharge but dose or frequency was
not documented, we assumed there was no change.

Outcome Measures: Errors in Medication
Reconciliation

During hospital admission and prior to study enrollment, the
treating physician took a medication history and documented
the patient’s PAML in the EMR. The treating physicians
ordered any medications to be administered in the hospital
(admission orders) and, later, the post-discharge home
medication regimen (discharge medications).

As part of the PILL-CVD intervention, pharmacists followed
a structured protocol for medication reconciliation: first by
obtaining a “reference standard” PAML, and then comparing
that standard to the treating physician’s PAML, then to the
admission orders, and finally to the discharge medications.
The pharmacists tallied the number of errors in the treating
physicians’ PAML and unintentional discrepancies in admis-
sion orders and discharge medications compared to the
pharmacist’s reference standard list immediately after each
step in the medication reconciliation process. All unintentional
discrepancies were considered to be errors. The pharmacists
also tallied how many of these errors were clinically relevant,
i.e. important enough to contact the treating physicians.
Treating physicians were informed of all clinically relevant
errors so that they could be promptly addressed.

Primary Statistical Analyses

Frequency distributions and correlations were evaluated first.
Using negative binomial logistic regression, we tested the
association between patient- and medication-related factors
and both the total number of medication errors and the
number of clinically relevant errors. We constructed separate
models for PAML errors (outcome 1), admission medication
order errors (outcome 2), and discharge medication order
errors (outcome 3). Because of the potential downstream
effect of PAML errors, we analyzed models for outcomes 2
and 3 both with and without PAML errors. Regression
diagnostics were performed to assess the fulfillment of
model assumptions. Results are reported as incidence rate
ratios (IRR) and 95% confidence intervals.

Secondary Analyses

For outcome 1, we performed a sensitivity analysis by
excluding participants who had no pre-admission prescription
medications.

For outcome 2, we tested whether the number of PAML
errors mediated the relationship between covariates (age and

number of pre-admission medications) and admission order
errors.

For each outcome, effect modification was assessed
through 2 sets of stratified analyses. First, we analyzed the
medication errors for individuals with less than the median
or greater than or equal to the median number of pre-
admission medications (median=8). Second, we assessed
medication errors based on the presence or absence of a
medication list in the EMR within the 90 days prior to
admission. These factors had been demonstrated in prior
research to predict medication reconciliation errors.'*'*

RESULTS

Among 430 patients randomized to the PILL-CVD interven-
tion, 423 (98.4%) had sufficient data available for these
analyses (Table 1). The mean age was 61 years (SD=14), 173
(41%) were female, and 319 (75%) were white. Ninety-two
participants (22%) had inadequate or marginal health literacy.
Forty-five percent of participants had a medication list
documented in the EMR within 90 days prior to admission.
Participants took a mean of 8 pre-admission prescription
medications (SD=5), had a mean of 7 medication changes
during hospitalization (SD=4), and were discharged with a
mean of 10 prescription medications (SD=4).

In a subset of participants who had PAML errors, the types
of errors identified were: omission of a medication (40%),
inclusion of a medication the patient was not supposed to be
taking—an error of commission (27%), difference in dose

Table 1. Baseline Characteristics of Study Sample (N=423)

Variable Mean (SD)
or N(%)
Age, years 61 (14)
Gender, female 173 (40.9)
Race
White 319 (75.4)
African American 77 (18.2)
All other races 27 (6.4)
Living alone 197 (46.6)
Insurance 44 (10.4)
Medicaid
Medicare 177 (41.8)
Private 167 (39.5)
Self pay, other 35 (8.3)
Acute coronary syndrome (ACS) 260 (61)
Congestive heart failure (CHF) 134 (32)

Both ACS and CHF 29 (7)
Comorbidities

Diabetes mellitus 140 (33)
Hypertension 306 (72)
Hyperlipidemia 234 (55)
Coronary artery disease 225 (53)
Health literacy (s-TOFHLA): Inadequate or marginal 92 (21.9)
Cognition score (Mini-Cog): Dementia 52 (12.3)
Medication understanding (MUQ) 2.4 (0.5)
Medication adherence (Morisky) 1.3 (1.1)
Number of pre-admission medications 8 (5)
Medication list present within 90 days prior to admission 192 (45.4)
Number of discharge medications 10 (4)
Number of medication changes 7 (4)
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(15%), difference in frequency (10%), and substitutions
(7%). Likewise, at discharge errors were: omission (25%),
commission (35%), difference in dose (18%), difference in
frequency (15%), and substitutions (5%).

PRIMARY OUTCOMES: PAML ERRORS, ADMISSION
AND DISCHARGE MEDICATION ORDER ERRORS

Figure 1 shows the sample size for analysis of each outcome.
For outcome 1 (PAML errors), 174 patients (42%) had an
error in the medication history performed by their treating
physicians, and an additional 73 patients (18%) had a
clinically relevant error. For outcome 2, 78 patients (19%)
had an admission order error, and another 38 patients (10%)
had a clinically relevant error. For outcome 3 (discharge
order errors), 158 patients (40%) had an error, and an
additional 126 patients (32%) had a clinically relevant error.
There was no significant difference in the rate of PAML
errors and discharge medication errors between the two study
sites, but there was a difference in total and clinically relevant
admission order errors between sites.

Figure 2 displays the frequency distribution of total and
clinically relevant medication errors for each outcome,
excluding participants without errors. The majority of
participants with an error had only one. For PAML and
admission orders, 42% and 49% (respectively) of total errors

were clinically relevant. However, at hospital discharge, 80%
of errors were clinically relevant.

Factors associated with PAML errors are presented in
Table 2. Older age was significantly associated with an
increased rate of PAML errors in unadjusted analyses and
remained associated with clinically relevant PAML errors
after adjustment. Inadequate or marginal health literacy was
significantly associated with more clinically relevant PAML
errors in bivariate but not in multivariable analysis. For
every one additional pre-admission prescription medication
there was an increase in total and clinically relevant PAML
errors (12 and 17%, respectively). Finally, in adjusted
analyses, having a medication list available in the EMR
within 90 days prior to admission was associated with a 40—
46% lower rate of PAML errors.

Admission order errors were more common among
patients with older age (Table 3). For each additional pre-
admission prescription medication, the rate of total and
clinically relevant admission order errors increased by 7%
and 12%, respectively, in adjusted models. However, when
the number of PAML errors was included in the models as
a covariate, the association between pre-admission pre-
scription medications and admission order errors was no
longer statistically significant. The number of PAML
errors was strongly associated with both total and
clinically relevant admission order errors in unadjusted
and adjusted analyses.

| 862 Participants recruited

I 430 Randomized to intervention ‘

7 Participants excluded:
2 Withdrew

5 Died before discharge

Qutcome 1: PAML errors

A. Parlicipants analyzed for lolal
errors: 413, 10 missing

B. Participants analyzed for clinically-
relevant errars: 406, 17 missing

423 Included in analyses

errors: 413, 10 missing

Qutcome 2: Admission order errors
A. Participants analyzed for total

B. Participants analyzed for clinically-
relevant errors: 405, 18 missing

Outcome 3: Discharge or

A. Participants analyzed for total
errors: 405, 18 missing

B. Participants analyzed for clinically-
relevant errors: 402, 21 missing

ar ermars

Figure 1. Flow diagram of participants included in analyses.
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Figure 2. Frequency of total and clinically relevant PAML, admission medication order, and discharge medication order errors.
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Table 2. Factors Associated with Pre-admission Medication List (PAML) Errors (outcome 1)

PAML errors

Clinically relevant PAML errors

Variable Unadjusted Adjusted Unadjusted Adjusted

Age (55-64, 65+ vs. <55) 1.31 (1.08-1.59)*  1.25 (0.99-1.58) 1.75 (1.30-2.36)*  1.46 (1.00-2.12)*
Living alone vs. not 0.98 (0.71-1.34) 0.97 (0.71-1.33) 1.35 (0.79-2.31) 1.52 (0.87-2.63)
Insurance type (not private’ vs. private) 1.26 (0.91-1.73) 0.81 (0.56-1.17) 1.33 (0.77-2.29) 0.65 (0.35-1.19)
Health literacy (inadequate/ marginal vs. adequate) 1.34 (0.94-1.91) 1.27 (0.87-1.85) 2.05 (1.17-3.60)*  1.29 (0.67-2.50)
Cognition level (dementia vs. no dementia) 1.17 (0.75-1.83) 1.07 (0.66-1.71) 1.89 (0.98-3.64) 1.97 (0.81-4.79)
Medication understanding* 0.91 (0.65-1.26) 1.13 (0.82-1.56) 0.66 (0.39-1.11) 0.98 (0.58-1.67)
Medication adherence® 1.04 (0.88-1.22) 1.12 (0.97-1.29) 0.96 (0.75-1.22) 1.14 (0.88-1.47)
# preadmission prescription meds (per additional medication)  1.09 (1.05-1.13)*  1.12 (1.08-1.16)*  1.16 (1.10-1.23)*  1.17 (1.10-1.25)*
Medication list available in EMR 0.91 (0.66-1.25) 0.60 (0.43-0.84)*  1.08 (0.63-1.82) 0.54 (0.30-0.96)*

Results are presented as incidence rate ratios (IRR), with 95% confidence interval

*<0.05

7LNot private category included Medicaid, Medicare, self pay, and other types of insurance
*Per point on 0 to 3 scale, with higher numbers indicating better understanding

Per point on 0 to 4 scale, with lower numbers indicating better adherence

Both total and clinically relevant discharge medication
errors were less common among patients who lived alone
and those with cognitive impairment (Table 4). The number
of PAML errors was strongly associated with discharge
medication errors (IRR=1.31 per PAML error in adjusted
analyses). The number of medication changes made during
hospitalization also was significantly associated with dis-
charge medication errors (IRR=1.06 for each additional
medication change in adjusted analyses).

SECONDARY ANALYSES

A sensitivity analysis of factors associated with PAML
errors, excluding participants without pre-admission pre-
scription medications, demonstrated consistent findings.

When stratified on the presence or absence of a medication
list available in the EMR within 90 days prior to admission,
the number of pre-admission medications was associated
with PAML errors, consistent with the main results. In
mediation analyses, the number of PAML errors was found
to mediate the effect seen between number of pre-admission
prescription medications and admission order errors.

DISCUSSION

We found that medication reconciliation errors at the time of
admission and discharge are common and often clinically
relevant at two unaffiliated academic medical centers.
Factors associated with PAML errors included more pre-
admission prescription medications and older age. Having a

Table 3. Factors Associated with Admission Order Errors (outcome 2)

Admission order errors

Adjusted

Clinically relevant admission order errors

Adjusted

Variable Without PAML

errors

Unadjusted

With PAML
errors

Without PAML
errors

With PAML
errors

Unadjusted

Age (55-64, 65+ vs. <55)  1.61 (1.17-2.22)*
Living alone vs. not 0.79 (0.47-1.31)
Insurance type (not pn'vateT 1.39 (0.79-2.43)
vs. private)

Health literacy (inadequate
or marginal vs. adequate)
Cognition level (dementia
vs. no dementia)
Medication understanding®  1.27
Medication adherence® 0.88
# pre—admission prescription 1.09
meds (per additional
medication)

Medication list available in
EMR

# PAML errors

1.84 (1.26-2.70)*
0.86 (0.54-1.37)
0.73 (0.41-1.32)
0.68 (0.36-1.31)  0.64 (0.33-1.22)
1.00 (0.44-2.28)  0.96 (0.43-2.13)
(0.73-2.21) 134 (0.81-2.22)

(
(1.02-1.16)* 1.07 (1.01-1.14)*

1.58 (0.95-2.63)  1.08 (0.63-1.83)

1.60 (1.42-1.80)*

1.74 (1.18-2.56)*
0.81 (0.51-1.28)
0.70 (0.37-1.31)
0.50 (0.24-1.04)
0.84 (0.45-1.58)
(0.69-1.91)

(0.87-1.31)

1.3 1.15
0.68-1.13)  1.00 (0.80-1.26) 1.07
1.0 1.00 (0.93-1.07)

1.62 (0.97-2.72)
1.59 (1.42-1.77)*

1.93 (1.26-2.97)*
0.96 (0.45-2.06)
1.81 (0.79-4.13)

1.95 (1.19-3.18)*
1.56 (0.82-2.95)
1.07 (0.48-2.37)

1.54 (0.99-2.40)
1.4 (0.75-2.74)
1.02 (0.44-2.33)
0.79 (0.30-2.08)

0.59 (0.21-1.62)  0.41 (0.16-1.05)

1.02 (0.34-3.03)  1.41 (0.44-4.56) 1.05 (0.38-2.86)
1.48 (0.64-3.46)
0.95 (0.65-1.39)

1.14 (1.05-1.23)*

1.92 (0.85-4.36)  1.50 (0.70-3.23)
1.15 (0.84-1.57)  1.21 (0.94-1.55)
1.12 (1.05-1.20)*  1.05 (0.97-1.12)

249 (124-5.01)* 139 (0.70-2.77) 1.45 (0.74-2.83)

1.83 (1.54-2.18)* 1.71 (1.46-1.99)*

Results are presented as incidence rate ratios (IRR), with 95% confidence interval

*0<0.05

7LNot private category included Medicaid, Medicare, self pay, and other types of insurance
Per point on 0 to 3 scale, with higher numbers indicating better understanding

SPer point on 0 to 4 scale, with lower numbers indicating better adherence
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Table 4. Factors Associated with Discharge Medication Errors (outcome 3)

Variable

Discharge medication errors

Clinically relevant discharge medication errors

Age (55-64 or 65+ vs. <55)
Living alone vs. not
Insurance type (not private’
vs. private)

Health literacy (inadequate
or marginal vs. adequate)
Cognition level (dementia
vs. no dementia)

# medication changes during

Adjusted Adjusted

Unadjusted Without With PAML Unadjusted Without With PAML
PAML errors errors PAML errors errors

1.15 (0.92-1.44) 1.09 (0.88-1.36) 1.01 (0.81-1.26) 1.17 (0.92-1.49) 1.11 (0.86-1.43) 1.04 (0.80-1.34)

0.71 (0.50-1.00) 0.67 (0.47-0.96)* 0.60 (0.43-0.85)* 0.61 (0.41-0.91)* 0.61 (0.41-0.90)* 0.51 (0.35-0.74)*

1.32 (0.91-1.93) 1.34 (0.92-1.95) 1.28 (0.88-1.86) 1.32 (0.88-1.98) 1.39 (0.90-2.13) 1.31 (0.85-2.02)

0.90 (0.62-1.31)
0.79 (0.44-1.43)
1.08 (1.04-1.13)*

0.97 (0.65-1.46)
0.62 (0.37-1.04)
1.08 (1.03-1.13)*

1.05 (0.70-1.58)
0.51 (0.32-0.83)*
1.06 (1.01-1.10)*

0.90 (0.58-1.38)
0.67 (0.37-1.21)
1.09 (1.04-1.14)*

1.06 (0.66-1.68)
0.47 (0.27-0.82)*
1.10 (1.05-1.15)*

1.22 (0.76-1.95)
0.42 (0.25-0.73)*
1.06 (1.01-1.11)*

hospitalization (per
additional medication)

# PAML errors 1.31 (1.21-1.41)*

1.31 (1.21-1.42)*

1.31 (1.19-1.43)* 1.31 (1.19-1.45)*

Results are presented as incidence rate ratios (IRR), with 95% confidence interval

<0.05

"Not private category included Medicaid, Medicare, self pay, and other types of insurance

recent medication list in the EMR was protective against
PAML errors. Admission order errors were linked to a
greater number of pre-admission prescription medications,
an effect that was mediated by the number of PAML errors.
Finally, medication errors at the time of discharge increased
with the number of PAML errors and medication changes
made prior to discharge.

The observed incidence of participants with PAML errors
(42%), admission order errors (19%), and discharge errors
(40%) concurs with previous studies. A systematic review
of PAML error studies revealed that 10-67% of patients had
at least 1 PAML error upon admission.' Admission order
errors occurred slightly more often in several,>*** but not
all,'" prior studies. Our incidence of discharge medication
errors is within the 25-71% incidence found in other
studies.*'""** Additionally, when we probed a subset of
patients who had errors on admission and discharge, we
found that the distribution of types of errors (i.e. mostly
errors of omission or commission) were similar to prior
studies, 3:12:14.15.23.25

Several factors we found to be associated with medication
reconciliation errors, such as older age and number of pre-
admission medications, were confirmed by others.'"'*!*!
However, in one study fewer unintentional medication
discrepancies were associated with age over 85 compared
to age less than 50.'> Herrero-Herrero et al. found that the
number of preadmission medications predicted unjustified
discrepancies (i.e. medication errors) at discharge.*® Further-
more, Pippins et al. showed that 72% of all potentially
harmful discrepancies in admission or discharge orders were
due to PAML errors.'” Similarly, we discovered that PAML
errors and medication changes made during hospitalization
predicted discharge medication errors.

Our results that discharge medication errors were less likely
in cognitively impaired patients and those who lived alone
deserve comment. Regarding the former, the healthcare

providers in our study may have been more cautious when
prescribing medications for cognitively impaired patients,
particularly prior to hospital discharge.’’® These patients
may have had caregivers at home or in facilities who could
inform assembly of the discharge medication regimen.
Regarding the latter, Hasan et al. demonstrated that not being
married was protective against hospital readmissions.?’
Healthcare providers may focus their reconciliation efforts
and discharge planning to prevent medication-related events
in patients who live alone and may have little functional
social support.

We found that having a recent medication list in the EMR
was protective against PAML errors, similar to the MATCH
study in which patients with a medication list had lower odds
of an admission medication reconciliation error.'* We
surmise that having a paper or electronic list provides
evidence of prior medication management by the patient
and/or a healthcare provider. Although perhaps not com-
pletely accurate, a previously assembled medication list
provides a starting place to perform medication reconciliation
on admission. Collectively, these studies underscore the
importance of taking an accurate medication history on
admission, as most medication errors originate from this step
and can be perpetuated.

Interventions to reduce PAML errors have the potential to
prevent medication errors during hospitalization. To avoid
medication errors at discharge and potential harm thereafter,
care transitions interventions have given special attention to
medication reconciliation®*", particularly for older adults and
those with caregivers.”>*> To be most effective these efforts
must begin at hospital admission, when medication histories
are taken. Future interventions should address improving
medication history-taking and cost-effective, timely medica-
tion reconciliation in order to reduce medication errors.

Our study has several strengths. First, we report on a
large cohort of medical inpatients from two unaffiliated
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hospitals, allowing us to investigate the influence of several
patient- and medication-related factors. Furthermore, the
relationship between inpatient medication errors and some
variables we utilized, such as health literacy and cognition,
have not been previously reported. Additionally, we
analyzed medication errors at three time points during
hospitalization, whereas most prior studies have focused on
either admission or discharge errors.

We note possible study limitations. We present a sub-
study of a clinical trial which had a moderate consent rate
(41%). Participants had ACS or ADHF, limiting the
generalizability to individuals with other admitting diagno-
ses and/or taking fewer medications. We did not investigate
medication errors from in-hospital transfers nor assess the
clinical impact of medication errors, though the relationship
between total errors, clinically relevant errors, and ADEs
have been described in several prior studies.>*!!+12:14.15.22.23.34
Clinically relevant medication errors were classified at the
discretion of the pharmacists, thereby introducing possible
bias in the judgment of these outcomes. The potential of
errors to cause harm was not formally adjudicated by a
blinded panel of clinicians. Our results may not be
generalizable to smaller, community-based facilities or
those with mostly paper-based medical records. Lastly,
because both study sites utilize PAML-building software in
their EMRs the error rates may be lower than in other
hospitals.>’

CONCLUSIONS

Medication reconciliation errors occur frequently on hospi-
tal admission and discharge. Older age and number pre-
admission medications predicted PAML errors and admis-
sion order errors, whereas PAML errors and medication
changes during hospitalization were associated with dis-
charge medication errors.

In summary, errors in compiling the pre-admission
medication list lead to errors in admission orders as well
as discharge medications and are the strongest predictor of
clinically relevant medication errors throughout hospitaliza-
tion. Interventions to construct accurate pre-admission
medication histories and to verify the accuracy of discharge
orders in patients at high risk for medication errors are
needed.
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